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Preface  to  the  Second  Fxiition 


This  edition  omtains  sudi  changes  and  additions  as  have  been  made  possible 
by  new  knowledge  of  rattlesnakes  obtained  by  herpetological  students  and  field 
observers  during  the  intervening  years.  The  new  material  has  been  inserted  at  ap- 
propriate ])laccs  in  the  text  and  the  references  detailing  the  new  information  h;i\e 
been  added  to  the  bibliography.  The  extended  knowledge  lias  been  especially  im- 
portant in  (he  fields  ol  c  lassifK  ation.  Newly  des<  ril)ed  Mihsj)C(  ies  have  been  in- 
ehuled  and  olliiis  iioi  hithiito  (Oiisidcred  \alid  ha\t'  been  reinstated.  Tlie  range 
maps  and  niorplioiogitai  tables  iui\e  been  brought  tip  to  date. 

Almost  everywhere  rattlesnake  populations  are  diminishing  because  of  the  influx 
of  people  into  the  rural  areas  where  they  are  found;  but,  coincidentally,  there  are 
more  people  who  are  curious  about  these  interesting,  but  unfortunately  danger- 
ous,  reptilian  neighbors^  thus  justifying  this  republication. 


PUBLISHER'S  NOTE 

Lamence  M.  Klauber's  monumental  study.  Rattlesnakes,  was  first  published  in 
195ti.  I  he  two-volume  work  was  siil)se(inently  given  the  highest  critical  acc  hiini  and 
the  author  I)C(  anK'  iiitci  nationally  recognized  as  ihe  outsiaiuling  authority  on  the 
siihjcti,  ()\er  tlie  lu \i  M  \cial  uais.  Mr.  Klaidjer  (oniiiuietl  to  (ollect  inh)rnKition 
ainieil  at  the  e\eniual  publiiaiion  of  a  rcvisctl  eililion.  Work  on  this  began  in 
earnest  in  1966  and  the  author  completed  revisions  to  chapters  1,  2,  and  3  in  1967. 
He  regarded  these  changes  as  l>eing  the  most  necessary  and  significant  in  the  entire 
work.  The  revised  chapter  2  incorporates  all  the  information  available  on  dassifica- 
tion  and  identification  of  rattlesnake  species  and  siibs|)ecies  up  to  the  end  <rf  1967. 
Chapter  3  has  been  greatly  expanded  in  the  light  of  recent  information  on  the 
zo<)geo<4^raphv  as  well  as  ])aleontoIog\  and  j)li\l()geny  ol  rattlesnakes.  Mr.  Klaidjcr 
iiad  planneil  to  iiuliide  rev  isions  on  a  smallei  scale  throughout  the  work  biu  his 
program  was  interrupted  by  illness  earl\  in  IDtiH  antl  icrniinaied  I))  his  death  on 
May  8,  1968.  Because  of  the  continuing  high  demand  for  die  volumes  the  Editorial 
Committee  of  the  University  of  California  Press  has  authorized  the  issuance  of  a 
revised  edition  of  Rattlesnakes  in  the  form  in  wliich  Laurence  Klauber  left  it.  His 
thorough  and  metii nlons  metliods  of  in\esttgation  and  high  standard  of  presenta- 
tion more  than  justify  such  a  decision.  Tlie  (-'onnin'ttee  wishes  to  express  its  appreci- 
ation for  (oiinsel  and  giiichuite  pioxidcd  l)v  .Mian  (.  Sloan,  (^inatoi  of  Reptiles 
and  .Amphibians,  San  Hit  go  Naiui  al  History  Museum,  in  reviewing  and  preparing 
the  scconil  etlition  for  tlie  printer. 
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Preface  to  the  First  Edition 


In  1936«  after  having  studied  the  dassification  of  rattlesnakes  for  fifteen  years, 
I  published  the  results  in  the  form  of  an  identification  key.  I  had  previously 
noticed  that  these  creatures  commanded  a  sort  of  fearsome  interest,  even  among 
people  who  certainly  had  no  fondness  for  them.  So  I  prefaced  the  key  with  a 
brief  summary  of  rattlesnake  ways  of  life,  what  tliey  did  and  how,  with  the  result 
that  this  pamphlet  soon  became  an  out-of-print  rarity. 

Obviously  it  was  not  the  key  to  the  identification  of  the  diflcrcnt  kinds  of 
rattlesnakes  that  r:;ave  the  booklet  its  brief  popiihii itv;  rather  it  was  the  short 
discussion  of  the  lives  and  habits  of  the  snakes.  .And  I  liad  observed,  although  I 
myself  never  brouglit  up  the  subject,  that  rattlers,  despite — or  maybe  because 
of — their  sinister  reputations,  would  always  bridge  a  dull  spot  in  a  dinner  conver- 
sation. So  in  1945  I  began  work  on  what  was  to  have  been  a  revision  of  the  1936 
pamf^et,  except  that  the  identification  keys  were  to  be  subsidiary  to  the  observa- 
tions  on  life  history.  As  to  the  latter,  I  expected  to  dwell  largely  on  a  single  species 
of  rattlesnake — the  western  rattlesnake — which,  in  one  of  its  several  varieties, 
was  tlie  kind  most  often  encountered  by  the  covered-wagon  emigrants  westbound 
after  crossing  the  Mississippi. 

Hie  present  book  has  grown  beyond  the  scope  once  conLeniplated.  1  hope  that 
this  expansion  has  not  decreased  its  usefulness.  Certain  tedmical  material  of 
little  interest  to  the  casual  seeker  for  the  facts  of  rattlesnake  life  has  been  included; 
but  throughout,  the  needs  of  this  user  have  been  kept  in  view.  There  has  been  a 
consistent  effort — evidenced  by  a  table  of  contents  complete  with  every  subject 
heading,  a  logical  cU  \  clopment  of  subjects  by  chapters,  and  an  extensive  index — 
to  supply  the  needs  of  both  the  man  who  seeks  some  single  fact  to  settle  a  bet,  as 
well  as  the  sttulcnt  with  a  broader  purpose.  In  a  way.  this  book  is  an  encyclopedia 
of  the  lattlesnake;  in  it  both  the  rattlesnake's  reat  lions  to  its  environment  and 
man's  reaction  to  rattlesnakes  have  been  surveyed.  Among  other  objectives,  1  have 
sought  to  disentangle  rattlesnakes  as  they  are  from  rattlesnakes  as  people  imagine 
them  to  be. 
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Introduction 


Of  all  the  books  or  pamphlets  containing  information  about  rattlesnakes,  the  two 
that  have  probably  most  influenced  or  guided  public  ideas  on  the  subject  were 
written  by  men  who  certainly  never  saw  a  rattlesnake  in  its  native  habitat,  and  may 
not  even  have  seen  one  alive.  These  authors  were  Oliver  Goldsmith  and  the  Rev. 
John  G.  Wood,  neither  a  naturalist,  both  rather  inaccurate  and  credulous  compilers, 
but  each  with  the  gift  of  interesting  jjopularization.  So  cherished  were  their  natural 
histories — first  published  in  1774  and  1851,  respectively — that  they  appeared  in 
unnumbered  editions;  they  were  reissued,  reprinted,  revised,  enlarged,  pirated,  and 
quoted  without  credit.  They  were  read  avidly  by  the  children  of  successive  genera- 
tions and  remained  the  standard  natural-history  reference  works  in  many  British 
antl  American  homes  down  to  the  present  ceniiuy.  Their  counterparts  in  German 
were  the  successive  editions  of  Brehm's  Thicrh'hrn;  and,  in  Fiendi,  some  of  the 
more  poj)ular  abridgments  of  Buffon's  Histoirr  Nntiircllr. 

What  made  these  and  similar  works  so  deservedly  popular  was  not  so  much  their 
vivid  descriptions  of  the  animals  themselves  as  the  information  on  their  habits  and 
the  places  where  they  live,  often  exemplified  by  stories  of  human  encounters  with 
them.  It  was  not  entirely  the  fault  of  these  authors  that  many  of  their  accounts  were 
inaccurate,  for  naturally  they  were  dependent  for  their  information  on  the  travelers 
abroad  who  had  had  the  opportunity  to  make  field  observations.  The  compilers  had 
no  way  of  winnowing  actual  observations  from  the  myths  and  tales  the  travelers 
brought  back.  This  difficulty  of  separating  fact  from  fiction  is  particularly  formida- 
ble in  the  case  of  the  rattlesnakes,  creatures  whose  ver^'  nature  invites  exaggeration. 
Many  of  the  rattlesnake  stories  still  believed  today  date  back  to  misunderstood 
incidents  of  colonial  days,  or  to  tales  invented  at  the  campfire  to  spoof  a  gullible 
traveler. 

Pi  RPosE  AND  Scope 

This  book  is  written  to  assemble  and  survey  our  present  knowledge  of  rattlesnake 
habits  and  life  histories.  It  is  intended  for  reference  rather  than  as  a  popular  nat- 
ural history  of  the  rattlers,  being,  perhaps,  too  extensive  and  detailed  for  the  latter 
purpose.  But  as  it  includes  numbers  of  field  observations  from  varied  sources,  it  is 
hoped  that  it  may  aid  in  the  correction  of  some  of  the  dubious  accounts  long  cur- 
rent in  the  popular  natural  histories;  and,  further,  that  it  may  encourage  renewed 
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invt'stii^aiions  and  observations  respecting  those  phases  of  ratiUsnakc  life  now 
ini]}erfeclly  understood  or  unknow  n.  An  effort  has  been  made  to  ket  p  the  book 
from  becoming  overtcthnical,  witli  a  view  to  making  tlie  indiv  idual  sections  into 
whidi  it  has  been  divided  useful  to  any  reader  wishing  further  information  on 
some  particular  aspect  of  rattlesnake  life.  The  index  should  prove  adequate  to 
permit  this  sporadic  type  of  reference. 

I  have  no  desire  to  exaggerate  the  importance  of  rattlesnakes  in  the  scheme  of 
nature,  or  in  their  influence  on  mankind.  To  people  going  afield — campers, 
hunters,  fishermen,  and  the  like — they  constitute  a  relatively  minor  danger,  yet 
the  liazard  is  sufficient,  or  is  tjelicved  to  he,  to  cause  many  persons  to  suffer  almost 
continuously  from  the  fear  of  rattlers  when  in  the  woods  or  brush.  An  uni  xjKctcd 
encouutei  witli  a  rattler  h.ts  l^roken  up  man\  a  j)icni(  partv;  the  icar  ol  meeting 
one  has  kept  many  another  from  evei  leav  ing  home.  I  hose  uionI  familiar  with 
these  snakes  learn  to  take  them  in  their  stride;  they  soon  find  that,  compared 
with  the  hazard  of  a  traffic  accident,  rattlesnakes  constitute  a  negligible  danger. 

Along  with  their  danger,  real  or  imagined,  rattlers  are  of  economic  value  to  the 
farmer  or  stock  raiser  by  reason  of  their  food  habits,  for  they  are  predators  on 
injurious  rodents.  They  are  handsome  yet  sinister  creatures,  with  curious  ways  of 
life.  They  arc  exjx  i  t  performers  on  a  musical  instrument  which  they  themselves 
cannot  hear.  I  inler  from  the  conversations  of  visitors  at  the  7oo,  from  letters  of 
inquiry,  and  from  the  frequency  of  rattler  items  in  the  newsjjajji  i that  the  gen- 
eral interest  in  them  is  great.  In  fat  t,  throughout  this  book  I  have  dwelt  to  a  con- 
siderable extent  on  the  relationships  of  rattlesnakes  and  men,  for  certainly  one 
of  the  most  remarkable  aspects  of  rattlesnakes  has  been  their  effect  on  people.  Quite 
apart,  and  often  quite  different,  from  their  existence  as  reptiles  in  the  forest  or 
desert,  rattlesnakes  have  had  an  existence  in  the  minds  of  men — in  unnatural 
natural  history,  in  myth  and  folklore,  in  primitive  medicine,  and  even  in  aboriginal 
religion.  Certainly,  the  rattlesnake  of  song  and  story  is  a  creature  that  quite  sur- 
passes nature.  It  is  my  hope  that  this  book  mav  h  ad  to  a  better  understanding  of 
rattlesnakes,  and  this  objective  can  only  be  achieved  by  a  sin  vey  of  some  of  the  less 
accurate  ideas,  their  sources,  and  their  deviations  from  field  experience. 

Some  may  question  the  desirability  of  discussing  herein  so  much  that  has  been 
written  about  rattlesnakes  that  is  untrue,  varying  from  the  mildly  exaggerated  to 
the  fantastic.  But  if  we  are  to  know  what  to  investigate  and  what  to  explain,  we 
must  know  what  beliefs  people  currently  hold.  And  I  find  it  rewarding  to  delve 
into  the  genesis  of  these  beliefs.  If  it  can  be  shown  that  some  story  originated  with 
Pliny,  then,  by  inference,  it  did  not  come  from  an  observation  on  rattlesnakes, 
for  none  of  the  authors  from  whose  works  Plinv  compiled  bis  natiual  historv  had 
ever  seen  a  rattler.  This  book  is  not  only  a  survey  of  rattlesnakes,  f)ut  of  what 
people  have  thought  al)out  rattlesnakes  and  win  ;  for  these  iea(tions  and  opini(jns 
arc,  in  their  way,  as  interesting  as  the  snakes  themselves  arc  in  another.  .And  as 
these  reactions  are  more  often  founded  on  ideas  received  through  reading  about 
or  discussing  snakes,  than  in  observing  them,  it  is  important  to  know  what  has 
been  said,  and  when,  and  by  whom  upon  what  knowledge.  I  hope  that  neither 
quotation  nor  reference  will  convey  the  idea  that  the  beliefs  are  necessarily  mine 
or  are  to  be  considered  valid. 
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Men  have  attributed  to  rattlesnakes  many  powers  that  they  do  not  have  and 
exploits  they  could  Tir\pr  have  performed.  These  snakes  are  the  subject  of  a  \:\r^c 
and  curious  body  ot  lolklorc.  They  ha\c  long  been  a  gold  mine  for  the  in\i  iui\e 
storyteHcr  at  tlic  chuck  \\agon.  In  sonic  degree  the  folklore  ot  the  rattlesnakes — its 
persistence  and  the  credulity  of  whicli  it  is  an  evidence — is  more  important  tlian 
the  ways  of  the  snakes.  Maybe  credulity  is  the  wrong  word;  it  implies  a  sense  of 
ridicule  that  is  not  intended.  What  I  seek  to  convey  is  the  fact  of  the  persistence, 
the  virtual  indestructibility  of  natural  history  as  created  by  gossip.  Rattlesnakes 
are  relatively  unimportant  creatines  in  our  lives,  and  certainly  no  one  can  be 
criticized  for  not  spending  time  in  their  study.  Yet  they  must  have  an  interest  for 
people,  for  thev  will  recount  reputed  experiences  with  rattlers  on  the  slightest 
provocation.  It  is  these  stories  that  are  a  source  of  wonder  and  suiprise,  for  scUloni 
are  they  founded  on  more  than  hearsay;  and  that  distorted  by  time  and  retelling. 
Such  personal  experiences  as  may  be  included  are  often  themselves  folklore,  queerly 
transformed  by  repetition  and  the  quirks  of  memory.  How  many  times  do  we  re- 
member vividly,  as  personal  experiences,  family  incidents  that  actually  happened 
before  we  were  born,  so  strcmgly  does  the  early  telling  at  the  fireside  imbed  their 
pictures  in  our  memories.  As  evidence  of  human  methods  of  accumulating  unveri- 
fied beliefs,  rattlesnake  tales  are  not  less  interesting  than  the  snakes  themselves.  It 
is  as  if  we  saw  hinnanity  reflected  from  a  mirror  of  rattlesnakes,  with  all  the  peculiar 
effects  caused  by  the  undulations  in  the  glass. 

Sources  of  Information 

In  the  comj)ilaiion  of  these  life  histories  of  the  rattlesnakes,  four  sources  ot  infor- 
mation have  been  available:  (1)  Correspondence  with  field  observers  and  natural- 
ists; (2)  published  accounts;  (3)  studies  of  captive  rattlesnakes  made  at  the  San 
Di^  Zoo;  and  (4)  the  personal  observations  of  the  writer  in  the  field  and 
laboratory. 

Data  from  Corrrspondnits. —  There  are  certain  jjeople  whose  occupations  keep 
them  out-of-doors  and  in  continuous  contact  with  nature.  They  become  naturalists 
in  the  best  sense  of  the  word.  When  they  meet  a  rattler  in  the  field  it's  a  part  of  the 
day's  work,  not  something  to  form  the  basis  of  a  sensational  story.  Their  observa- 
tions are  usually  sound  and  accurate,  in  the  aggregate  comprising  a  volume  of 
material  far  beyond  the  field  notes  of  even  the  most  fortunate  and  active  herpe- 
tologist.  What  these  observations  may  lack  in  co-ordination  and  continuity,  they 
make  up  for  in  the  corroborative  evidence  of  their  widespread  sources. 

About  thirty  years  ago  I  condiu  ted  a  campaign  by  mail  to  learn  where  certain 
kinds  of  rattlers  were,  or  were  not,  found.  This  was  for  the  purpose  of  mapping 
ranges  with  accuracy.  More  than  a  thouiand  letters  and  return  postcards  were  sent 
to  such  persons  as  forest  rangers,  game  wardens,  and  hig^'school  biology  teachers. 
Althot^h  the  questionnaire  was  aimed  primarily  at  settling  problems  of  range 
boundaries,  the  form  used  contained  a  blank  space  for  the  entry  of  field  notes.  The 
replies  proved  so  interesting  that  when  the  present  book  was  first  contemplated  in 
1945,  I  was  encouraged  to  icpeat  the  inquiry  on  a  broader  scale.  This  time  over 
two  thousand  letters  weie  sent  out  and  more  than  five  hunched  replies  were  re- 
ceived. A  variety  of  outdoor  people  were  solicited  for  information,  including 
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National  Forest  rangers,  U.  S.  Fish  and  Wildlife  Service  employees.  Soil  Coix- 
servation  Service  workers,  National  Park  naturalists  and  rangers,  and  stale  game 
wardens  and  patrol  officers.  I  am  indebted  to  the  headquarters  staffs  of  many  of 
these  organizations  for  their  courtesy  in  sending  me  the  addresses  of  their  field 
men.  Other  inquiries  were  sent  to  a  miscellaneous  list  of  field  naturalists,  hunters, 
trappers,  stock  and  poultry  raisers,  county  agricultural  agents,  and  others  likely 
to  have  firsthand  information  on  the  subject. 

The  foi  Til  of  inquiry,  although  suggesting  various  aspects  of  rattlesnake  life  upon 
whidi  information  was  sought,  avoided  leading  cjucsiions.  After  a  trial  seiies  had 
shown  the  desirability  of  a  change,  a  revised  torm  made  dear  the  fact  that  per- 
sonal observations — actual  field  incidents — were  sought,  rather  than  generaliza- 
tions upon  rattlesnake  life  and  habits.  The  results  woe  most  rewarding,  and  I 
cannot  too  gratefully  acknowleci^  the  valuable  assistance  received  from  these 
hundreds  of  correspondents.  Many  took  the  trouble  to  reply  at  length,  giving  in 
detail  their  experiences  over  many  years.  Some  supplied  the  names  of  friends  known 
to  have  information  on  the  subject,  and  from  these,  in  turn,  information  was 
requested.  In  many  instances  further  correspondence  was  needed  to  clarify  doubt- 
ful  points,  so  that  serii  s  of  letters  were  involved. 

Where  possible,  1  have  given  the  name,  address,  and  the  official  connection  of 
the  person  making  any  quoted  statement.  However,  it  shcnild  be  remembered  that 
some  of  the  comments  were  received  twenty  or  more  years  ago,  and  many  addresses 
and  positions  have  no  doubt  been  dianged  in  the  interval. 

The  letters  from  which  1  have  quoted  are  not  restricted  to  tlie  answers  to  these 
questionnaires.  During  the  past  years  I  have  carried  on  an  extentled  correspond- 
ence on  the  sul)je(  t  of  rattlesnake  life  histories  and  habits  with  amateur  and  pro- 
fessional herpeiologisls  who  ha\e  liad  nnu  h  experience  with  these  sn.ikes.  From 
them  1  have  setured  many  useful  oljservaiious,  which  1  iiave  been  privileged  to 
quote. 

There  may  be  some  criticism  of  what  may  seem  unnecessary  repetition  in 
setting  forth  virtually  simQar  experiences  from  several  correspondents.  This  has 
been  done  w  ith  the  deliberate  intent  of  driving  home  the  authenticity  of  certain 
observations,  or  the  wide  popular  acceptance  of  others. 

Printed  Material. — My  second  source  of  information  has  been  published  material. 
I  have  examined  a  large  number  of  books  and  articles,  either  about  rattlesnakes 
or  containing  pertinent  incidental  statements  on  their  habits.  Some  of  these  I  have 
quoted  verbatim;  to  many  others  I  have  made  reference,  summarizing  the  author's 
observations  or  conclusions,  with  an  appropriate  citation  by  page  number  so 
that  any  reader,  consulting  the  bibliography,  may  locate  the  original  statement. 

Although  some  of  the  material  abstiaded  from  previous  |)uI)lications  tends 
to  confirm  the  observations  of  the  correspoiulcius  I  ha\(  (jiioted,  others  ha\e 
reference  to  asj)ects  of  snake  life  that  cannot  be  known  from  held  observations 
alone,  such  as  venom  quality,  snake  growth  and  longevity,  or  sexual  dimorphism. 
For  these,  the  publications  that  I  have  quoted  comprise  the  primary  sources  of 
data. 

Admittedly  the  bibli(^aphy,  although  containing  more  than  three  thousand 
items,  leaves  much  to  be  desired.  It  is  definitely  haphazard.  The  literature  on 
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rattlesnakes  is  very  extensive,  for  not  only  are  there  many  technical  articles  on 
the  subject,  but  there  are  the  general  natural  histories,  books  ot  tr:i\el,  medical 
journals,  ethnohjgical  reports,  natine  magazines,  the  himting  and  fishing  periodi- 
cals, and,  finally,  the  Sunday  supplements,  all  containing  material  of  interest,  if 
not  always  of  sound  value.  I  have  found  only  a  part  of  these  sources,  and  have 
included  even  fewer  in  the  bibliography  of  this  work. 

Since  this  is  primarily  a  discussion  of  rattlesnake  life  histories,  I  have  omitted 
many  treatises  which,  although  important  in  their  fields,  have  dealt  mostly  with 
rattlesnake  squamation  and  classification — that  is,  they  ha\c  their  importance  in 
the  development  of  taxonomv  and  nomenclature.  On  the  other  hand,  I  have 
included  manv  apparentlv  ephemeral  items,  often  ot  doubtfid  dependability, 
siiKc  thev  reilcc  I  poj)ulai  beliefs  (oiueming  t  attlers,  and  the  facets  of  public 
inteiest.  l  or  these  popidar  accounts  of  rattlesnakes  in  books,  maga/ines,  and 
newspapers  are  important,  however  much  one  may  criticize  their  accuracy,  since 
they  indicate  and  accentuate  the  aspects  of  rattler  life  that  are  of  the  greatest 
interest  to  nonspedalists,  and  it  is  in  part  to  satisfy  these  interests  that  the  present 
work  has  been  prepared.  So  I  have  induded  artides  with  whose  conclusions  I  take 
issue,  and  whose  sensational  or  exaggerated  presentation  I  regret,  but  which  do 
recount  interesting  occurrences  or  beliefs. 

I  have  found  that  one  cannot  gauge  the  accinacy  or  im}K)rtaiue  of  a  contribu- 
tion on  rattlesnakes  by  the  character  of  the  jxiblication  in  wln'(h  it  appealed. 
Some  Sunday  supplements  have  contained  well-grounded  articles,  while,  on  the 
Other  hand,  some  of  the  w<Nrst  offenders  have  been  the  journals  whose  presence  on 
a  reading  table  is  presumed  to  add  tone  to  the  surroundings.  Unfortunatdy,  some 
of  the  nature  writers  whose  works  are  duly  acclaimed  in  the  critical  reviews  deserve 
higher  marks  in  English  Literature  43  than  in  Biology  7.  There  are  indications 
that  a  welUumed  phrase  sometimes  distorts  a  fidd  observation  or  conceals  the 
lack  of  one. 

I  have  found  the  sportsman's  maga/incs  j^aiticularlv  iiUriguing — esj^ecialh  the 
corresj)ondence  or  cpu  stioii-and-answer  columns.  Some  of  tlie  recurrent  argu- 
ments— on  how  the  rattler  wears  its  rattles,  for  example — always  bring  out  some 
useful  observations  in  the  heat  of  controversy.  These  arguments,  by  the  way,  seem 
never  to  be  settled.  After  running  through  several  successive  numbers  of  a  maga- 
zine they  die  down,  only  to  be  revived  a  year  or  so  later  by  some  new  query  in  the 
same  journal,  as  if  the  subject  had  never  been  discussed  before. 

There  was  hardly  a  traveler  along  the  eastern  seaboard  in  colonial  days,  or  later 
any  west-bound  emigrant  in  a  covered  wagon,  who  did  not  make  some  comment 
on  the  raiih  rs  seen  or  heaid  aboiu.  In  the  accounts  of  some  of  these  travelers 
may  be  found  the  first  expressions  of  some  of  the  myths  that  persist  to  this  day,  but, 
on  the  other  hand,  many  of  their  observation*  were  quite  accurate.  I  have  quoted 
only  a  few  of  these;  otliers  may  be  located  through  Miss  R.  V.  Medden's  work 
(1929-31) ,  from  which  1  should  acknowlec^  I  received  many  good  leads.  I  have 
also  used  many  dtations  called  to  my  attention  by  the  late  J.  Frank  Dobie. 

Til  is  brings  up  the  question  of  how  so  many  relatively  obscure  articles  were 
located.  Bibliographies  have  a  way  of  breeding  like  rabbits.  Each  new  item,  if  it 
hasn't  a  bibliography  of  its  own.  is  at  least  likelv  to  contain  a  reference  or  tw^o. 
Following  these  up  has  kept  me  flitting  from  library  to  library,  of  which  I  have 
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woikctl  in  man  tluin  ihii  tv — iiuinicipal,  nni\tisitv,  and  specialized.  Some  items  I 
never  succeeded  in  running  down.  Many,  whose  titles  were  attractive,  proved  to 
be  only  recompilations  of  material  previously  exploited  elsewhere. 

A  final  reiteration  on  the  bibliography:  The  references  listed  are  not  necessarily 
authoritative  or  accurate,  and  under  no  circumstances  should  the  inclusion  of  an 
item  be  taken  as  indicating  commendation  or  validity.  Indeed,  it  may  be  a  citation 
to  serve  as  an  example  of  inaccurate  reportii^.  Nor  is  it  claimed  that  the  list  is 
cither  well  rounded  or  exhaustive.  The  venom  and  snake-bite  phase  alone,  were 
completeness  possible,  would  require  a  bibliography  many  times  the  size  ot  the 
present  one. 

A  word  should  be  said  about  the  manner  of  citing  references.  I  he  method  of 
inserting  in  the  text — for  example,  Smith  (1931,  p.  61) — ^is,  I  think,  more  practical 
than  the  use  of  footnotes,  for  in  reading,  one  soon  learns  to  pass  over  sudi  a  cita- 
tion unless  it  be  desired  to  follow  it  up.  Thus,  footnotes  have  been  reserved  for 
incidental  asides,  and  these  lia\  e  been  kept  to  a  minimum.  Page  references  have 
been  given  whenever  possible;  how  often  have  I  boiled  over  when  searching 
through  a  non-]5aoe-(  ited  reference  for  a  rattlesnake  needle  in  a  vohmie  of  hav. 
Also  the  publication,  under  one  date,  of  an  observation  made  many  years  befoie 
but  not  then  printed,  has  been  explained  by  dual  date  entries  in  most  instances. 
However,  these  have  not  always  been  repeated.  I  trust  that  my  references  to  Pliny, 
1855-57,  such  being  the  dates  of  the  translation  I  have  used,  will  lead  no  one  to 
misunderstand  when  this  contemporary  of  Nero  really  lived,  for  he  died  in  the 
eruption  of  Vesuvius  that  destroyed  Pompeii,  a  victim  of  his  desire  for  authentic 
field  notes  on  an  active  volcano. 

Observations  at  the  Zoo. — Although  the  artificial  conditions  under  which  captive 
specimens  live  may  distort  their  behavior  patterns,  it  is  still  possible  to  gain  many 

facts  of  value  by  observing  them.  Of  this  we  have  taken  advantage  at  the  San 
Diego  Zoo,  where  thousands  of  rattlesnakes  of  many  species  have  passed  through 
our  hands  since  1922.  The  exhibit  series  at  the  Zoo  comprises  onlv  a  part  of  the 
many  spec  imens  kejit  under  observation.  Feeding  and  mating  liabits,  venom  \ields, 
shedding,  and  other  activities  have  been  recorded,  some  of  which  can  only  be 
studied  in  captive  specimens.  C.  B.  Perkins  and  his  successor,  Charles  £.  Shaw, 
who  have  been  in  charge  of  the  collection  since  1932,  have  been  unusually  suc- 
cessful in  simulating  natural  conditions,  and  their  efforts  have  been  rewarded 
with  new  records  of  longevity  and  of  breeding  in  capti\  ity.  Under  these  circum- 
stances many  original  or  confirmatory  data  on  rattler  habits  have  been  secured. 

Personal  Field  and  Laboratory  Experiences. — Occasionally,  in  judging  the  de* 
pendability  of  articles  on  rattlers,  I  have  wondered  about  the  extent  of  the 
experiences  of  the  authors  and  the  backgrounds  of  their  statements.  Since  many 
of  my  readers  may  mentally  raise  the  same  question  respecting  the  validity  of  this 
compilation,  I  trust  I  may  l)e  pardoned  for  sinnmari/ing  my  own  experience. 

I  Iiave  l)een  inteiested  in  rattlesnakes  lor  more  than  sixty  yt  ais  and  during  the 
past  tort)  have  put  in  whatever  spare  time  has  i)cen  availal>le  in  a  study  of  snakes 
in  general  and  rattlers  in  partiailar.  Some  of  this  work  has  been  in  the  field— for 
I  have  collected  extensively  in  the  Southwest— but  more  in  the  laboratory.  Al- 
though these  studies  have  been  largely  morpliological  or  taxonomic,  I  have 
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recorded  such  field  notes  as  have  (onie  my  way.  In  connection  with  these  studies, 
some  of  whicli  have  been  pubhsheti,  I  ha\e  accumulated  scale  counts,  color  notes, 
anil  measurements  from  about  12,()()()  i ntdcsnakcs,  ot  which  some  7,5(K)  were  pre- 
served in  my  own  study  collection,  recently  presented  to  the  San  Diego  So(  iety  of 
Natural  History.  These  large  series  have  been  useful  in  problems  of  subspecific 
differences  and  intrasubspecific  variation.  I  liave  seen  specimens  of  all  <^  the 
kinds  of  rattlesnakes  that  are  known  to  exist  today,  most  of  them  alive.  In  the 
course  of  a  venom-gatliering  program,  I  extracted  the  venom  from  somewhat 
more  than  five  thousand  Ii\c  rattlers. 

My  training,  however,  has  been  in  engineering,  rather  than  in  biology  or  inedi- 
cine,  and  my  lack  of  technical  training  in  these  fields  has  placed  certain  oij\  ious 
limitations  on  this  work.  Particularly,  the  reader  will  find  little-  on  the  physiology 
of  the  rattlesnakes,  a  subjec  t  thai  I  should  be  ill-equipped  to  discuss.  However, 
certain  features  such  as  fangs,  lungs,  squamation,  rattles,  male  organs,  and  others 
of  use  in  classification  and  phylogeny,  are  treated  in  some  detaiL 

Co-ordination  of  Data 

In  the  process  of  arranging  the  obser\'ations  and  bibliographic  references  that 
comprise  the  bulk  of  this  study,  the  most  important  preliminaries  were,  first  a  list 
of  the  subjects  to  be  treated,  and  secondly  the  decision  whether  to  group  the  data 
by  subjects  or  by  rattlesnake  species.  The  first  part  of  the  program  was  met  by 
the  preparation  ot  a  schedule  of  subjects,  together  with  numerical  guides.  Corre- 
spondents' field  notes,  bibliographic  references,  newspaper  clippings,  and  the  like, 
were  then  indexed  so  as  to  fell  into  their  proper  categories.  Some,  because  of  the 
diversity  of  subjects  discussed,  fell  into  many  categories. 

The  second  decision  involved  the  treatment  of  species  differences.  The  several 
species  of  rattlesnakes  vary  much  more  in  their  physical  characteristics  and  habits 
than  is  commonly  supposed,  and  it  is  quite  impossible  to  generalize  upon  them 
without  a  sacrifice  of  accuracy.  But  most  people  are  interesicd  in  rattlesnakes  as  a 
group  rather  than  in  their  species  differences.  Therefore  it  was  derided,  in  order  to 
make  the  data  more  readily  accessible,  to  discuss  characteristics  and  habits  as  far 
as  possible  without  reference  to  species  differences,  only  segregating  the  material 
by  spedes  when  made  necessary  by  the  extent  of  the  variations  between  species, 
as  in  such  subjects  as  size,  food,  habitats,  snake-bite  danger,  and  the  like.  And  even 
in  these  cases  I  have  first  generalized  with  respect  to  the  group  as  a  whole,  before 
listing  the  species  peculiarities.  In  the  subsequent  discussions,  species  l)y  species, 
some  repetition  has  been  inevitable,  but  it  is  only  by  this  means  that  a  reader,  bent 
on  seeking  the  life  history  of  a  single  species,  may  locate  tlie  material  desired. 

Editorial  Discretion 

Some  editorial  revision  has,  of  course,  been  necessary  in  quoting  my  correspond- 
ents;  their  permission  for  this  was  requested  in  advance.  Occasionally  the  observa- 
tions were  somewhat  un co-ordinated  or  repetitive;  these  I  ha\  c  rearranged.  It  has 
not  always  been  possible  to  break  a  statement  down  completely  by  subject  without 
losing  the  sense  of  what  the  writer  sought  to  convey,  so  some  o\erlapping  remains, 
some  commeiits  under  one  subject  being  really  applicable  to  another.  I  regret  this 
seeming  lack  of  consistency. 
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It  is  far  from  ni\  inicntion  to  liold  any  coi  rcsj^ondent  up  to  ridicule.  In  tlic  few 
instanccN  where  the  inclusion  of  an  obser\ation  of  fiighlv  doubtfid  character 
appears  desirable  to  illustrate  some  common  misundei^tanding,  the  name  of  the 
correspondent  has  been  omitted.  This  has  not  been  done  in  the  case  of  printed 
material,  however  inaccurate,  since  the  author  has  placed  himself  on  record. 

As  far  as  my  knowledge  of  the  subject  permits,  exaggeration,  sensationalism,  and 
emotionalism  have  been  avoided.  Rattlesnakes  are  too  interesting  in  themselves  to 
need  any  embellishment  in  the  telling. 

Of  (oiuse.  I  should  be  the  last  lo  claim  tliat  mv  chc)ice  of  (juotalioirs  from  my 
correspondents,  or  from  pre\iouslv  puljlisiied  articles,  has  been  entirelv  objective, 
lor  such  is  not  the  fact.  To  ha\e  failed  to  use  the  privilege  of  editorial  selection 
would  have  seemed  to  indicate  my  belief  in  many  a  now-discredited  myth  or  in 
some  interpretation  contrary  to  the  most  elementary  observation.  So  the  selection 
and  arrangement  of  material  has  been  largely  subjective — to  that  extent  I  may 
rightly  be  accused  of  stacking  the  cards — although  I  have  tried  to  validate  the 
position  taken,  through  the  corroborative  evidence  of  many  correspondents,  of 
the  published  statements  of  herpetologists  of  the  past  and  present,  or  of  laboratory 
experiments. 

Some  }>arts  of  this  hook  are  necessarily  technical.  I  ho|)e  that  tliis  w  ill  not  reduce 
its  usefulness  or  interest  to  the  nonspecialist — the  reader  who  has  only  a  casual 
curiosity  about  rattlesnakes  and  their  ways.  He  will  probably  find  it  convenient  to 
skip  certain  sections  and  even  entire  chapters— chapter  2,  for  example.  But  other 
chapters,  particularly  those  that  deal  with  the  relationships  of  rattlesnakes  and 
men,  such  as  those  on  rattlers  and  Indians  (c  hap.  16),  or  m\  ths  and  folklore  (chap. 
18),  and  on  how  to  avoid  being  bitten  (chap,  13),  will  be  found  relatively  non- 
technical, and,  1  hojie,  will  have  a  yjeneral  appeal.  Throua^hoiu  this  work  the 
word  ///)•///  has  l)een  used  in  the  popular  sense  of  any  unsubstantiated  or  inaccti- 
rate  belief,  idea,  or  theory,  without  implying  any  religious  connotation. 

I  have  tried,  as  far  as  possible,  to  make  ttie  index  appropriate  to  a  book  of  ref- 
erence. Unfortunately,  it  lias  generally  been  necessary  to  exclude,  except  in 
groups,  the  names  of  persons,  places,  and  Indian  tribes.  Since  each  kind  of  rattle- 
snake is  mentioned  from  twenty  to  many  hundreds  of  times,  it  has  been  impos- 
sible to  dte  every  mention  of  eac  h  sj)e(  ics.  lint  an  attempt  ha.s  been  made  to  cite 
the  more  imjx>t  lant  habits  and  characteristics  c^f  each. 

The  last  word  will  never  be  said  on  anv  of  these  problems  of  habits.  Too  many 
are  imperfec  tly  known;  and  even  where  the  knowledge  is  luial  and  complete,  it 
never  catches  up  with  the  myth.  Who  the  explorer  may  have  been  who  was  hrsi 
informed  by  some  Indian  that  a  rattler's  age  could  be  told  by  the  number  of  its 
rattles,  we  have  no  idea.  Soares  de  Sousa  heard  it  at  least  as  early  as  1587.  Its  truth 
was  exploded  early  in  the  1700's  by  investigators  who  found  that  a  snake  gets  a  new 
rattle  every  time  it  changes  its  skin,  and  that  it  does  this  oftener  than  once  a  yeai . 
and  that,  anyway,  most  adult  snakes  have  lost  an  indeterminate  number  of  rattles 
through  breakage.  Bm  the  facts  have  not  caught  uj)  with  the  myth,  to  judge  from 
expressic^ns  o\c  rheard  at  the  Zoo  reptile  house.  Most  people  still  think  the  rattles 
tell  the  age.  .And  so  it  is  with  the  other  myths,  the  tall  tales  of  the  campfire,  and 
nusundcrstood  ethnozoology.  I  hope  that  this  book  may  aid  the  reader  somewhat 
in  winnowing  rattlesnake  fact  from  fiction. 
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In  writing  this  book.  I  have  been  beset  with  a  constant  struggle  to  avoid  anthro- 
pomorphisms, tclcologisnis,  Lamarckiaiiisiiis,  and  all  the  other  pitfalls  that  afflict 
anyone  trying  to  describe  the  habits  ol  life  and  the-  diversities  in  form  of  such  a 
creature  as  the  rattlesnake.  Granted  that  no  raitkr  has  the  calculating  astuteness 
of  the  crafty  serpent  of  folklore  and  tradition,  it  is  equally  true  that,  in  its  pursuits 
of  food  and  self-preservation,  it  is  not  an  automaton  with  every  action  instinctive 
and  stereotyped.  The  diversity  of  its  responses  to  the  conditions  encountered,  some 
new  to  its  experience,  indicates  a  power  of  choice;  and  it  is  difficult  to  set  forth  the 
alternatives  that  may  be  chosen,  as  well  as  the  making  of  the  choice,  without  the 
use  of  verbs  that  suggest  thought,  such  as  "prefer,'"  "decide,  "  "adopt,"  "scled." 
and  similar  anthropomorphic  narcfitics.  \'et  a  strict  avoidance  of  these  i)itfalls 
tends  to  picture  a  creature  witlioui  llexihiliiv  of  action,  whose  every  response  can 
be  as  readily  predetermined  by  a  human  observer  as  the  stimulus  that  he,  the 
man,  may  impose  to  produce  it.  Such  a  circumscribed  creature,  it  seems  to  me,  is 
almost  as  different  from  a  true  rattlesnake  as  is  the  malevolent  and  calculating 
serpent  depicted  in  the  early  natural  histories.  A  rattlesnake  may  not  have  the 
power  to  \  isualize  an  objective  when  it  pursues  a  course  that  will  attain  one,  but 
at  least  it  has  the  power  to  make  an  unexpected  response  to  a  stimulus,  as  anyone 
who  fails  to  consider  such  a  possibility  may  learn  to  his  regret 
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INTRODUCTION 

It  is  sometimes  surprising  to  learn  the  extent  to  which  the  public  may  misunder- 
stand basic  terms.  Thus,  although  the  term  "rattlesnake"  is  one  familiar  to  every 
American,  it  is  astonishing  to  find  what  different  ideas  people  have  as  to  the  kinds 
of  creatures  that  are  included  by  the  term.  Some  think  all  snakes  are  rattlesnakes, 
others  that  all  venomous  snakes  are  rattlers.'  Some  believe  any  snake  that  vibrates 
its  tail  when  angry  or  alarmed  to  be  a  rattler,  although  in  reality  this  is  an  attribute 
common  to  many  kinds  of  snakes,  both  harmless  and  venomous.  To  obviate  this 
confusion,  and  to  permit  the  nonherpetologist  to  orient  himself  with  respect  to 
the  position  of  the  rattlesnakes  in  the  snake  world,  this  summary  is  presented. 

Classification  and  Nomenci-ature 

Animals  arc  classified  by  division  into  groups  of  successively  narrowing  scope.  Thus 
the  animal  kingdom  is  divided  into  a  few  main  groups,  first  into  phyla,  then  the 
phyla  into  subphyla,  and  these,  in  turn,  into  classes.  One  of  the  classes  of  the  sub- 
phylum  Vcrtebrata,  of  the  phylum  Chordata,  is  the  class  Reptilia,  which  includes 
all  the  reptiles,  living  and  extinct.  Following  down  the  line  of  increasingly 
resiricted  categories  toward  our  objective,  the  rattlesnakes,  we  find  the  subclass 
Diapsida,  then  the  order  Squamata,  and,  finally,  to  separate  the  lizards  from  the 
snakes" — for  both  are  included  in  the  Squamata — the  suborder'  Serpentes,  to 
which  all  snakes,  venomous  or  harmless,  belong.  Suborders,  in  turn,  are  divided 
into  families,  and  among  others,  under  Serpentes,  is  the  family  Crotalidae  or  pit 
vipers,  so  called  because  of  ihcir  possession  of  a  remarkable  sense  organ  visible 
externally  as  a  facial  pit,  placed  below  and  back  of  the  nostril.  By  this  family 

•  A  similar  idea  is  the  application  of  the  term  "garter  snake"  to  all  harmless  snakes  in  the  United 
Slates,  instead  of  specifically  and  properly  to  the  snakes  of  the  genus  Thamnophis. 

*Some  lizards  are  without  legs  and  look  like  snakes.  They  arc  differentiated  from  snakes  by  usually 
having  eyelids  and  external  ear  openings,  and  no  snake  has  either  of  these.  Also,  in  all  lizards,  the 
uvo  sides  of  the  lower  jaw  arc  rigidly  connected  together  in  front,  whereas  in  the  snakes  the  connec- 
tion is  nonbony  and  flexible. 

'  K.  P.  Schmidt  (1950,  p.  79)  prefers  to  raise  the  Squamata  to  the  level  of  a  supcrorder,  Ser- 
pentes being  correspondingly  elevated  to  the  status  of  a  full  order ,  as  is  also  Sauria  (the  liz- 
ards) .  Bcllairs  (1957,  p.  12H)  and  Dowling  (1959,  p.  39)  prefer  to  retain  .Sauria  and  .Serpentes 
as  suborders. 
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desi^iKHion,  the  pit  vipers  arc  si-grtj^autl  from  ilu-  iruc  \i[Kis  of  ihc  lainily 
Vi|x;riclae,'  which  have  no  pits,  and  which,  incidentally,  do  not  occur  in  the 
New  World. 

The  next  category  below  the  family  level  is  that  of  the  genus  (plural:  genera). 
As  our  narrowing  categories  are  now  bringing  us  dose  to  the  two  genera  of  rattle- 
snakes, their  position  with  respect  to  their  nearest  relatives  can  best  be  clarified  by 
recourse  to  table  1.1,  which  presents  a  summary  of  all  of  the  genera  belonging  to 

the  family  Crotalidae. 

Now  we  are  in  a  position  to  define  the  term  "rattlesnake"  properly.  Rattle- 
snakes are  pit  vipers— popular  name  for  tlie  whole  family  Crotalidae— belongnig 


TABLE  1:1 
The  Comfonekts  op  thb  Family  Crotauoab 


Genua 

Common  name 

I>btinciiiabin«  eharaelBriatica 

Hsbitat 

liattlesnakes 

With  rattles;  small  scales 

North  and  South 

on  crown 

America 

Massasaugas  and 

With  rattles;  large  plates  on 

North  America 

piginy  rattlesnakes 

erown 

Laehesia  

Bushmaster 

Withf)nt  raHlcs:  small  sfalcs 

Central  and  South 

on  crown;  small  scales 

America 

under  end  of  tail 

New  World  pit  vipers 

Without  rattlf's:  small  scales 

Mfxico  to  South 

on  crown;  large  scales 

America 

under  end  of  tail 

I'rimeresurus" . . . 

Asiatic  pit  vipers 

Without  rattles;  small  scales 

Asia 

on  crown 

Agkiatrodon*' . . , . 

IVIoccasins 

Witliout  rattles;  large  plates 

North  Arnoricn. 

on  crown 

southeastern 

Europe,  and  Asia 

■  Some  hcr|)ctologi$t$  include  both  (he  New  and  Old  World  snakes  in  the  tiiirie  genus  Trimeresurus.  Recent 
work  on  osteology  by  Ruu  (1931,  p.  109),  Biattstraid  (1964a.  p.  222).  and  otneis,  indkatn  the  propriety  of 
the  continued  separation  of  Bothrops  from  Trimenstmu.  Keys  by  which  these  genera  may  be  diSeientiated 

will  ho  found  in  chapter  2. 

>'  I      is  Miiiu  tinics  spelled  Ancistrodm.  I  believe  Agkistrodon  to  be  proper,  for  reasons  given  dsewhete 

(Klaubcr.  Utjti.  p.  12j8). 


*.Somc  htrpt'toloRists  (eg.  Romcr,  ]9r>(i.  p.  387.  Ik*llairs,  19.57,  p.  148:  Howling.  IH59.  p.  .W) 
split  the  pit  vipt'is  from  ihr  iriir  vip<  iN  ill  ihr  stilifiimily  Irvel.  liiiw: 

Family  X'ipcridac— all  \ipcrs 
.Siibifamily  Viperinae— tnie.  or  non-pit.  vipers. 
Subfamily  Crotaflnae— pit  vipers. 

I  ])!(  f(  r  (o  (onsidri  tlic  families  \'iptri«iaf  and  Ciotalid.ic  .ts  l>eing  separate,  r  uh  with  full 
family  slattis.  Such  authoiitiis  us  Johnson  (lO'W).  p.  fiX)  .  Sthniiik  (IO.'jO.  p.  S3).  Klciiunii  (HMil, 
p.  S65!)  ,  and  Brattslrom  (HHVIa.  p.  187)  concur.  The  use  of  the  word  "true."  in  referring  to  the 
vipers  without  pits  should  not  be  taken  to  indicate  that  ihcy  arc  more  properly  termetl  vipers 
than  those  with  pits.  Both  groups  are  vipers,  the  word  "true"  being  used  onlv  to  contrast  with 
"pit." 

''Several  genera  of  the  Vipcridac — Hitis,  Pseitdocerastes,  and  Lrislocophis — have  a  small  hidden 
cavity,  or  sac,  above  the  nostril  that  may  have  some  genetic  relationship  with  the  pit  of  the  pit 

vipers.  It  has  been  mentioned  or  discusvrd  l>v  Boulcnger  CI893-06,  vol.  p.  lO.Si,  Schmidt  I'lrno. 
p.  22H).  I'arker  (1932.  p.  222).  Malcolm  Smith  (1943,  p.  19).  and  Marx  and  Rahh  pp. 
ie9.  175.  181 -184). 
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to  the  genera  Crotalus  and  Sistrurus.*  They  are  foutnl  f)nly  in  the  Western  Hem- 
isphere. All  }x>sse$s  rattles.  All  are  venomous,  although,  by  reason  of  (iificvdic  <-s  in 
si/e  :in(l  ofhcf  ( hnni(  in  isf  irs.  tliric  is  :i  wide  diffrtfiKf  in  the  (Irirjcr  ol  (l.in<i<M" 
from  thcii"  bites.  All  aic  railur  licav\ -hodicd  and  have  broatl  heads.  They  aic  of 
various  colors  and  arc  marked  by  blottlus  or  by  cross  bands  aloni;  the  back.  I  lie 
plates  under  the  tail  are  mostly  in  a  single  series,  although  a  icw  plates  nuy  be 
split. 

But  above  all,  the  crucial  characteristic  that  distinguishes  rattlesnakes  from  all 
other  snakes— even  from  other  pit  vipers — ^is  the  possession  of  the  rattle.  This  is  a 

loosely  articulated,  but  interlocking,  series  of  horny  rings  at  tin-  end  of  the  tail, 
which,  when  vibrated,  produces  a  hissing  sound.  -Ml  rattlesnakes  have  rattles,  and 
no  other  kind  of  snake  has  them.  Xo  snake  is  a  rattlesnake  because  it  is  shaped 
like  a  raltkr,  or  Ixcause  it  lias  blotches  like  tliose  ol  a  raltlei,  or  l)e(ause  it  is 
\enonioiis,  or  becansc  it  is  found  among  rattlers,  or  because  it  will  coil  like  a 
rattler,  or  because  it  will  vibrate  its  tail  as  does  a  rattler.  Many  harmless  or 
venomous  snakes  have  some  or  all  of  these  characteristics,  but  lacking  rattles,  they 
are  not  rattlesnakes.  The  term  "rattler,"  as  used  in  this  book,  is  a  sliort  and  pop- 
ular synonym  for  rattlesnake;  the  term  "rattle"  refers  only  to  the  noise-making 
device  at  the  end  of  the  tail. 

All  rattlesnakes  have  rattles:'  e\cn  when  l)orn  they  have  a  l>lunt  segment  culled 
a  prebutton,  which,  although  soundless,  is  cpiite  diffcreiu  from  tlie  ])ointetl  tail 
end  of  olliei  \ouni;  snakes,  ft  is  tjuc  that  lately— ma)bc'  once  in  a  thousand— a 
rattler  is  found  that  ha.s  lost  the  end  of  its  tail  (including  the  rattle)  in  some 
accident.  In  most  such  instances,  could  the  history  be  known,  it  would  be  found 
that  someone,  for  a  trophy,  had  cut  the  rattles  off  what  he  thought  was  a  dead 
snake,  after  which  it  recovered.  But  in  such  cases  there  is  no  difficulty  of  identifica- 
tion because  of  the  short  stubby  tail  that  remains,  provided,  of  course,  that  it  has 
the  other  characteristics  of  a  rattlesnake. 

There  has  been  some  confusion  because  of  the  coverage  o(  tin  name  of  the 
family  (Crotalitlae).  which  includes  the  rattlesnakes;  it  has  been  misiakenly  be- 
lieved that  all  members  of  this  family  arc  rattlers.  It  is  true  that  the  family  name 
was  derived  from  the  name  {Crotalus)  of  one  of  the  two  genera  of  rattlesnakes,  but 
this  results  from  a  rule  governing  the  formation  of  family  names.  As  will  be  seen 
from  table  1:1,  only  two  of  the  six  groups  of  snakes  belonging  to  the  family 
Crotalidae  are  rattlesnakes;  none  of  the  others  deserves  the  name,  for  none  has 
rattles.  It  was  probably  this  misunderstandini;  of  the  application  of  the  family 
name,  and  reh-rencc  to  its  meml)crs  as  croialids,  that  led  to  t\\r  supposition  that 
there  are  rattlesnakes  in  India  (C^orbyn,  18^9,  p.  929;  Anon.,  1883,  p.  1209;  Neog, 
1951,  p.  I.v3),  which  is  contrary  to  fact. 

The  two  gencia  of  rattlesnakes,  Crotalus  and  Sistrurus,  differ  in  the  nature  of 

the  scales  that  cover  the  crown — the  forward  half  of  the  top  of  the  head.  In  Sistrurus 
this  area  is  covered  with  large  plates,  usually  9  in  number  and  regularly  arranged 
in  cross  rows  thus:  2 — 2 — 3 — 2*  from  front  to  rear  (fig.  2:86).  In  Crotalus  (fig.  2:87) 

'Btattstrom  (1964a.  p.  239)  considen  Crotatm  and  Sistrttrtts  to  be  subgenera  of  the  stngle 

genus  Croliiliis.  a  cLissiliration  whitli  I  tin  not  favor. 

'The  ^anta  Oaialina  Island  rattlesnake,  restricted  to  a  small,  nicky  island  u(f  the  cast  coast  of 
Baja  California,  usually  has  mAf  a  sfalgle  rattle  segment  which  covers  the  matrix  at  the  end  of 
the  tail.  There  is  no  loose  aq^ment  that  can  make  SI  xound.  Thii  species  will  hereafter  be  termed 
the  rauleless  rattlesnake. 
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ihc  crown  is  covered  by  small  scales,  particularly  from  the  eves  rearward,  akhous^h 
each  eye  generally  has  a  single  large  plate  (the  supraocular)  above  it.  Almost  never, 
in  Crotalus,  is  the  space  between  the  supraoculars  occupied  by  a  single  large  plate 
as  in  Sistrunts;  instead*  there  are  several  or  many  small  scales,  usually  quite 
irregularly  disposed,  ocxnipyii^  this  r^on. 

The  genus  Crotalus  is  the  more  important  of  the  two;  it  includes  the  most 
species,  the  largest  and  most  dangerous  snakes,  and  ranges  over  much  the  greater 
tcrrirorv.  lint  the  numbers  of  the  genus  Sistrurus  are  just  as  deserving  of  the  name 
rattlesnakes,  although,  to  tlistinguish  them,  they  are  generally  referred  to  as 
massasaugas  ami  piijniv  rattlesnakes.  Sometimes  they  are  called  ground  rattle- 
snakes, not  a  particularly  apt  name  as  all  rattlesnakes  are  ground  dwellers. 

The  next  lower  category  below  the  genus  is  the  species,  the  fundamental  unit 
of  the  divisional  system.  Each  species  is  given  a  name  composed  of  two  parts,  the 
first  indicating  the  genus  to  which  it  belongs,  the  second  the  specific  name 
applicable  only  to  that  species.  (Examples:  CroUilus  viridis  and  Sistrurus  catenatus.) 
Species,  in  turn,  for  the  purpose  of  further  segregation,  may  be  divided  into  sub- 
species or  races,  in  which  case  a  third  term,  the  subspecific  name,  is  added.  (Ex- 
amples: Crotalus  x'/ridis  nrei^anus  and  Sistrttnis  rntcfuitiis  trr{Trminiis.)  1  bus 
Crotalus  viridis  oreganus,  the  northern  Pacific  rattlesnake,  is  a  subspecies  oi  the 
more  inclusive  form,  the  western  rattlesnake,  Crotalus  viridis,  whidi  in  turn  is 
one  member  of  the  genus  Crotalus.  The  complete  technical  name  of  an  animal 
also  includes  the  name  of  the  original  describer  and  the  date  of  the  description, 
although  these  elements  are  often  omitted  in  nontechnical  articles,  or  where 
repetition  makes  the  complete  phrase  unnecessary.  (Example:  Crotalus  viridis 
nrei^anii.s  Tlolbiook.  IS  10.)  Often  in  longer  works,  where  the  same  sul)specics  is 
rejjeatedly  mentioned,  onlv  the  initials  of  the  (irst  terms  may  be  used  and  even 
these  are  omitled  it  there  is  no  sacrilicc  ol  ilai  iiy.  (Example:  C.  x>.  oreganus,  or, 
simply,  oreganus.)  There  is  a  rule  requiring  that  technical  names  below  the 
family  level  be  italicized.  Generic  names  are  alwa>s  capitalized;  specific  and  sub- 
specific  names — ^in  zoology,  but  not  in  botany — ^are  never  capitalized,  even  though 
derived  horn  proper  names. 

The  question  arises  as  to  how  species  and  subspecies  are  segregated:  Upon  what 
b;ises  are  they  dilleicntiated?-'  Spe(  ies  are  populations  that  interbreed  naturally; 
the\  (annoi  or  will  not  intei  hi  tcd  with  members  ol  atiother  spei  ies"  with  whidi 
they  niay  (oiijouuly  <m(  ujj)  a  ten  uor),  and  thus  each  preseiAcs  its  si  paraie  iden- 
tity and  genetic  integrity.  It  is  found  that  the.se  groups  ol  rattlers— these  species- 
differ  from  each  other  in  one  or  more  of  a  variety  of  ways:  In  adult  size,  in  bodily 
proportions,  in  male  organs,  in  pattern  and  color  (the  most  obvious  but  not  always 
the  most  valid  difference),  in  osteology  (especially  of  the  skull),  and,  finally,  in 
squamation — in  the  number  of  scales  in  certain  series,  and  in  their  relative  sizes, 
positions,  and  the  contacts  made  with  other  scales.  For  rattlesnakes — in  common 
with  other  snakes — arc  not  clothed  with  scales  hapha/ardly  an:mg( d  like  pebbles 
scattered  on  a  beach.  On  the  contrary,  within  each  sj)ecies  the  scales  follow,  with 
considerable  consistency,  certain  patterns  of  si/e,  number,  and  arrangement.  I  hcse 
scale  arrangements  and  counts  are  carefully  studied  to  find  species  differences, 
especially  to  see  if  there  is  some  particular  difference  that  will  serve  as  an  invariable 

"Rarely  there  may  he  crosshrecrdiiig  or  hybridi«ttinn,  especially  uiulci  (he  iniiiatiii.il  conditions 
of  captivity. 


CO|^y I lyt auo  i.idiCrial 


Status  15 

guide — a  key  character,  it  is  called — whicli  will  separate  the  indi\idiials  of  one 
species  from  all  others.  'I'he  key  character,  be  it  umiei stood,  may  be  only  one  of  a 
niHTiber  of  differences,  but  it  is  usually  the  one  most  readily  detected.  Key  char- 
acters are  seldom  infallible,  but  they  run  true  in  a  high  percentage  of  cases.  For 
example,  in  most  specimens  of  the  western  rattlesnake,  Crotalus  viridis,  there  are 
three  or  more  scales  (intemasals)  at  the  forward  end  of  the  top  of  the  snout  between 
the  nasal  plates,  whereas  all  other  rattlers  have  but  two.  It  should  perhaps  be 
noted  that  the  structural  characters  may  correspond  to  still  more  important  physio- 
logical differences,  some  of  which,  like  differences  of  l)lood  serum  and  of  venom, 
are  readily  discernible  by  experiment.  But  the  scale  differences  are  the  most 
practical  for  purposes  of  ( lassifuation,  and  most  identification  schedidcs  or  keys 
are  largely  based  on  them,  as  well  as  on  color  and  pattern.  Keys  of  this  type  will  be 
found  in  chapter  2. 

The  differentiation  betwen  the  sut>species  of  a  single  species  is  seldom  as  con- 
sistent and  clear-cut  as  tlie  differences  between  species.  And  even  where  the  sulv 
species  are  well  differentiated  (if  only  specimens  from  their  respective  centers  ot 
population  are  considered)  where  these  subs|)ecific  populations  approach  each 
othet  ten  itorialh,  their  differential  characters  will  no  longer  be  so  clearly  evi- 
dent. Aieasof  inierajradalion  arc  likeh  to  be  l>ic)ad.  with  subspecies  poorK  differ- 
entiated, where  ecological  clutn^ts  aic  also  i)road  and  .s;iadual.  Thus  in  these 
areas  of  intergradation  tlie  keys  will  not  always  be  tound  effective  in  allocating  a 
spct  imen  to  one  or  the  other  of  the  siibsj>ecies  concerned. 

A  List  of  Rattlesnake  Species  and  Subspecies 

The  list  of  rattlesnakes — that  is,  the  number  of  s]jecies  and  subspecies — is  con- 
tinually growing,  as  new  kinds  are  discovered  in  areas  hitherto  little  explored,  or 
as  species  are  divided  into  more  subspecies  through  the  recognition  of  previously 
unnoted  geographical  divergences  in  characters.  Nearly  half  of  the  subspecies  now 
accepted  have  been  described  within  the  last  55  years.  As  of  the  present  date,  SI 
existing  sj>ecies  and  70  subspecies  are  recognized.  Some  are  large,  dangerous 
snakes  while  others  are  small  with  a  less  serious  bite.  Some  are  foimd  in  consider- 
able numbers  near  populated  areas  or  are  distriliuted  over  wide  territories.  Otiiers 
arc  restricted  to  a  single  island.  Still  othcis,  ahliougli  found  on  tlie  mainland, 
occur  in  districts  difficult  of  access  to  naturalists  or  collectors,  so  that  only  one  or 
two  specimens  may  ever  have  been  seen  by  any  herpetol(^ist.  There  follows  a  list 
of  the  species  or  subspecies  of  rattlesnakes  at  present  recognized  as  being  valid: 

RATTLESNAKES  OF  THE  GENUS  CROTALUS 

C.  ftdatnafitciis  Heau\ois.  1799.  Eastern  lUamondback  ratilcsnake 
C.  fitrox  Baird  and  (.iiaid,  1853.  Western  cUamoncll)ac  k  lattlcMiake 
(',.  basilinis  hasilicus  ((ioj>e) ,"  18(H.  Mexican  west-coast  rattlesnake 
C.  basilicm  oaxacus  Gloyd,  19S6.  Oaxacan  rattlesnake 

C.  catalinensis  CHiff,  1954.  Santa  Catalina  Island  rattlesnake  or  rattleless  rattle^ 
snake 

"Tlic  iiisL'i  iiun  of  paK-nthcst-s  around  the  name  of  Uic  dcscribcr  indicates- that  he  originally 
anigncd  the  spcdcs  (or  subspecies)  to  a  genus  other  than  the  otic  in  which  it  is  now  placed. 
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C.  cerastes  (crastcs  Hiillowt  ll,  IS51.  Mojavc  Desert  sidewinder 
C.  crraslcs  crrcolx/mhus  S'd\A<^c  and  ClifF,  \9')?k  Sonoran  Desert  sidewinder 
C.  cerastes  lalcwrcpens  Klaubcr,  1944.  Colorado  Desert  sidewinder 
C.  durisstts  durissus  Linn^,  1758.  Central  American  rattlesnake 
C.  durissus  culminatus  Klauber,  1952.  Northwestern  Neotropical  rattlesnake 
C,  durissus  terrificti^  (Laurenti) ,  1768.  South  American  rattlesnake 
C.  durissus  totonacus  Gloyd  and  Kauffeld«  1940.  Totonacan  rattlesnake 
C.  durissus  tzabcan  Klaubcr,  1952.  Yucatan  Neotropical  rattlesnake 
C.  rriyo  rtiyo  (dope),  1861.  Lower  California  rattlesnake 
C.  euyo  ccrrali'i'iisis  CA\i\ ,  1951.  Cerralvo  Island  r.itilesnake 
C.  rnyo  fiin'us  Lowe  and  Xorris,  1951.  Kos.n  in  rattlesnake 
C.  exsul  Carman,  1883.  Ccdros  Island  diamond  rattlesnake 
C.  horridus  korridus  Linn^,  1758.  Timber  rattlesnake 
C.  horridus  atricaudatus  Latreille,  1802.  Canebrake  rattlesnake 
C.  intermedius  intermedins  Troschcl,  1865.  Totalcan  small-headed  rattlesnake 
C.  intcrnirdius gloydiTaylor,  1941.  Oaxacan  small-headed rattlesnnki 
C  inii'Tinrdiiis  ofnUfrtnafnis  Ci'mtliei,  IS!)5.  Omilteman  small-headed  rattlesnake 
lauuotni  ^  Muxt:]  ,  \        Amian  rattlesnake 

C.  h()i(lus  l('l)idns  (Kt'unuoii),  IStil.  Mottled  ro( k  lattlesnake 
C.  lepidus  klauberi  Gloyd,  193G.  Banded  rock  l  iiiilesnake 
C.  lepidus  morulus  Klauber,  1952.  Tamaulipan  rcxk  rattlesnake 
C.  mitchelUi  mitchellii  (Cope),  1861.  San  Liican  speckled  rattlesnake 
C.  mitchellii  angelensis  Klaiiber,  1963.  Angel  de  la  Guarda  Island  speckled  rattle- 
snake 

C.  tnitclu'llii  tnncrtcmis  Klauber,  1949.  El  Muerto  Island  speckled  rattlesnake 

C.  mitchellii  pyrrhus  (("ope) ,  ISGti.  Sontlnvestcrn  speckled  rattlesnake 

C.  jiiildifUii  stcpfunisi  Klanber.  19.^0.  Panamint  lattlesnake 

C.  molossus  inolossus  Baird  and  Ciirard,  1853.  Noi  tliern  black-tailed  rattlesnake 

C.  molossus  cslrhafu'itsis  Klauber,  1949.  San  Esteban  Island  rattlesnake 

C.  molossus  nigrcscrris  Gloyd,  1936.  Mexican  black-tailed  rattlesnake 

C.  polysticlus  (Cope),  1865.  Mexican  lance-headed  rattlesnake 

C.  pricei  pricei  Van  Denburgh,  1895.  Western  twin-spotted  rattlesnake 

C.  pricei  miquihuanus  Gloyd,  1940.  Eastern  twin-s|)Otted  rattlesnake 

C  pttsiHus  Klaidicr,  1952.  Tancitaran  dusky  rattlesnake 

C.  riibri  ruber  Cope,  1892.  Red  diamond  rattlesnake 

C.  ruber  lucasensis  Van  Denburgh,  1920.  San  Lucan  diamond  rattlesnake 
C.  scutJilatus  scutulatus  (Kennicott),  18()1.  Mojavc  rattlesnake 
C.  scutulutus  sulvini  Gunther,  1895.  Huaniantlan  rattlesnake 
C.  stejnegeri  Dunn,  1919.  Long-tailed  rattlesnake 
C.  tigris  Kennicott»  1859.  Tiger  rattlesnake 

C.  tortugensis  Van  Denburgh  and  Slevin,  1921.  Tortuga  Island  diamond  rattlesnake 

C.  tratisx'ersusT'zyior,  1941.  C^ross-bandcd  mountain  rattlesnake 

C.  triseriatus  trisrriatus  (Waaler),  1830.  Central-plateau  dusky  rattlesnake 

C.  triseriatus  aqullus  Klauber,  195L'.  Oueretaran  dusky  rattlesnake 

C.  unicolor  Van  Lidth  de  juede.  1887.  Aruba  Island  rattlesnake 

C  vegrandis  Klauber,  1941.  Uratoan  rattlesnake 

**See  footnote  7»  page  13. 
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C.  viridis  inridis  (Rafines(iiic),  1818.  Prairie  rattlesnake 

C.  nlridis  abyssiis  Kl;uil)rr,  1930.  Grand  Canyon  rattlesnake 

C.  x'iridis  caligiiiis  Klaulicr,  1919.  Coronado  Island  rattlesnake 

C.  viridis  cerbenis  (Coues),  1875.  Arizona  black  rattlesnake 

C.  viridis  conro/or  Woodbury,  1929.  Midget  faded  rattlesnake 

C.  viridis  helleri  Meek,  1905.  Southern  Pacific  rattlesnake 

C.  viridis  lutosus  Klauber,  1930.  Great  Basin  rattlesnake 

C.  viridis  nuntiusKlauhcr,  1935.  Hopi  rattlesnake 

C.  T         nrriranus  Holhrook,  1840.  Northern  Pacific  rattlesnake 

C.  willardi  willardi  Mct  k,  1905.  .Arizona  ridge-nosed  rattlesnake 

C.  xvill/irdi  aniahilis  Anderson,  1!)()2.  Del  Nido  ridge-nosed  laiilesnake 

C.  willardi  tiicridioiuilis  Klaubci",  1949.  Soutliern  ridi;e-nosed  rattlesnake 

C.  willardi  stlus  Klauber,  HH9.  W  est  (ihiimaliua  ridge-nosetl  rattlesnake 


RATTLESNAKES  OF  THE  GENUS  SISTRURUS 

S.  catcnatitji  caieualus  (Raiinesquc) ,  1818.  Eastern  nuissiisauga 

5.  catenattts  edwardsii  (Baird  and  Girard),  1853.  Desert  massasauga 

5.  catenattts  tergeminus  (Say) ,  1823.  Weston  massasauga 

S.  miliarius  milianus  (Linn^) ,  1776.  Carolina  pigmy  rattlesnake 

S.  miliarius  barbouri  Gloyd,  1935.  Dusky  pigmy  rattlesnake 

S.  miliarius  slrcckeri  Gloyd,  1936,  Western  pigmy  rattlesnake 

5.  ravus  (Cope) ,  1865.  Mexican  pigmy  rattlesnake 

It  will  be  observed  that  there  are  only  two  pojndar  names  that  do  not  involve 
the  use  of  the  term  "rattlesnake";  these  are  "sidewinder"  and  "massasauga."  The 
name  sidewindei  is  deii\cd  from  the  snake's  jxculiar  method  of  trawling.  The 
term  massasauga  is  said  to  h;!V('  been  d(  ri\etl  ironi  ihf  Mississauga  Indians  and 
Mibsi-ssaiiga  (also  spelled  .Mississagi)  River,  in  Ontario.  Cianada.  .Applied  to  this 
species  of  rattlesnake,  and  spelled  massasaugua,  it  was  used  as  early  as  1838  by 
Kirtland  (p.  190),  who  said  it  was  a  popular  name  for  this  rattler  at  that  time. 
Ingeinsoll  (1883a,  p.  35)  and  Atkinson  and  Netting  (1927,  p.  40)  state  that  the  name 
was  derived  from  two  Chippewa  Indian  words  meaning  "great  river  mouth."  Pre* 
sumably,  this  would  have  reference  to  the  swampy  habitat  of  both  the  Mississauga 
Indians  and  this  species  of  rattlesnake. 

Venomous  Snakes  in  the  United  States  Other  than  Rattlesnakes 

Thus  ist  I  have  pointed  out  the  eatery  in  which  the  rattlesnakes  fall  as  members 

of  the  family  Crotalidac,  and  have  listed  the  nonrattler  genera  in  that  family,  as 

well  as  the  rattlesnakes  themselves.  Another  approach  is  justified — a  glance  at  the 
position  of  the  rattlesnakes  in  relation  to  the  other  \enomous  snakes  found  in  the 
Ihiited  .Slates.  For  rattlesnakes  are  not  the  only  poisonous  snakt  s  in  the  rniied 
States,  although  it  is  true  that,  as  a  group,  they  are  the  most  widespread,  the  most 
prevalent  in  numbers,  and,  because  of  the  size  attained  by  some  species,  tlie  most 
dangerous. 
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The  distinction  between  the  world's  venomous  and  harmless  snakes  is  neither 

as  sharp  nor  as  easy  to  ascertain  as  is  often  pt  cs timed.  There  is  no  ready  means  of 
telling,  from  a  superficial  examination,  whether  a  snake  is  venomous.  Not  all 
poisonous  snakes  are  heavy-bodied  with  broad,  triangular  heads,  as  is  commonly 
supposed.  On  the  contrary,  some  very  dangerous  snakes  abroad — the  mamba  of 
Africa,  the  Indian  cobra,  the  Australian  tiger  snake,  for  examples — are  not  greatly 
different  in  form  from  our  harmless  racers  and  bull  snakes.  But,  fortunately,  in 
the  United  States  there  is  a  ready  means  of  identification  applying  to  all  of  our 
dangerously  venomous  snakes  except  one  group — ^the  coral  snakes.  The  rest,  in- 
cluding the  rattlers,  are  all  pit  vipers,  and  have  the  characteristic  facial  opming 
below  and  behind  the  nostril  which  gives  them  tliat  name.  In  this  country,  as  is  the 
case  everyw'here  except  in  Australia,  the  harmless  snakes  greatly  outnumber  the 
venomous,  both  in  number  of  kinds  and  in  number  of  indi\  iduals. 

1  have  already  commented  on  the  lack  of  a  sharp  distinciion  between  harmkss 
and  poisonous  snakes.  1  here  are,  in  tliis  country,  as  in  many  others,  snakes  that  are, 
technically  speaking,  venomous,  but  which  are  quite  harmless  to  man.  They  have 
venom  glands  and  fai^,  but  the  fangs  are  located  in  the  back  instead  of  in  the 
front  of  the  upper  jaw.  The  fangs  are  short  and  arc  grooved,  rather  than  hollow. 
In  consequence,  they  can  only  be  imbedded  in  things  of  relatively  small  diameter, 
such  as  lizards  and  the  other  small  creatures  upon  which  these  snakes  feed,  and 
they  must  chew  the  victim,  rather  than  merely  biting  it,  to  get  the  venom  into  the 
wound.  The  largest  of  tlu  s(  back-fanged  species  found  in  the  United  States  and 
their  ranges  here  are  as  follows: 

Trirnorpftodon  lambda  Cope,  18H().  Sonoran  Ivre  snake.  Southwestern  Utah, 

soutlu  in  Nevada,  and  southeastern  Calilornia,  southeast  through  central  and 

southern  Arizona,  to  soiulnvesiern  New  Mexico. 
Trimorphodon  vatidenburglii  Klauber,  192-1.  C^alifoniia  lyre  .snake.  Coastal  and 

desert  southern  California. 
Trimorphodon  vilkinsoni  Cllope,  1886.  Texas  lyre  snake.  Extreme  western  Texas 

and  south-central  New  Mexico. 
Lepiodeira  septentrional  is  septentrionalis  (Kennicott),  1859.  Texas  cat-eyed 

snake.  Extreme  soutlieni  Texas  . 
Co7iiop})am's  imperialis  impenalis  (Kennicott),  1859.  Black-banded  snake.  Extreme 

southern  Texas. 

Oxybclis  aencus  auratus  (Bell),  1825.  Mexican  vine  snake.  Extreme  southern  Ari- 
zona. 

There  are  other,  still  smaller,  back-fanged  snakes  in  the  United  States  that  I 
have  omitted;  their  bites  coidd  not  be  serious  to  man. 

As  I  have  said,  1  doubt  whether  the  bite  of  any  of  these  back-fanged  species,  be- 
cause of  their  inefficient  venom-injecting  mechanisms,  could  be  serious  to  a  man 
unless  he  deliberately  put  a  finger  in  the  snake's  mouth  and  allowed  the  snake  to 
chew  it.  I  hope  that  my  indusion  of  these  relatively  rare  snakes  in  this  list  of 
venomous  snakes  will  not  lead  to  the  killing  of  a  lot  of  quite  harmless  and  useful 
creatures.  In  some  0]d-W(M*ld  countries  there  are  back-fanged  snakes  whose  bites 
can  be  fatal. 
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In  passing  on  to  the  really  dangerous  snakes  of  the  United  States,  it  may  be 

obsened  that  the  most  striking  thing  about  venomous  snakes,  and,  in  a  way,  the 
most  important,  is  not  the  venom  itself  but  the  efficient  means  for  injecting  it. 
True,  the  venom  in  some  species  is  ex(e<Hlinglv  powerful,  and  if  injected  into  the 
blood  stream  of  a  victim  produces  disastrous  results.  But  this  is  true  of  many  pro- 
tein substances,  the  white  of  an  egg,  for  example,  or  the  blood  of  an  unrelated 
animal.  Alcock  and  Rogen  (1902,  p.  446;  see  also  Noguchi,  1909,  p.  51;  Winton, 
1916,  p.  477;  Marie  Phisalix  and  Caius.  1916,  p.  21 S;  1917.  p.  S7;  Bragg,  I960, 
p.  121)  found  the  parotid  secretions  of  certain  harmless  snakes  to  be  decidedly 
toxic.  But  they  are  harmless  because  tiiey  lac  k  the  means  for  its  injection.  And  so 
among  the  venomous  snakes,  particularly  the  true  vi|>ers  and  pit  vipers,  the  most 
ama/ing  dcvelo|)mciu  is  not  so  much  the  Ncnom  as  the  iiighly  specialized  means 
for  its  injctiion  into  the  prey— that  is,  the  M-iiom  glands,  ducts,  and  fangs,  which, 
together,  comprise  natural  hypoclermii  syringes  of  great  efficiency. 

One  fre<}uently  hears  the  statement  that  there  are  four  "kinds"  of  dangerously 
venomous  snakes  in  the  United  States— coral  snakes,  copperheads,  water  mocca- 
sins, and  rattlers.  This,  however,  is  a  rather  inaccurate  way  of  putting  it,  for  if  we 
group  the  coral  snakes  together,  or  the  rattlers,  we  ought  likewise  to  group  the 
moccasins — the  copperhead  and  water  moccasin — since  these  two  are  more  nearly 
related  to  eac  h  other  than  are  some  of  Che  coral  snakes  to  each  other,  or  some  of 
the  rattlers  among  themselves. 

The  nunil)er  of  kinds  of  dangerously  venomous  snakes  that  there  arc  in  the 
United  States  depends  on  the  interpretation  of  "kinds."  On  the  family  level  there 
are  two — the  Elapidae  and  Crotalidae  (coral  snakes  and  pit  vipers).  On  the  generic 
level  there  are  five— Micrurttf,  Micruroides,  Agkistrodon,  Sistrunis,  and  Crotaltu, 
If  we  pass  on  to  the  spedes  level  there  are  no  less  than  19,  and  of  subspecies  there 
are  42  venomous  kinds  in  the  United  States,  counting  only  the  front-fanged  forms. 
At  no  level  are  there  four,  except  in  the  application  of  common  names. 

To  complete  this  account  of  the  front-fanged  venomous  snakes  in  our  country, 
I  list  those  that  are  not  rattlers: 

Micrurus  fulvius  fulvius  (Linn6),  1776.  Eastern  coral  snake.  From  southern 

Florida  north  to  North  Carolina,  and  west  to  the  Mississippi  River. 
Micrurus  fulvius  barbouri  Schmidt,  1928.  Soutli  I'lorida  coral  snake.  Extreme 

southern  Florida. (The  validity  of  this  subspecies  is  questioned  by  Dueliman 

and  Schwartz,  1958,  p.  315)  . 
Micrurus  julvius  iencrc  (Haird  and  (»irard) ,  1853.  Texa.s  coial  snake.  Arkan.sas  to 

southern  Texas. 

Micruroides  euryxanthus  euryxanthus  (Kennicott) ,  1860.  Arizona  coral  snake. 
Southern  Arizona,  southwestern  New  Mexico,  extreme  western  Texas,  and 
southwestern  Utah;  the  last  is  to  be  considered  a  doubtful  locality. 

Agkistrodon  contortrix  contortrix  (Linne),  1766.  Southern  copperhead.  Eastern 
Texas  to  North  Carolina. 

Agkistrodon  contortrix  mokasen  (Beauvoii>),  1799.  Northern  copjjcrhead.  Eastern 
Kansas  and  Nebraska  to  Massacliusetts. 

Agkistrodon  contortrix  laticinctus  Gloyd  and  Conant,  1934.  Broad-banded  copper- 
head. Central  Texas  to  southern  Kansas. 
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Agkistrodon  cnntortrix  pictigaster  Gloyd  and  Conant,  1913.  Trans-Pecos  copper- 
head. I  i  ans-Pcc  OS  Texas. 

Agkutrodon  piscivurus  piscivoriis  (LuLcpcdc),  1789.  Eastern  cottonmouth  moc- 
casin. Southeastern  Vii;ginia  to  southern  Florida  and  west  to  eastern  Missis- 
sippi. 

Agkistrodon  piscivorus  leucostoma  (Troost),  1836.  Western  cottonmouth  moccasin. 
Southern  Texas  and  Mississippi  Valley,  north  to  southern  Illinois. 

Tlie  coral  snakes,  wliirh  arc  allit  d  to  the  cobras  of  tlie  Old  World,  have  a  powt  r- 
ful  venom.  However,  they  are  usually  inild-teinpered  creaiures.  and  their  lau^s 
are  relatively  .short;  such  a((  idcnis  as  have  occmred  have  nearly  always  resulted 
from  carelessly  and  even  roughly  handling  them.  Allen  and  Merryday  (19 10,  p.  239) 
mention  a  man  who  carried  a  coral  snake  in  one  hand,  not  knowing  it  was  dan- 
gerous, while  driving  a  car  several  miles  with  the  other.  These  are  pretty  snakes 
and  their  harmless  appearance  constitutes  their  greatest  danger.  They  are  not  so 
important  a  ha/ard  in  the  United  Slates  as  is  often  supjjosed  because  of  tlieir 
relationship  witli  ilie  cobras  of  the  Old  World.  Out  ot  101  latalities  from  snake- 
bite in  the  I'nitcd  States  during  the  ten-year  period  19.50-1!).')'.),  only  two  wi-re 
caused  by  coral  snakes  (Parrish,  IDG^a,  p.  .  See  also  .Neill  (1'.).57,  p.  Ill)  and 
McCullough  and  Gcnnaro  (19G3b,  p.  938) .  1  he  Ariitona  coral  snake  is  smaller 
than  the  species  occurring  from  Florida  to  Texas.  The  few  human  cases  of  the 
bite  of  M.  e.  euryxantkus  that  are  known  indicate  that  a  bite  may  possibly  be 
serious*  despite  the  diminutive  size  of  the  aiake. 

The  cottonmouths  and  copperheads  have  much  the  same  shape  as  rattlesnakes, 
except  that  they  are  without  rattles  and  have  tapering  tails.  The  bite  of  a  cotton- 
mouth is  about  as  dani;eroiis  as  that  of  a  rattlesnake  of  similar  si/e.  Tlu"  bite  of  a 
copperhead  is  painlul  and  recjuiics  ircatnienl,  l)ut  human  fatalities  caused  by  this 
snake  are  extremely  lare.  In  the  ten-year  pericnl  1950-1959,  none  oi  the  101  fatal- 
ities from  snakebite  in  the  United  States  resulted  from  a  copperhead  bile, 
although  many  people  had  been  bitten  by  them  (Parrish,  1965a,  p.  3(>) . 

Rumors  of  other  kinds  of  dangerously  venomous  snakes  in  various  parts  of  the 
United  States  are  occasionally  heard,  such  as  an  escaped  colony  of  Australian  tiger 
snakes  or  Indian  cobras  on  the  Pacific  Coast,  or  a  mysterious  viper  called  the 
"pichicuatc"  in  the  southwestern  states.  1  here  is  no  foundation  for  any  of  these 
stories,  most  of  which  are  based  on  a  misidcntification  of  harmless  snakes. 

CiONFUSION  RECARDINC  RATTLESNAKES 

I  mentioned  initially  a  rather  widespread  confusion  that  exists  with  regard  to 
rattlesnakes.  I  did  not  have  in  mind  any  uncertainty  respecting  the  taxonomic 
position  of  the  rattlers  among  the  venomous  snakes  or  a  confusion  between  spades 

of  rattlers.  1  hesc .  after  all,  are  problems  for  the  specialist.  What  I  had  in  mind 
was  the  inability  of  m  un  persons  to  distinguish  rattlers  from  quite  harmlm snakes, 
or  from  other  kinds  ui  venomous  snakes;  in  other  words,  an  uncertainty  as  to  just 

what  is  a  rattlesnake. 

This  contusion  between  su])posed  rattlesnakes  and  the  real  thini^  niav  ha\e  \ari- 
oiis  important  consequences.  It  leads  to  the  killing  of  harmless  snakes  having  con- 
siderable economic  value,  and  whose  destruction  may  actually  increase  the  rattle- 
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snake  population  bee  ausc  there  will  then  be  fewer  harmless  snakes  competing  with 
the  rattlers  for  food.  It  leads  to  serious  complications  in  snake-bite  cases,  for  the 
proper  treatment  of  rattlesnake  bite  is,  in  itself,  a  painful  procedure,  and,  if  un- 
necessarily ihkU  i  taken,  puts  the  patient  to  great  discomfort  and  some  hazard.  Fur- 
ther, the  psyc  liological  etfec  is  of  the  bite  of  a  harmless  snake  mistaken  lor  a  rattler 
may  be  quite  serious.  Such  cases  are  well  authenticated  in  the  medical  literature. 
In  one  instance  in  San  Diego  County,  a  man  bitten  by  a  harmless  gopher  snake — 
which  he  thought  was  a  rattler — almost  died  of  shock.  Kahn  (1942,  p.  288)  believes 
that  a  considerable  proportion  of  fatalities  from  snake  bite  in  India  are  caused  by 
shock  rathei  than  \  eiioni,  owing  to  difficulties  of  identification  and  a  quite  errone- 
ous belief  there  that  all  snakes  are  venomous. 

Finally,  these  mistakes  of  identification  arc  the  bane  of  the  snake  specialist.  He 
gets  reports  of  the  presence  of  rattlers  in  areas  where  they  presumably  never  existed, 
or  have  long  since  been  exterminated,  and  when  he  runs  these  down  the  only  c\i- 
dence  usually  found  is  the  smashed  body  of  some  harmless  snake.  Bogert  (1948b, 
p.  187)  reported  that,  during  the  previous  10  years,  of  nearly  100  snakes  that  were 
brought  into  the  American  Museum  of  Natural  History  on  the  supposition  that 
they  were  venomous,  actually  only  9  proved  to  be,  induciii^  one  rattler  and  2 
copperheads.  At  San  Diego,  where  no  venomous  snakes  other  than  rattlesnakes 
occur,  it  is  surprising  how  many  specimens  are  brought  to  the  zoo  as  rattlesnakes, 
that  prove  to  be  harmless  species.  Kenneth  C.  Johnson,  a  police  official  at  Sacra- 
mento, who  investigated  complaints  by  citizens  that  there  were  rattler.s  on  their 
premises,  found,  out  of  10  reports,  that  only  2  were  really  rattlesnakes;  the  remain- 
ing 8  were  harmless  gopher  snakes.  Some  of  the  inaccurate  field  notes  on  rattle- 
snakes are  based  on  observations  of  quite  different  snakes  that  were  mistaken  for 
rattlers.  No  doubt  a  few  of  my  correspondents  may  have  been  misled  in  this  way, 
but  I  think  most  of  them,  by  reason  of  their  outdoor  vocations,  were  beyond  makii^ 
such  mistakes. 

Much  of  tlie  confusion  as  to  just  what  a  rattlesnake  is,  arises  from  two  sources — 
a  misunderstanding  concerning  the  dispositions  and  actions  of  harmless  snakes, 
or  a  misa]jj)li(  ation  of  names. 

Many  persons  think  that  all  venomous  snakes  arc  aggiessive,  or  even  vicious  and 
vindictive  creatures,  whereas  harmless  snakes  are  thought  to  be  kindly  and  timid. 
So,  when  they  see  a  harmless  garter  or  bull  snake  go  through  all  the  actions  usually 
attributed  to  a  rattler,  such  as  coiling  and  striking,  flattening  the  body  and  hissing, 
and  even  vibrating  its  tail — which,  if  done  among  dry  leaves,  makes  a  fair  imitation 
of  a  rattle — they  jump  to  the  conclusion  that  the  snake  is  a  rattler,  or  at  least  a 
close  relative,  even  though  it  lacks  the  telltale  ajipendage  on  the  tail.  This  is  the 
source  f)f  the  widespread  myth,  particularly  prevalent  in  the  intcrmoiuitain  states, 
to  liic  elle(t  that  llie  ralticis  have  iiilcibrcd  with  hull  snakes,  producing  n  pe- 
culiarly vicious  and  dangerously  venomous  offspring.  The  fact  that  the  bull  snake 
is  blotched  adds  Co  the  fancied  resemblance  to  the  venomous  one  of  the  mythical 
parents.  But  there  is  not  the  slightest  indication  that  such  a  hybrid  has  ever  been 
produced  or  is  possible." 

"  It  is  unfortunate  that  a  mppoaedly  authoritative  work  should  increase  this  confusion  by  the 
misuse  of  a  common  tenn  for  a  certain  kind  of  venmnous  snake,  as  is  done  when  it  refers  to  the 
hannteas  bull  or  gopher  snake  as  "a  handaome  viper.'*  I  refer  to  Ameriam  Guide  Series:  Idaho 
(19S7,p.l80). 
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As  a  matter  of  fact,  many  harmless  snakes,  when  cornered,  will  put  on  just  as 
spectacular  a  posture  of  defense  as  any  rattler — more  so,  in  fact,  since  the  threat  is 
purely  a  bluff,  not  backed,  as  is  the  rattler's,  by  any  really  potent  weapon.  The  red 
racer,  for  example,  is  generally  quite  aggressive,  biting  fiercely  on  the  slightest 
provocatiofi.  But  the  bite  is  hannless — ^no  more  serious  than  a  series  of  pin  pricks. 
A  Gomered  gopher  or  bull  snake  is  the  picture  of  a  vindictive  and  dangerous  crea- 
ture. It  coils  and  vibrates  its  tail,  and  lunges  repeatedly  at  any  intruder.  It  hisses 
violently,  having  a  peculiar  construction  of  the  epiglottis  that  accentuates  the 
sound.  This  frightening  pose  will  quite  convince  an  observer  that  so  ferocious  an 
animal  had  best  be  let  alone,  which  is  exactly  its  purpose.  But  it  is  all  bluff;  and 
the  dilfcrence  between  being  struck  by  a  gopher  snake  and  a  rattler  is  the  differ- 
ence between  being  hit  by  two  falling  objects — a  feather  in  one  case,  a  safe  in  the 
other. 

Part  of  the  confusion  arises  from  a  misunderstandii^  to  the  effect  that  the  rattle 
is  not  always  present.  Some  of  the  early  naturalists  advanced  the  theory  that  rattle- 
snakes do  not  get  their  first  rattles  until  they  attain  their  third  year  (Clayton,  1693, 
p.  126).  Others  had  been  told  by  Indians  that  only  the  males  have  rattles  (J.  F.  D. 
Smyth,  1784,  p.  108);  and  still  others  thought  that  rattlers  were  without  their 
rattles  during  part  of  each  year.  Whoever  might  believe  this  woidd  have  no  trouble 
in  con\  incing  himself  that  some  threatening  but  harmless  snake  on  the  defensive 
was  a  rattlesnake  without  rattles. 

Another  cause  of  confusion  is  the  failure  of  the  supposed  criteria  for  segi  egaiing 
venomous  snakes — ^particularly  rattlers — ^Erom  the  harmless:  the  broad  head,  thidt 
body,  and  vertical  pupil.  Since  these  characteristics  are  also  possessed  by  many 
harmless  snakes,  confusion  is  inevitable. 

A  further  source  of  misunderstanding  of  what  a  rattlesnake  really  is,  lies  in  the 

misapplication  or  misunderstanding  of  popidar  terms.  For  example,  in  some  areas 
certain  harmless  snakes  arc  known  as  rattlesnake  pilots  (sec  under  myths,  p.  1275) 
and  this  is  often  followed  by  confusion  with  the  rattlesnakes  themselves.  In  other 
sections  of  the  country,  not  only  arc  all  small  rattlesnakes  called  sidewinders — 
although  they  are  not  the  true  ridewinder,  or  homol  rattlesnake,  of  our  south- 
western deserts — but  even  some  harmless  snakes  become  known  as  sidewinders, 
and  therefore  are  confused  with  rattlesnakes.  In  still  other  areas,  all  snakes  that 
vibrate  their  tails  when  alarmed — a  common  habit  of  many  harmless  snakes,  as 
well  as  venomous  snakes  other  than  rattlers — are  popularly  known  as  "ground 
rattlesnakes"  (Strecker,  1935,  p.  27). 

Much  more  readily  understood  and  excused  are  the  confusions  between  \arious 
species  and  subspecies  of  rattlesnakes.  Since  professional  lici  pciologists  sometimes 
experience  difficulty  in  distinguishing  between  them,  or  in  agreeing  upon  their 
proper  classification,  there  need  be  no  wonder  that  foresters,  hunters,  and  fisher- 
men should  have  the  same  trouble.  So  it  is,  that  in  places  where  two  or  more  species 
of  rattlers  are  found  together — and  there  are  scnne  places  where  as  many  as  5  or  6 
occur — there  is  often  confusion  between  them,  accentuated  by  the  inexact  use  of 
common  names.  It  is  equally  true  that  in  some  areas  where  there  is  only  a  single 
kind  of  rattler,  many  persons  believe  thete  are  two.  because  of  fancied  or  actual 
variations  in  average  size,  temperament,  color,  or  pattern.  For  example,  John  .Muir 
thought  there  were  two  species  in  Tuolumne  Canyon,  California,  evidently  be- 
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cause  of  the  difference  between  the  brightly  colored  jmeniles  and  the  duller  adults 
(Wolfe,  1938,  p.  344).  As  a  matter  ot  fact,  only  the  northern  Pacific  rattlesnake 
(C.  V.  oreganus)  occurs  there. 

Distinguishing  Venomous  from  Harmless  Snares 

The  difficulties  of  distinguishing  venomous  from  harmless  snakes  are  by  no  means 
confined  to  rattlesnakes;  quite  the  contrary,  for  the  rattlesnake,  through  possession 

of  the  rattle,  is  the  most  easily  recognized  of  all  venomous  snakes.  It  is  unfortunate 
that  there  is  not  sonic  simple  criterion  by  whic  h  the  jioisonous  character  of  any 
venomous  snake  might  be  made  readily  apparent,  but  there  is  none.  As  a  matter 
of  fact,  there  is  no  sharp  line  dividing  the  venomous  and  liarmlcss  forms,  for,  as  I 
have  mentioned  before,  snakes  pass  by  degrees  from  the  purely  harmless  through 
the  back-fanged  species,  some  of  tlie  laigest  of  which  are  definitely  dangerous,  to 
the  front-fanged  and  die  folding-fanged  snakes,  to  which  groups  nearly  all  of  the 
really  dangerous  species  belong.  But  even  of  these  there  are  some  that,  because  of 
small  size,  short  fangs,  mild  \enom.  or  like  reasons,  produce  hardly  as  serious  a 
result  as  a  bee  sting.  One  point  shoidd  be  understood — that  none  of  the  popular 
criteria  such  as  a  broad,  triangular  head,  a  heavy  body,  cat's  eyes  (vertical  pupils),  a 
flat  body,  or  rough  scales,  are  safe  criteria,  since  there  are  both  harmless  and  dan- 
gerous snakes  known  with  any  or  all  of  these  characteristics.  Occasionally,  in  some 
restricted  district,  the  particular  snake  fauna  found  there  may  permit  the  use  of 
some  such  simple  rule,  but  this  is  rarely  the  case.  The  only  unfailing  method  is  an 
examination  of  the  snake  for  hollow  or  grooved  fangs  and  venom  glands,  and  even 
this  will  not  disclose  the  degree  of  the  danger  from  its  bite. 

As  early  as  1796,  P.  Russell  (p.  vi)  pointed  out  that  it  was  difficult  to  get  accurate 
information  about  Indian  snakes  because  of  a  confusion  of  names  and  descrip- 
tions. Nicholson  (1871.  p.  158)  said  that,  in  India,  neither  the  natives  nor  Knglish- 
men  could  distinguish  venomous  from  harmless  snakes.  This  is  a  common  diffi- 
culty in  most  countries  wliere  there  are  many  dilterent  kinds  of  snakes.  It  is  not 
unusual  to  find  that  harmless  snakes,  through  some  imaginary  attribute,  are  more 
feared  than  those  that  are  truly  dangerous;  and  resemblances  to  venomous  snakes, 
either  fancied  or  real,  are  the  source  of  much  confusion.  Because  of  the  colors  of 
their  rings,  in  California  the  hxig-nosed  snake  (Rhinocheilus) ,  the  mountain 
kingsnake  (Larnpropeltis  zonata),  and  tlie  sliovel  nosed  snake  (Chionactis) ,  are 
all  feared  as  coral  snakes,  alttiough  no  true  coral  snake  occurs  in  diat  state. 

The  Use  of  Common  Names 

I  shall,  in  discussing  the  rattlesnakes  in  the  succeeding  diapters,  use  common 
names  to  indicate  the  several  species,  usually  following  this  vrath  the  technical  name 
as  well.  I  do  this  in  recognition  of  the  fact  that  most  people  dislike  technical  names, 
partly  because  of  unfamiliarity  with  them,  but  also  because  their  use  is  deemed 
an  academic  affectation  upon  the  part  erf  scientists.  The  latter  is  far  from  being 
the  case.  On  the  contrary,  technical  names  are  preferred  because  their  composite 
nature  indicates  certain  relationships,  and  because  tliey  are  more  stable  and  pre- 
cise. For  there  is  a  code  of  rules  and  an  international  authority  goveining  their 
promulgation  and  use.  True,  an  occasional  name,  because  of  the  conditions  sur- 
rounding its  original  application,  may  be  the  subject  of  some  uncertainty  and  dis- 
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putc:  but,  by  and  large,  the  great  body  of  naturalists  in  any  field  agree  upon  almost 
all  the  technical  names  applied  to  the  animals  they  study. 

With  respect  to  popular  names,  on  the  other  hand,  there  is  no  order,  agreement, 
or  stability.  At  least  as  far  as  herpetology  is  concerned,  no  recogniied  authority 
has  yet  stepped  in  to  recommend  a  coK>rdinated  set  of  names  for  adoption.'^ 
Thus  each  author  is  free  to  adopt  any  that  he  chooses;  and  although  he  may  con- 
scientiously try  to  follow  the  suggestions  of  his  predecessors  and  (olleagues,  he  is 
beset  with  duplications,  untcrtainties,  and  confusions,  complicated  by  local 
usages.  For  example,  the  snake  that  1  call  the  northern  Pacific  rattlesnake  (('ro- 
tahis  xnridis  orc^(inits)  is  \  arioiisly  known,  in  diliereni  parts  of  ( ^.dilornia.  as  the 
black,  bla<  k  diamond,  diamondl)a(  k,  green,  gray,  mounlain,  loc  k,  and  timber 
rattlesnakes,  to  mention  only  a  few  of  its  names.  And,  worse  yet,  a  quite  different 
snake  occurring  in  Florida  is  better  entitled  to  the  name  "diamondback"  than  is 
oregantUj  and  still  another  in  the  eastern  United  States  is  generally  and  properly 
called  the  timber  rattlesnake.  Otlier  examples  may  readily  be  cited.  Atkinson  and 
Netting  (1927,  p.  40)  list  the  following  narne^  as  being  applied  to  Sistmrus  rate- 
natus  catenatus:  massasauga,  black  snapper,  swamp  rattler,  pigmy  rattler,  black 
massasauga,  black  rattler,  prairie  rattler.  The  last  name,  although  qin'te  generally 
applied  to  this  snake  in  the  central  ])art  of  its  range  (Lyon  and  Hishoj),  1936, 
p.  253)  ,  is  a  j)a)  t  ic  ularh  i)ad  choice  since  it  is  tin*  iisualh  acc  epted  name  of  a 
quite  diltcrent  Miakc,  Crotalus  viridis  viridis,  which  ranges  throughout  the  Mis- 
souri River  basin.  A  similar  confusion  is  contained  in  Branson's  Snakes  of  Kansas 
(1904,  p.  355) .  Geare  (1905,  p.  137)  says  tliat  S.  c,  catenatus  is  sometimes  called 
the  sideliner  or  sidewiper  because  of  its  habit  of  wriggling  sideways.  Even  as 
definite  and  well-earned  a  name  as  that  of  the  true  sidewinder  (Crotalus  cerastes) 
—so  called  because  of  its  peculiar  method  of  crawling— is  now  generally  misap- 
})licd  to  the  young  ot  almost  any  western  raiilei.  In  fact,  a  recent  poll  at  tlie  San 
Diego  Zoo  showed  tliat  the  name  is  considered  by  many  to  be  a  nickname  lor  any 
rattlesnake. 

These  multiplications  and  confusions  of  names  are  by  no  means  new.  In  1653, 
Jonstonus  (p.  26)  listed  the  following  alternative  names  for  the  South  American 
rattlesnake:  boicininga,  boiquira,  cascavella,  tangedor,  teutlacocauhqui,  and  do- 

mina  scrpentum. 

This  conflict  of  names  I  shall  try  to  surmount  by  adopting  for  the  purposes  of 
this  book  the  set  of  popidar  names  already  jjreseutc  cl  in  this  chapter.  These  I  shall 
employ  consistently  in  deference  to  those  who  preter  tfieni  to  the  Latin  names.  But 
often  I  shall  use  both  names  with  the  idea  of  achieving  defuiitencss  and  also  to 
increase  the  reader's  familiarity  with  the  technical  names.  In  some  cases — tabula- 
tions, for  example — tedmical  names  are  essential  for  condensation;  compare  for 
instance  "C.  m.  pyrrhus"  with  "southwestern  speckled  rattlesnake,"  or  "ruber'' 
with  "red  diamond  rattlesnake."  In  some  of  the  more  technical  sections  of  this 
book,  I  have,  for  the  sake  of  clarity  and  brevity,  used  technical  names  almost 
exclusively. 

'Lhis  matter  of  rattlesnake  names,  and  the  use  of  methods  wheicbv  the  same 
creature  will  be  identified  by  the  same  name  by  everyone,  is  by  no  means  solely  of 


"Such  a  s(andardi/cd  list  of  names  has  now  been  supplied  fui  Uic  aiiipliibians  and  icpnics 
found  in  the  United  States.  (See  Conant.  Committee  Chairman,  1956,  p.  17^ . 
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academic  interest.  Where  several  sF>eciesof  rattlesnakes  occur  together  in  a  locality, 
it  might  be  of  gicat  value  to  a  physician  treating  a  ca^c  to  know  which  one  had 
caused  the  bite.  In  the  liiture,  suake-bite  treatment  will  iiuieasingly  recogni/e  the 
great  differences  in  venom  quality  among  ilie  several  species  ot  rattlesnakes,  as  well 
as  other  species  differences  affecting  the  gravity  of  the  bite. 

Many  other  kinds  of  snakes  are  confused  by  a  similar  lack  of  standardization  of 
names.  For  example,  both  harmless  and  venomous  snakes  are  known  as  water 
moccasins  (Yarrow,  1883,  p.  263;  Coleman  and  Gratacap,  1897,  p.  311).  Wright 
(1950,  p.  141)  has  listed  the  common  names  applied  to  the  snakes  of  the  United 
States,  and  has  shown  the  extent  of  the  confusion  and  overlapping  that  exists  in 
the  use  of  such  names. 

Some  of  the  matters  of  identification  and  names  that  1  have  discussed  arc  com- 
mentcd  upon  by  sev  eral  of  my  correspondents: 

There  are  tnanv  lakes  and  slrcams  near  here,  and  near  them  arc  water  and  bull  snakes.  A 
great  many  people  see  some  of  these  harmless  snakes  and  mistake  them  for  rattlesnakes. 
Jack  I.  Groom,  V.  S.  Forest  Service,  Lnkemew,  Oreg. 

Even  common  harmless  snakes,  as  the  fo\  snake,  are  frequently  mistaken  for  rattlers,  and 
tailed  in  some  parts  of  Ontario,  the  hardwood  rattler.  The  hog-noscd  snake  is  often  killed 
throughout  the  northeast,  and  is  called  a  copperhead.  Some  people  recently  killed  a  snake  oui 
in  the  center  ot  Long  Island,  where  rattlesnake*  were  to  be  found  a  generation  ago,  and 
thought  it  was  a  rattlesnake,  but  it  proved  to  be  only  a  harmless  milk  snake.  H.  £.  Miller, 
Stratford.  Cumt. 

The  enormous  numbers  of  Natrix  sipedon  (a  harmless  water  snake)  whicfi  wc  saw  on  Stony 
Island  may  have  something  to  do  with  the  tales  told  of  massasaugas  supposed  to  be  there.  The 
natives  will  not  go  lua  >  t  h  e  island  for  fear  of  snakes.  But  we  got  only  five  rattlers  in  a  full  day's 
earnest  search.  Cordon  L.  Walts,  Ann  Arbor,  Mich. 

Of  course,  these  confusions  of  names  and  identifications  represent  only  a  small 
part  of  the  misunderstandings  and  exaggerations  that  have  obscured  our  knowle<l^ 
of  the  rattlesnakes  from  the  earliest  days.  Some  have  resulted  from  such  fantastic 
statements  as  these: 

A  traveller,  wandering  in  the  burning  deserts  of  .Africa,  and  fainting  under  the  power  of  a 
vertical  sun.  who  hears  the  roai  itip  of  a  famished  tiger  furious  for  prcv,  and  who  has  no  means 
either  of  escape  or  defence,  feels  not  greater  dread  than  when,  passing  through  the  vast  forest 
of  the  warm  and  humid  regions  of  the  New  World,  he  scents  the  abominable  fetor  of  the 
boiquira'*  hears  the  terrifying  noise  of  its  portentous  rattle,  and  observes  it  ready  to  spring 
upon  him,  from  amid  the  verdant  foliat^c  and  brilliant  flowers  of  these  delightful  solitudes. . . . 
licrc  [in  France]  we  have  no  dreadful  serpent  to  infect  with  its  mortal  venom,  the  water,  in 
which  it  swims  with  fodlity;  the  trees,  whose  boughs  it  glides  over  with  agility;  the  earth, 
whose  caverns  it  fills  ivith  its  hideous  form;  the  solitary  woods  where  it  exercises  the  same 
sanguinary  swav  as  the  tiger  in  its  hnrning  deserts,  and  in  the  obscurity  of  which  its  prey  is 
more  cerlainly  exposed  to  its  envenomed  tooth.  Lactpidc,  17SS-S9,  vol.  2,  pp.  390,419;  trans- 
lation hy  Kerr.  1902.  vol  4.  pp.  24$.  277. 

The  ratdesnake  is  among  the  most  deadly  enemies  of  all  creatures,  ii  he  cannot  swallow  an 
animal  he  will  Inte  it.  and  death  is  the  penalty  in  both  cases.  Buffalo  Jones,  frontiersman, 
quoted  by  Inman  (1899,  p.  179). 

In  subsequent  chapters  we  shall  review  the  real  character  oi  the  rattlesnake,  the 
reptile  to  which  Virginia  Duncan  (1915,  p.  167)  rcfened  as  "the  snake  without  a 
friend." 

A  name  for  the  rattlesnake  of  South  America. 
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Anyone  having  only  a  casual  interest  in  rattlesnakes,  particularly  it  concerned 
primarily  with  Iiow  and  where  they  live,  should  ^kip  this  chapter  or  read  only 
its  introduction.  To  conform  to  a  plan  of  logical  development,  it  has  been  neces- 
sary to  place  this  information  on  the  classification  and  identification  oi  the  dif- 
ferent kinds  of  rattlesnakes  ahead  of  the  more  interesting  material  on  their  habits. 
Classification  is  necessarily  technical*  and  a  reader  of  this  chapter,  too  early  in 
his  perusal  of  the  book  as  a  whole,  might  well  be  discouraged  by  these  tedmi- 
calities,  and  might  leap  to  the  conclusion  that  all  sections  of  the  book  are  equally 
spccialii^cd  and  complex.  He  will  find,  I  hope,  that  such  is  not  true.  Therefore 
1  suggest  that,  if  he  is  a  beginner  in  herpetology,  he  do  little  more  than  skim 
through  the  pages  of  this  chapter,  to  learn  only  enough  about  its  contents  so 
that  he  will  know  where  to  find  what  he  seeks,  if  he  wishes  subsequently  to  study 
the  taxonomy  of  these  creatures  or  to  identify  a  particular  specimen.  I  believe, 
however,  that  even  the  most  desultory  reader  will  find  interest  in  the  photographs 
of  some  of  the  different  kinds  of  rattlesnakes  and  the  maps  that  show  where  each 
kind  is  found. 

The  notable  differences  and  variations  that  exist  among  the  rattlesnakes — 

differences  in  size,  color  and  pattern,  habits  and  habitats — arc  discussed  in  other 
chapters  of  this  hook.  Charat  lei  istics  and  features  obser\  ed  in  one  species  of 
rattler  are  not  necessarily  found  in  others.  Even  in  sucli  an  important  practical 
matter  as  the  danger  inherent  in  rattlesnake  bite,  generalities  arc  of  little  value, 
because  diflEerences  in  rattlesnake  size  and  venom  potency  will  materially  affect 
the  outcome. 

To  anyone  having  even  a  superficial  interest  in  rattlesnakes,  an  ability  to  dis- 
tinguislt  betwf  cn  the  several  kinds  would  naturally  be  the  first  subject  of  inquiry. 

Elsewhere  i  have  given  some  data  on  colors  and  patterns,  and  on  the  peculiarities 
of  scalation  tiiat  charatteri/e  some  foims  of  rattlesnakes.  Rut  to  identifv  a  par- 
ticular snake  recjuires  the  application  of  certain  mcthoils  ot  lecognition;  it  would 
not  be  feasible  to  read  a  succession  of  descriptions  and  select  the  one  best  fitting 
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the  specimen  at  hand.  It  is  true  that  in  s<Miie  areas,  where  only  one  species  is  to  be 
found,  the  clas«.ification  ran  be  based  on  geography,  I)ut  this  is  not  usually  the  case. 

A  schedule  calling  atiention,  successi\cly,  to  ihc  particular  characters  in  which 
the  several  species  differ  is  called  a  key.  The  purpose  of  a  key  is  to  offer  the  user 
a  series  of  alternative  courses,  whicli,  if  accurately  selected,  will  ultimately  desig- 
nate the  particular  subspecies  to  whidi  any  individual  snake  being  identified 
belongs.  However,  before  presenting  such  keys,  I  deem  it  necessary  to  touch  on 
certain  matters  of  nomenclature  and  taxonomy. 

When  this  book  was  originally  begun  in  1945,  it  was  to  have  been  of  limited 
scope — ^it  was  not  expected  to  go  beyond  the  habits  of  the  western  rattlesnake 
(Crotnhis  t'iridis)  and  its  several  subspecies.  At  that  time  I  hoped  that  technical 
terms—  including  the  use  of  the  technical  names  of  the  snakes  themselves — could 
be  minimized.  However,  as  the  work  was  expanded,  I  found  it  increasingly  dif- 
ficult, if  clarity  and  accuracy  were  to  be  retained,  to  adhere  to  this  program.  And 
when  it  comes  to  the  identification  of  rattlesnakes,  technical  terms  are  essential. 
Superficially— in  pattern  and  color  particularly— some  rattlesnakes  are  more  like 
individuals  of  other  subspecies  than  they  are  like  fellow  members  of  their  own 
subspecies  from  other  areas.  For  example,  the  Mojave  rattlesnakes  (C.  s.  scutulatus) 
of  the  Antelope  Valley  and  the  western  Mojave  Desert  in  California  look  more 
like  the  northern  Pacific  rattlers  (C.  v.  oreganus)  of  the  southern  San  Joaquin 
Valley  than  they  resemble  the  Mojave  rattlers  of  the  mountains  of  central  Arizona; 
similarly,  the  San  Joaquin  \'allcy  snakes  look  more  like  the  Mojave  rattlers  than 
they  do  like  their  own  relatives — that  is,  other  northern  Pacifies — from  the  nearby 
Sierra  Nevada.  But  the  true  relationships  are  quickly  disclosed  by  noting  certain 
differences  in  squamation  (scale  numbers  and  arrangements)  between  Mojave 
and  northern  Pacific  rattlers.  These  scale  differences  are  in  no  way  conspicuous, 
and  technical  terms  must  be  employed  in  connection  with  their  use  in  keys. 

Elsewhere  (p.  23)  I  have  explained  why  it  has  been  necessary,  for  the  sake  of 
clarity  and  consistency,  to  utilize  technical  (Latin)  names  for  the  several  rattle- 
snake species  and  subspecies.  This  is  espccialK  true  in  the  piesent  chapter  on 
classification  and  ideniilicaiion,  where  defuiiienc  ss  and  brevity  are  essential. 

1  he  data  presented  in  this  taxononiic  section  include  the  following  parts: 

A  clieck  list  setting  forth,  by  subspecies,  ttie  technical  and  vernacular  numcs  of  all  the 
subspecies  now  recognixed;  alio,  an  abbreviated  synonymy  (a  sort  oC  historical  summary  of 
the  technic. ii  nanus  that  have  been  suggested  for  the  subspecies)  and  the  geograptdcal 

range  of  c;ich  sul)S|)ccic>i. 

A  condensed,  alphabetically  arranged  synonymy  giving  the  present  status  of  each  techiucal 
name;  and  (separately)  an  alphabetical  index  from  which  the  technical  name  applicable 
to  any  common  name  may  be  ascertained. 

A  srt  of  ilhistratcd  krvs  to  the  rattlcsnaltes.  segregated  into  several  g^raphical  areas. 

prefaced  by  a  suitable  glossary. 

Geographic  distributl<m  tables  (by  states,  provinces,  and  so  on)  segregated  into  the  same 
geographical  divisions  as  the  keys. 

Tables  showing  the  numerical  ranges  of  certain  characters  of  each  subspecies. 

Only  general  geographical  ranges  can  be  given,  whether  in  the  check  list,  the 
geographical  tables  that  accompany  the  keys,  or  the  maps.  Rarely  is  any  kind  of 

rattlesnake  found  uniformly  distributed  throughout  an  area,  for  these  snakes 
are  much  affected  by  ecological  conditions.  Some  are  restricted  to  the  higher 
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mountains,  others  to  rocky  foothills  or  plains.  Some  kinds  have  been  largely  or 
entirely  exterminated  about  cities  or  in  areas  of  intensive  agricultural  develop- 
ment that  they  onto  occupied.  So  these  range  delineations  are  intended  to  outline 
the  territories  within  which  a  subspecies  occurs,  but  not  necessarily,  or  even  usually, 
are  they  to  be  expected  everywhere  within  that  boundary. 

A  CHECK  UST  OF  THE  RATTLESNAKES* 

This  check  list  of  existing  rattlesnakes  is  arranged  alphabetically  by  species  under 
eadi  of  the  two  genera,  with  the  subspecies  in  alphabetical  order  under  each 
species,  ex<%pt  that  the  type  or  nominate  jtiibspenes  is  given  first. 

No  attempt  has  been  made  to  compile  a  complete  synonymy.  The  following 
entries  are  made,  to  the  extent  applicable,  under  each  form: 

The  technical  name  as  rccogniied  at  this  time 

Thf  rccommciulcd  vernacular  name 

I  hc  earliest  mention  of  the  form  under  consideration,  based  on  an  allocation  to  the  ter- 
ritory it  is  now  linown  to  occupy 

Subsequent  designations  of  the  form  under  names  applied  prior  to  the  name  now  recog- 
nized, if  such  names  wore  generally  accepted 

The  earliest  mention  of  the  name  now  accepted,  in  its  originally  cited  form,  with  type 
locality  and  type  specimen 

The  earliest  citation  of  each  synonym  or  homonym  in  its  originally  dted  form,  with  type 
locality  and  type  s|Kcimcn 

The  earliest  allocation  to  the  proper  genus  if  originally  assigned  to  another 

The  first  dtation  of  the  name  as  presently  recognized.  If  two  citations  of  the  same  name 
are  given,  the  serond  lejiresents  either  a  hrnader  or  more  restricted  roverage. 

The  geographical  range  of  each  subspecies.  I  hese  are  given  only  in  general  terms.  Ranges 
may  be,  and  often  arc,  quite  discontinuous,  depending  on  local  ecological  conditions.  Thus 
scattered  colonies,  rather  than  uniformly  distributed  populations,  are  of  frequent  occurrence. 

To  find  the  present  allocation  or  status  of  any  tedinical  name,  whether  or  not 
valid,  consult  the  condensed  alphabetical  synonymy,  p.  101.  To  find  the  technical 
name  ctmrespmiding  to  any  common  name  see  p.  104. 

Only  such  of  the  references  cited  as  have  other  than  taxonomic  interest  are 
included  in  the  general  bibliography  at  the  end  of  the  book,  since  students  inter- 
ested in  nomenclature  will  readily  recognize  the  references  in  the  abbreviated 
form  of  the  citations  in  this  clieck  list. 

Minor  emendations — for  example,  the  substitution  ol  tcmficus  lor  terrifica, 
or  oregonus  for  oreganus — are  not  recognized  by  separate  entries.  If  a  subsequent 
author  has  allocated  a  name  to  a  spedes  or  subspecies  not  contemplated  by  the 
original  describer.  such  transfer  is  not  recognized  in  the  synonymy  of  the  sub- 
stituted  species.  For  example,  tlie  application  of  the  name  concolor  to  tigris  is  not 


'  The  following  are  the  major  changes  in  this  clieck  list  as  compared  with  that  published  in  the 
first  edition  of  this  book.  New  species  added:  Crotalus  lannomi  Tanner,  1966.  Crotalus  vegrandis  is 
now  considered  a  full  species,  not  a  subspecies  of  C.  duHsius.  New  subspecies  added:  Crotalus 
milchcllii  angelensis  Klaubcr,  1963;  Crolnlw:  xriUardi  amabiUs  Anderson,  1%2.  Re  ostahlishcd 
subspecies  added:  Crotalus  intermedius  gloydi  laylor,  1941;  Crotalus  viridts  concolor  Woodbury, 
1929  (replacing  CroUilus  viridU  dtcoht  Klauber,  19S0);  and  Sistrurus  eafenatiu  edwardgii  Bahd 
and  Giraxd,  1853. 
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recognized  by  an  entry  in  tlie  synonymy,  for  this  name  was  originally  intended  to 
describe  a  subspecies  c|uitc  distinct  from  iigris. 

If  :i  name  as  ori,t;inall\  used  was  clearly  composite — for  example,  C.  boquira 
Lacejxclc,  1789 — it  has  been  entered  only  under  the  present  species  most  strongly 
indicated,  in  this  example  as  a  synonym  of  horridus,  rather  than  under  both  hor- 
ridus  and  terrificus.  Often  sudi  allocations  are  based  in  part  upon  the  usages  of 
subsequent  authors. 

If  real  doubt  remains  as  to  the  proper  applicability  of  certain  names — lor 
example,  horridus,  durissus,  and  terrifictis — I  have  followed  the  assignments  in 
general  use  during  the  past  twenty-five  vears. 

The  validation  of  nomuin  riuda  as  synonyms  are  traced  by  appropriate  foot- 
notes. Secoiularv  homonyms,  involvin<^  the  temporary  and  inaccurate  assignment 
of  a  nonrattlesnakc  to  the  genera  Sistyurm  and  Crotalus,  or  of  a  rattlesnake  to 
some  other  genus,  have  rarely  occurred,  probably  because  of  the  conspicuous 
character  of  the  rattle  itself.  However,  future  authon  would  do  well  to  avoid 
describing  new  rattlers  under  such  names  as  orienteUis  and  piscivorus, 

I  have  been  somewhat  inconsistent  in  the  treatment  of  island  forms.  Many 
taxonomists  adhere  to  the  strictly  objective  and  easily  applied  rule  that  a  sub- 
specific  designation  must  involve  the  actuality,  or  at  least  the  possibility,  of  exist- 
ing intergradalion,  which  most  island  forms  clearly  lack.  But  consistently  to 
apply  this  rule  causes  a  loss  in  the  value  of  nomenclature,  insofar  as  the  latter 
can  indicate  relationships.  Thus,  for  example,  if  the  island  form  estebanemis 
is  considered  a  full  species,  its  name  will  indicate  no  closer  relationship  to  molossus 
than  to  atrox  or  mitchellii.  Yet  its  derivation  from  molossus  is  so  evident,  and 
the  extent  of  its  morphological  divergence  from  molossus  molossus  so  moderate, 
that  the  adoption  of  the  subspecific  name  C  uioJossns  t'strbtmensis  has  a  real 
practical  value.  So,  in  a.ssigning  the  names  of  island  subspecies,  1  have  been 
guided,  not  by  the  possibility  of  intergradation,  of  w  hich  dearly  there  is  none,  but  by 
the  extent  of  the  di\ci!;ciue  from  the  corresponding  mainland  form.  This,  ex- 
plains my  recognition  of  tortiigrnsis  antl  cxsul  as  full  species  in  spite  of  their 
obvious  relationships  to  atrox  and  ruber,  respectively,  i  he  hitter  is  admittedly  a 
borderline  case;  future  authors  may  prefer  the  names  C.  exsul  ruber  and  C.  exsul 
lucasensis  for  the  mainland  forms  {exsul  being  an  older  name  than  ruber).  The 
diveigence  of  tortugensis  from  atrox  seems  wider  than  that  of  exsul  from  ruber. 

In  the  case  of  some  Mexican  and  other  mainland  forms,  of  which  adequate  col- 
lections are  not  at  hand,  I  have  adopted  subspecific  relationships  where  such  are 
indicated,  even  though  the  lack  of  specimens  from  critical  intermediate  areas 
leaves  intergradation  improved.  Again,  this  has  been  done  for  the  purpose  of 
indicating  probable  relationships. 

Abbreviations  Used  in  the  Designation  of  Type  SpsaMENS 


BM  British  Mtneum  (Natuxal  History),  London 

Bremen  Naturhistoristhcn  Museums,  Bremen 

BYU  Brigham  Young  University,  Provo 

CAS  California  Academy  of  Sciences,  San  Francisco 

Chi.Acad.  Chicago  Academy  of  Sdencea 

CM  Cam^e  Museum,  Pittsburg 
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LMK 
MGZ 

Milan 
MVZ 
MZUM 
PANS 

SDSNH 


CNHM 
EHT  HMS 


Lcydcn  Mus. 


Stanford 


Taylor 

USNM 
Utah 


Chicago  Natural  History  Museum  (formerly  Field  MuMUm) 
Private  collection  of  E.  H.  Taylor  and  H.  M.  Smith 
Rijksmuseum  van  Natuuriijke  Historic,  Leiden 

Private  collection  of  L.  M.  Klauber.  San  Diego,  now  transferred  to  SDSNH 

Museum  of  Comparative  /.oology.  Harvard  Univeitity 
Museo  Civico  di  Storia  Naturalc,  Milan 

Museum  of  Vertebrate  Zoology,  University  of  California.  Berkeley 

Museum  of  Zo5logy,  University  of  Michigan,  Ann  Arbor 

Academy  of  Natural  SLicnccs  of  Philadelphia 

Natural  History  Museum,  San  Diego  Society  of  Natural  History 

Natural  Histor)'  Museum,  Stanford  University,  now  transferred  to  CAS 

Private  collection  of  E.  H.  Taylor 

United  States  Xntional  Museum,  Washil^On 

Univenity  of  Utah,  Salt  Lake  City 


Genus  Crotalus  Linn^ 


1758.  Crotalus  Linnt-,  Syst.  Nat.,  cd.  lU,  p.  214.  Type  honidia,  conlirmed  by  Opinion  92,  Int. 
Comm.  Zo6l.  Nomen.  Sec  alan  Direction  S6.  p.  SS6.  I9S6.  and  Direction  57,  p.  374,  Opinions 

and  Orders,  vol.  1. 

1764.  Crotalophorus  Houttuyn,  Natuur.  Hist.,  vol.  6,  part  1,  p.  290.  Type  horridus. 

1768.  Caudisona  Laurenti,  Synops.  Rept.,  p.  92.  Type  terrificus,  by  page  priority. 

1818.  Crotaftnttf  Rafinesque.  Amer.  Month.  Mag.  &  Crit.  Rev.,  vol.  S.  no.  6.  p.  416.  Type  cyanurus 

(=  horridus). 

]920.  Crotalurm  Rafinesque,  Annals  of  Natim  ,  no.  1,  p.  5.  Type  cateuatus. 
\6S0.  Uropsophta  Wagler,  Nat.  Syst.  Amph.,  p.  176.  Type  triseriatus. 
184S.  Vroen^^on  Fitiinger,  Syst.  Rept,  p.  29.  Type  dwissus. 

1866.  A ploaspis  Cope,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  18.  no.  4.  p.  310.  Type  lepida  (=lcpidus). 
1875.  Aechmophrys  Coues.  Rept.  Explor.  &  Surv.  W-  of  100th  Mer.  (Wheeler),  vol.  5,  chap.  5,  p.  609. 
Type  cerastes. 

I8BS.  Haploaipis  Cope,  Proc.  Acad.  Nat.  Sci.  Phihi..  vol.  95.  part  1.  p.  IS  (emendation  of  Aploaspi$, 

1866). 

\9S(i.Fnrncrotalus  Reuss.  Cilasnik  /.em.  Muz.,  Sarajevo,  vol.  42,  p.  88.  Type  terrifieus. 


1799.  Crotalus  adamanteus  Beauvois,  Trans.  Amer.  Philos.  Soc.,  vol.  4,  no.  42,  p.  S68.  Type  local- 
iiy:  U.  S.;  ty))e  specimen:  none  designated.  Type  locality:  restricted  to  Charleston.  S.  C.  by 

Schmidt.  19.53.  p.  227. 

1802.  Crotalus  rhombifer  Latreille,  in  Sonnini  and  Latreille,  Hist.  Nat.  Rept.,  vol.  3,  p.  197.  Type 

locality:  southern  U.  S.;  type  specimen:  none  designated. 
1805.  Cr')?n,';n  rhombiferus  Rrickell.  Phila.  Med.  Jl  Phys.  Jour  ,  vol.  2,  part  1.  scr.  3,  p.  164  (not 

o£  Latreille,  1802).  Type  locality:  not  stated,  probably  vicinity  of  Savannah,  Georgia;  type 

specimen:  none  designated. 
1858.  Crotalus  adamanteus  var.  odttmanteus  Jan,  Rev.  Mag.  Zo5i.,  ser.  2,  vol.  10.  p.  158  (Prod.  Icon. 

Desc.  Ophid..  p.  28). 
1895.  Cro/fl/«5  adamanteus  Stcjncgcr.  Rept.  U.  S.  Nat.  Mus.  for  1893.  p.  43.S. 

Range: — The  coastal  plains  of  the  following  Southeastern  and  Gulf  slates:  North  Caro- 
lina south  of  Albemarle  Sound;  South  Carolina;  Georgia;  all  of  Florida,  with  many  of 
the  adjacent  keys;  Alabama;  Mississippi;  and  southeastern  Louisiana.  A  lowland  vpeda 


Ootalns  adamanteus  Beauvois 
Eastern  Diamondback  Rattlesnake 


Fig.  2:11 


(fig.  2:1). 


Copyrighted  material 


32      Classification  and  Identification 


Grotaliu  atrox  Baird  and  Girard 

Western  Diamondback  Rattlesnake 
Fig.  2:12 

1852.  Croialus  cinereous  Le  Conte,  in  Hallowdl,  Proc.  Acad.  Nat.  Sd.  Phila.,  vol.  6,  p.  177.  Type 

locality:  near  the  Colorado  [River];  type  specimen:  described,  but  disposition  unknown. 

1853.  Crotalus  atrox  Baird  and  Girard,  Cat.  North  Anier.  Rept.,  part  1,  p.  5.  Type  locality: 
Indianola  [Calhoun  County],  Texas;  type  specimen:  USNM  7761. 

1858.  Crotalus  adammttus  var.  atrox  Jan.  Rev.  Mag.  Zo81.,  ser.  2,  vol.  10,  p.  153  (Prod.  leon.  Deic 

Ophid.,  p.  28). 

1861.  Caudisona  atrox  var.  atrox  Kennicott,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  13,  p.  206. 

1861.  Caudisona  atrox  var.  sonoraensis  Kennicott,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  13,  p.  206. 

Type  locality:  Somna  and  vidnity;  type  specimen:  none  designated. 
19S0i  Grote/iif  lUrox  Klauber.  Bull.  Zo61.  Soc.  San  Di«go.  no.  6^  p.  6. 

Range: — From  Arkansas  and  Oklahoma  SOUth  to  central  Mexico  and  west  to  California, 
including  tlie  toUowing:  central  and  west-central  Arkansas;  extreme  southeastern  and 
southwestern  MisMuri  (somewliat  doubtful);  eKtreme  southeastern  Kansas;  central  and 
southern  Oklahoma;  Texas  west  of  long.  95*,  including  various  coastal  islands;  New 
\fcxico  south  of  lat.  36°,  but  not  including  the  west-central  mountains;  Arizona  south 
and  west  of  the  line  Ash  Fork-Clifton;  the  southern  tip  of  Nevada;  the  lowland  desert 
areas  of  Riverside  and  Imperial  counties,  California;  extreme  northeastern  Baja  Cali- 
fornia; and  the  Mexican  states  of  Sonera,  extreme  northern  Sinaloa,  Chihuahua,  Du- 
rango.  /acatecas.  Coahuihi.  \uevo  Ie6n.  Tamaulipas.  San  I.uis  Potosf,  and  northern 
Veracruz:  isolated  colonies  in  central  Veracruz  and  southeastern  Oaxaca;  possibly  pres- 
ent in  Hidalgo.  Also  Tiburdn,  Turner,  San  Pedro  Mirtir,  Santa  Cruz,  and  Santa 
Maria  (Sinaloa)  islands  in  the  Citlf  of  California  (fig.  2:1) . 

Crotalus  basiliscus  basiliscus  (Cope) 

Mexican  VVcst-Coast  Rattlesnake 

FifT.  2:13 

1864.  Caudisona  basilisca  Cope,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  16,  no.  3,  p.  166.  Type  locality: 
near  Colima,  Colima,  Mexico;  type  specimen:  Smithsonian  6118.  now  USNM  53586.  Type 
locality  subsequently  restricted  to  Colima,  Colima,  by  Smith  and  Taylor,  1950,  Univ.  Kans. 
Sci.  Bull.,  vol.  33.  part  2,  no.  8,  p.  S28. 

1875.  Crotalus  basiliscus  Cope,  in  Yarrow,  Surv.  W.  of  100th  Mcrid.  (Wheeler),  vol.  5,  chap.  4,  p.  532. 

1896.  Crotefta  terrificus  (part)  Boulcnger,  Cat.  Snakes  Brit.  Miu.,  vol.  S,  p.  57S. 

1929.  Croti^us  terrificus  ba^Hseus  Amaral,  Bull.  Andvenln  Inst.  Araer.,  vol.  S,  no.  1.  p.  5. 

1948.  Crofafus  basiUscus  basiliscus  Gloyd.  NaL  Hist.  Misc.,  no.  17.  p.  1. 

Rntige:—¥Tom  extreme  southern  Sonora,  soiitheasierlv  along  the  west  coast  of  Mntico. 
inrludinft:  .Sinaloa.  Navarit.  Jalisco.  Ck>lima,  and  western  Michnacan   (iig;.  2:2) . 

Crotalitt  iMMiliscus  oaxaciu  Gloyd 
Oaxacan  Rattlesnake 
Fig.  2:14 

19S6.  CrotiUus  basUiseus  (part)  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8,  no.  20,  p.  249, 

table  1  (footnote). 

l9iS.  Crntoliis  hasilisrux  oaxacus  Gloyd,  Nat.  Hist.,  Misc.,  no.  17,  p.  1.  Type  locality:  Oaxaca, 

Oaxaca,  Mcxito;  tvpc  specimen;  I'.SNM  10107. 

Range: — Known  only  from  central  Oaxaca,  Mexico  (iig.  2:2). 


'In  my  judgment  C.  rincrecun.  rather  than  C.  atrox,  was  once  the  proper  name  for  the  western 
diamond  rattlesnake.  However,  the  International  Commission  on  Zoological  Nomenclature,  in  the 
interest  of  conserving  widely  used  names,  established  atrox  as  tbe  accepted  name  for  this  snake  and 
suppressed  cinereous  (Opinion  365,  Nov.  16, 1955). 
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Crotalus  catalinemis  Cliff 
Santa  Caulina  Island  Rattlesnake;  RatUeless  Rattlesnake* 

Fig.  2:15 

1964.  Crotaius  catalinensis  Cliff,  Trans.  San  Hiego  Soc.  Nat.  Hist.,  vol.  12,  no.  5.  p.  80.  Type  local- 
ity: Santa  Catalina  Island,  Gulf  ot  California,  Mexico;  type  spedmen:  Stanford  156S1. 

/{origr.— Found  only  on  Santa  Catalina  Island.  This  Mexican  island  should  not  be 
confusc-d  with  the  American  island  of  the  same  name  off  the  coast  of  California 

(fig.  2:9) . 

Crotalns  cerastes  cerastes  Hallowell 

Mojavc  Desert  Sidewinder 
Fig.  2:  Hi 

1854.  CrottUus  cerastes  Hallowell,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  7,  p.  95.  Type  locality:  borders 
of  the  Mohave  River,  and  in  the  desert  of  the  Mohave  [California];  type  spedmen:  designated. 

but  not  by  number,  disposition  unknown,  but  probably  was  USN'M  %!i2,  now  PANS  7098. 
1944.  Crotalus  cerastes  cerastes  Klaubcr,  Trans.  San  Diego  Sot.  Nat.  Hist.,  vol.  10,  no.  8,  p.  94. 

Range: — The  desert  regions  of  eastern  (but  not  extreme  soutlicastern)  California,  south- 
ern Nevada,  southwestern  Utah,  and  northwestern  Arizona,  including  the  following: 
extreme  southern  Mono,  Inyo,  eastern  Kern,  northeastern  Los  Angeles,  and  San  Bernar- 
dino countitN  in  California:  southeastern  Esmeralda,  southern  Nvc,  extreme  southern 
Lincoln,  and  Clark  counties  in  Nevada;  southwestern  and  central  Washington  County, 
Utah;  and  extreme  mnthwestem  and  west-oential  Mohave  County.  Arizona  (fig.  2:9). 


Crotalus  cerastes  cerrobomlms  Savage  and  Cliff 

Sonoran  Desert  Sidewinder 
Fig.  2: 17 

1895.  CroMus  eerastes  (part)  Stejneger,  Rept.  U.  S.  Nat.  Mus.  for  I89S,  p.  4S1. 
1944.  Crotalus  eerastes  laterorepens  (part)  Klauber,  Trans.  San  Diego  Soc  Nat.  Hist.,  voL  10,  no.  8, 
p.  94. 

195S.  Croteftis  eerastes  eereobombus  Savage  and  Cliff,  Nat.  Hist.  Misc.,  no.  119,  p.  2.  Type  locality: 
Near  Gfla  Bend.  Maricopa  County,  Arizona;  type  specimen:  Stanford  7287. 


''The  acquisition  of  12  additional  specimens  of  Crotalus  catalinensis,  all  but  two  of  which, 
like  the  tvpc.  arc  without  loose  rattles,  but  have  only  the  rattle  that  covers  the  matrix,  and. 

fmihtr,  lKi\c'  siuli  shallow  giooxcs  in  tin-  tiiatrix  tliat  loose  rattles  could  not  ordinarily  Ix* 
retained,  indicates  that  this  is  usually  characteristic  of  the  species.  1  have  ihcicfoic  given  this 
snake  the  alternative  common  names  of  Santa  Catalina  Island  rattlesnake  and  rattlclcss  rattle- 
snake and  have  used  this  character  in  the  appropriate  key,  resulting  in  some  simplification.  The 
head  scales  of  catalineti\is,  especially  the  postnasal-preocular  contact,  and  the  scales  in  the  pre- 
fidiiial  .trc.i.  indicate  a  closer  relatit»nship  with  (..  siu/ultiliis  iliaii  \vi;!i  f  tihox  as  previously 
supposed.  Tlu:  pattern  also  resembles  that  of  .\cii  tula  Iks,  althouRli  tin  [itsiorular  liRht  stripe 
intersects  the  niouth,  as  in  atrox.  The  light  borders  of  the  diamonds  m  unicolor  as  in  scutii- 
latus;  also  the  dark  tail  rli^  are  narrower  than  the  interspaces,  a  scululatus  characteristic  The 
rattle  matrix  is  dark  above  and  light  below  as  in  snttulatus.  These  and  other  characteristics  sug* 
gest  that  tlu  original  colonizen;  of  tliis  islatifl  were  probably  C.  snittil(!t!i\.  The  deterioration  of 
the  rattle  is  not  lo  be  explained  by  the  usual  slow  piotess  of  evolution  through  natural  selection. 
It  is  doubtful  that  there  has  been  a  difference  in  use  of  the  rattle  by  the  snakes  of  this  island,  as 
compared  with  the  spedes  or  subspecies  of  rattlesnakes  that  have  colonized  other  islands  in  the 
Gulf  of  California,  all  of  which  have  retained  fully  functional  rattles.  Rather  we  may  presume 
that  one  or  more  of  the  original  colonists  on  Santa  C  atalina  Island  had  defective  rattles  and  that 
tliis  characteristic  persisted  in  the  progenv.  producing  a  fixed  mutation.  I  lie  defect  is  such, 
owing  to  the  configuration  of  the  matrix  and  the  pliability  of  the  newly  formed  lutiU  iliat  suc- 
cessive rattle  lobes  are  shed  with  the  skin  and  are  not  retained,  as  is  normal  in  rattlesnakes. 
Occasionallv  the  button  mav  he  retained  for  one  shedding. 
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/{flHgf.— Eastern  ^iima.  M)tMlicm  Maricopa.  wi'Stcrn  Piiuil,  and  western  Pima  (ouiitics 
in  Arizona;  and  nuriliwcsicrn  .Sunura,  Mexico,  except  that  pari  of  (he  state  north  and 
west  of  Bahia  Adair.  Alsn  Tibur6n  Island  (fig.  2:3) . 

Crotalus  cerastes  laterorepens  Klauber 

Colorado  Desert  Sidewinder 
Fii^r.  2:1H 

1859.  Crolaliis  cerastes  i  part)  Hallowcll,  Pac.  R.R.  Sur\  .  Rcpt.  (Williamsoiii.  \(>1.  10.  part  4,  p.  17. 
1944.  Crotalus  cerastes  laterorepens  klauber.  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  10,  no.  8,  p.  94. 
Type  locality:  The  Narroivs,  San  Diego  County.  California;  type  specimen:  LM K  34074. 

Range: — The  desert  areas  of  central  and  eastern  Riverside,  northeastern  San  Diego,  and 
Imperial  counties  In  California;  western  Yuma  County,  Arizona;  northeastern  Baja 
California,  and  extreme  northwestern  Sonora,  Mexico  {6g.  2:3). 

Crotalus  duiissiu  durissus  Linn^ 

Central  American  Rattlesnake 
Fig.2:1» 

1758.  Crotalus  durissus  Linn6,  Syst.  Nat.,  ed.  10,  p.  214.  Type  locality:  America;  type  specimen: 
originally  in  the  Claudius  Grill  Surinam  collection;  later  the  collection  was  sent  to  the 
/.otilogical  .MiistMun  of  tlic  Royal  l  iiiM-rsiiv  at  fpsala.  Swi-drri.  hut  this  tvpc  is  lost.'  Type 
localil)  subsc<iucniiy  restricted  to  Jalapa.  \  ciucruz.  Mexico,  by  .Sujilh  and  1  aylor,  Univ. 
Kans.  Sci.  Bull.,  vol.  33.  part  2.  no.  8.  p.  348.  I<tt0. 

1802.  Crotalus  simus  Laireille,  in  Sonnini  and  Latreille,  Hist.  NaL  Rept.,  vol.  3,  p.  202:  vol.  4, 
p.  323.  Tvpe  locality:  Ceylon  (in  error,  following  Seba);  ivpc  specimen,  not  designated. 

1861.  Crotalus  terrificus  (part)  Cope,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  18,  no.  4,  p.  308. 

1905.  }Crotalus  pulvis  Ditmars,  Ninth  Ann.  Rept.  N.  Y.  Zo61.  Soc.,  p.  199.  Type  locality:  20  miles 
inland  from  Managua,  Nicaragua;  type  specimen:  MCZ  7044,  possibly  an  albino  durissus, 
although  almost  certainly  a  specimen  of  Crotalus  unicolor  from  Aruba  Island. 

1929.  Cro/a/tw  terrificus  durissus  (pan)  Amarai.  Bull.  Antivcnin  Inst.  Amcr.,  vol.  3,  no.  1,  p.  5. 

1936.  Crotalus  durissus  durissus  Klauber.  Occ.  Papers  San  Diqjo  Soc.  Nat.  Hist.,  no.  1,  p.  4. 

1937.  Crntnlm  terrificus  cofteanus?  Amarai,  Mem.  Inst.  Butantan,  vol.  10,  p.  161.  Type  locality: 
Central  America;  type  specimen:  none  designated. 

1952.  Crotalus  durissus  durisstu  Klauber,  Bull.  Zool.  Soc.  San  Diego,  no.  26,  p.  61. 

Range: — Southeastern  Mexico  and  Central  America  including:  central  Veracruz,  south- 
eastern Oaxaca,  Tabasco,  and  Chiapas  in  Mexico;  central  and  southern  Guatemala, 

western  and  southern  Honduras,  southern  British  Honduras,  El  Salvador,  southwestern 
Nicaragua,  and  nortliwestern  and  central  Costa  Rica  (fig.  2:4;. 

Crotalus  durissus  culminatus  Klauber 

Northwestern  Neotropical  Rattlesnake 
Fig.  2:20 

1896.  Crotalus  horridus  (part)  GOnther.  Biol.  Cent.-Amer..  Reptilia  and  Batrachia.  p.  194.  (Not 
C.  korridm  of  autfaxMrs.) 

*  The  inicertaintics  regarding  the  proper  application  of  the  I.innean  names  to  rattlesnake*;  ha\e 
been  discussed  bv  Klaiil)cr.  Bull.  Zo<)l.  Soc.  San  Diego,  no.  17.  pp.  81-95,  1941;  Copeia,  no.  1,  of 
1948,  pp,  13.  loi  inaii\  \t.:ii>  during  the  ninctcc-nth  century,  tlu  Neotropical  (Central  and  South 
.American)  rattler  was  otien  referred  to  as  C.  horridus,  and  the  timber  rattler  of  the  eastern  United 
States  as  C.  durissus.  To  avoid  confusion  I  have  ignored  these  allocations  in  this  dieck  list,  since 
in  present  usage  the  allocation  of  these  names  is  reversed. 

Although  a  nomen  nudum  lot  tcdinical  reasons  (Rules  Zodl.  Nomen.,  1926.  art.  25,r) ,  the 
name  was  intended  as  a  substitute  for  C.  cf.  durissus  (see  Klauber.  1941,  p.  91) .  Gloyd  (1940, 
p.  123 1  has  established  rnpeanus  as  a  synonym  of  durissus  by  introduction  of  the  name  into  tlie 
synonymy  of  that  subspecies. 


Copyrighted  material 


Classification  and  Identification  35 


IROfi.  Crotalus  terrificus  (part)  Boulenger,  Cat  Snakes  Brit.  Mus.,  vol  3.  p.  573. 
1935.  Crotalus  terrificus  basUiscus  (part)  Martin  del  Campo,  Anales  Iiut.  Biol.,  vol.  6,  nos.  3  and 
4,  p.  296. 

I9S6.  Crotalus  durissus  durissus  (part)  Klauber,  Trans.  San  Di^  Soc.  Nat.  Hist.,  vol.  8.  no.  20, 

pp.  190.  233. 

1952.  Crotalus  durissus  culminatus  Klauber,  Bull.  Zoul.  Soc.  San  Diegu,  no.  26,  p.  65.  Type  locality: 
Hadenda  El  Sabino,  near  Uruapan,  Michoacdn,  Mexico;  lypc  specimen:  Taylor  5224. 

Aangff.*— Southwestern  Michoac<in,  soutiiern  and  western  Morelos,  Guerrero,  and  south- 
western Oaxaca.  Mexico;  probably  extreme  western  Puebla.  and  possibly  Distrito 
Federal  (fig.  2:4). 


Crotalus  durissus  terrificus"  (Laurenti) 

South  American  Rattlesnake 
Figs.  2:21  and  2:22 

1758.  CrntrJji.i  r/ninflj'  Linn6,  SysL  Nat.,  ed.  10,  p.  214.  Type  locality:  .America;  type  sperimcn: 
originally  in  the  Adolph  Frideric  Museum:  later  this  collection  was  sent  to  the  Zoological 
Miiaemn  of  the  Royal  University  at  Upsala,  Sweden,  but  this  type  is  lost. 


•A.  R.  Hoge,  ill  IHfir,.  M<  in.  Inst.  Riitant.in.  vol.  S2.  pp.  IST-HH.  di\idcd  the  .South  American 
lattlcsnak*'  siih.spc( ics.  which  I  li;ivf  ht-ivin  ( onsiilt  rcd  lo  Ix  long;  to  the-  single  suhspccies  Crolalm 
durissus  terrificus,  into  a  total  of  8  suhspi'Cies.  int  hiding  th<-  two.  C.  d.  elurissus  (in  North  America) 
and  C.  d.  terrifirits,  that  I  haw  m:o|[^ii!cd.  It  appears  to  me  that  Hogc's  work  is  not  suflicienily  com- 
plete ;iiul  (Iclailed  to  peimit  the  sepiepntion  nnd  differentiation  of  these  8  .siih.species  and  therefore 
I  hd\c  not  deemed  it  ;i(i\is;ihle  lo  p;i\<-  them  full  recognition  ;ind  acceptance  for  inclusion  in  the 
list  of  species  cont.iined  in  ch.iptu  1.  or  in  the  liuckiisi.  synonvmies.  maps,  and  kc  \s  (ontained  in 
chapter  2.  As  a  partial  sulistitute.  and  in  order  that  this  edition  will  not  be  completely  lacking  in 
the  presentation  of  Hof^'s  work.  I  offer  herewith,  in  the  form  of  a  footnote,  an  abbreviated  check- 
list of  nop;c's  South  Americ-;in  snhspecies  of  Crotalus  durissnx,  with  the  exception  of  C.  unieolor  and 
C.  I  f  t^f  dfif/i'.v,  which  I  consider  full  species. 

In  the  checklist  tiiai  follows  1  nit  luioii  oiilv  the  name  of  the  original  describer.  since  I  do  not 
always  concur  with  Hoge's  nomenclatorial  derivation.s. 
The  fbllowinf  is  an  abbreviated  reference  list  of  the  .South  American  rattlesnake  subspecies  that 

Hoge  recogni/'es: 

Crotalus  (turissiis  iliitisui^  Linnaeus,  IT.'jS,  .Syst.  \'at.  10th  cd..  vol.  1.  p.  214.  Type  Locality:  jalapa, 
\'eiacrii/,  .Mexico.  Range:  Soulheiii  .Mexico,  (lentrai  .\mcriia.  (  oloinhia.  and  \'eiie/uela. 

Crotalus  ilmissm  cascavella,  Waglcr,  1824,  in  Spix,  .«erp,  Ili.is..  p.  G(l.  Neolype:  IBH  23,400.  Mina 
Caraiba,  Bahia,  Brazil.  Range:  the  dry  "caatinga"  regions  of  the  Brazilian  stales  of  MaranhSb, 
Ceara,  Piaui.  Pcrnambuco,  Algoas.  Rio  Grande  do  N'ortc.  Paraiha,  Bahia.  and  Minas  Gerais. 

Crotaltis  durissus  coUiitineulxis  .\maral.  1926.  Rev.  Mus,  Paiilista.  vol.  15.  p.  90.  Leclotypc:  IBH, 
2180,  Slate  of  Malo  (.tosso.  Bia/il.  Range:  .Sw.  Mato  Gmsso,  Goisls.  Federal  District,  Minas  Gerais, 
Ne.  S.HO  Faulo.  and  \w.  Faiaii;i.  Biazil. 

Crotalus  durisms  (iitnducyiu-  Humboldt.  Rec.  d'Ohs.  /ool..  vol.  2,  p.  6.  Type  locality:  Cu- 

mand,  Venezuela.  Range:  Venezuela  except  high  Andes,  anil  except  the  savannas  of  Monagas,  Bo* 
livar.  and  Amazonas. 

Cu>tnhi\  dtniwiis  dryiutis  1  iimaeiis  1758.  .Syst.  Nat..  lOth  ed..  vol.  1.  p.  214.  Type  locality:  Para- 

inaiibo,  .Surinam.  Range:  I'he  (.uian.is. 

Crotalus  durissus  >nnrajoetisi\  Iloge.  19(1").  Meiri.  Inst.  HulaiUan.  \ol.  .S2,  p.  143.  1  ype  specimen: 
IBH  17779,  Tuinii'i,  Maraj6  Island.  .State  of  Para.  Brazil.  Range:  Maraj6  Island.  State  of  Para. 
Brazil. 

Crotalus  durissus  ruruiiun  Hoge.  1965.  Mem.  Inst.  Hutantan.  vol.  82,  p.  145.  Type  specimen 
,\MN'H  360.'>6,  Paulo  Camp,  Mt.  Roraima.  N'etwuela.  Range:  Brazilian -Venezuelan  border,  vicinity 

of  Ml.  Rorainia. 

Crotalus  duris\ui  icnilKiis  (Laurenti).  17<i8.  S\n.  Repl..  p.  93.  Neolype:  IBH  22997.  Julio  de 
Castillio.  Tacpiari,  State  of  Rio  (irande  ilo  Sul,  Brazil.  Range:  States  of  Minas  Gerais,  Sao  Paulo. 
PaiaiUl,  Sanu  Catarina,  and  Rio  Grande  do  Sul,  Brazil,  south  to  the  limits  of  the  rattlesnake  range  in 
northern  Argentina. 

'The  reasons  for  not  adopting  this  name,  despite  the  fact  that  the  type  probably  did  represent 
the  South  American  rattlesnake,  and  that  the  name  has  priority  over  terrificus,  have  bc^n  dis- 
cussed by  Klauber.  Bull.  ZoSl.  Soc.  San  Diojo.  no.  17,  pp.  81-95,  1941;  Copeia,  no.  1  of  1948. 
pp.  1-S.  If  the  type  of  dryinas  is  ever  found,  so  (hat  the  propriety  of  this  tuune  for  the  South 
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n6>>.  Cdudisnna  tryyifiru  I  auicnti,  Synopsis  Rcpt.,  p.  93.  Type  locality:  America  below  lat.  45»  Ha 

tv  j)c  s|)C(  imcn   ikuic  dc'iipnatcd. 

ni^.Crotalus  cxalbidus  Bodciaeit.  Nov.  Act.  Phys.-Med.  Acad.  Cacs.  Leop.-Carol.,  vol.  7,  no.  2, 

p.  16.  Type  locality:  not  given;  type  specimen:  none  designated. 
1790.  Crotalus  durisstis  Bonnaterre.  £ncyd.  Meth.;  Ophiologic,  p.  2. 

1902.  Crotaliis  immaculntus  I.atrcillr,  in  Sonnini  and  Latrtille,  Hist.  \at.  Rt  pt.,  vol.  p.  201; 
vol.  4,  p.  323.  Type  locality:  East  Indies  (in  error,  following  Scba);  type  spctinieii:  none 
designated. 

180S.  Cratalm  strepitans  Daudin,  Hist.  Nat.  Rept.,  vol.  5,  p.  S18.  Type  locality:  America;  type 

specimen:  none  designated. 
1824.  Crotalus  cascavella  Wagler,  in  Spix,  Serp.  Bras.  Spec.  Nov.,  p.  GO.  Type  locality:  pi  ev  ince  of 
Bahia,  Brazil;  type  specimen:  none  designated. 

Crotalus  ctimunrnsn  Humboldt,  in  Humboldt  and  Bonpland,  Recueil  d'Obs.  Zool.  Anat. 

Comp.,  vol.  2,  p.  G.  T\pe  locality:  Cnmana,  Venezuela;  tyj)r  sperinion:  none  designated. 
1833.  Crotalus  loefliugi  Humboldt,  in  Humbuldl  and  Bonpland,  Kccucil  d'Obs.  Zool.  Anat.  Comp., 

vol.  2,  p.  6.  Type  locality:  Cumani,  Venezuela;  type  specimen:  none  designated. 
1875.  Crotalus  terrificus  Cope,  in  Yarrou  .  .Snrv.  W.  of  lOOih  Merid.  (Wheeler),  vol.  5,  chap.  4,  p.  592. 
19'2G.  Crotalus  Irrrificus  var.  terrifirus  Amaral,  Rcvista  Mus.  Paiilista,  vol.  l,'),  p.  90. 
I92(i.  Crotaius  terrificus  var.  coUirhombeatus  Amaral,  Revista  Mus.  Paulista,  vol.  15,  p.  90.  Type 

locality:  northeastern  Brazil;  type  specimen:  none  designated. 
1926.  Crotalus  Urrificus  var.  collitineatus  Amaral,  Revista  Mus.  Paulista,  vol.  15,  p.  90.  Type 

Intalities:  central,  southeastern,  and  southern  Brazil,  Argentina,  Paraguay,  and  probably 

Uruguay  and  Bolivia;  type  specimen:  none  designated. 
1929.  CroUdtu  terrificus  duristus  (pan)  Amaral,  Bull.  Antivenin  Inst.  Amer.,  vol.  3.  no.  1,  p.  5. 
]9'M).  Pduirrotalus  terrificus  Rcust.  Glasnik  /cm.  Mm..  Sarajevo,  vol.  12.  p.  88. 
1936.  Crulalus  durissus  terrificus  Klauber,  Occ.  Papers.  San  Diego  Soc.  Nat.  Hist.,  no.  I,  p.  4. 
1956.  Crotalus  terrificus  crotaminieus  Moura  Gon^alves,  Anais  Acad.  Brasil  Cienc,  vol.  28,  no.  3, 

p.  365.  Type  localities:  Morro  Agudo.  Franca.  Ituverava,  Sao  Paulo,  Brazil:  type  specimen: 

none  deirignated.* 

Rauf^f: — South  America,  including:  northern  antl  central  Colombia,  Venezuela.  British 
Guiana,  Surinam,  French  Guiana,  Brazil,  southeastern  r<  iu,  ra'^Km  R<ili\ia,  Paraguay, 
Uruguay,  and  northern  .Argentina.  May  occur  in  eastern  (trans-.Vndcun;  Ecuador;  there 
is  uncertainty  as  to  its  oocurrence  in  the  upper  Amazon  basin  (fig.  2:5). 


American  rattlesnake  could  l)e  established,  then,  in  the  intensi  of  noniciu hiifn inl  stability,  an 
application  should  be  made  to  the  International  C^ommission  on  Zoological  Ndtttt m  lature  tor  the 
retention  of  tcniluxis  as  the  subspccific  name  for  the  South  .American  rattler  I  Ins  procedure  is 
not  applicable  to  validate  terrificus  as  the  specific  name  for  this  snake— a  current  usage  of  many 
South  American  herpetoiogists— as  long  as  the  Central  and  South  American  snakes  ai^  deemed 
COnspedfic,  for  c/i/r/ssi/.?  is  the  older  name.  Only  if  v\e  segregate  these  fornT;  itiio  separate  species — 
by  reason  of  the  l'aM;nnain'an  gap  in  their  ranges — could  the  Sduth  .\nicricati  snake  become 
Crotalus  terrificus.  I  'lifoi  iiiii  itch  tlu-  rattlesnakes  of  Venezuela  and  (  (ilombia  are,  in  some  cliai 
acterisiics,  more  like  the  snakes  of  Central  .America  than  they  are  like  the  rattlers  of  southern 
Brazil,  so  that  this  segregation  does  not  seem  proper,  and  the  rattlesnakes  of  South  America  should 
be  designated  Crotalus  durissus  terrificus.  I  have  no  doubt  that,  when  sufficient  material  liecomcs 
available  for  study,  at  least  three  South  American  subs|x^cies  of  durissus  will  be  recognized:  C. 
durissus  cumaufusis  Humboldt.  1H33.  in  the  tiorlh;  f,'.  durissus  < tisdii  t  llii  W  aglei.  1821.  in  ilu  Bi  i 
zilian  "bulge":  and  C.  durissus  terrificus  Laurcnti,  1768,  in  the  south.  These  further  subdivisions 
will  be  useful  in  venom  sttidies.  I  did  not  make  these  segregations  in  this  book  because  1  was  unable 
tosetiiu  ifiit  material  wlicicwith  Co  drtt  tniinc  lutinatelv  either  the  territorial  limits  or  char- 

acter <listinttions  that  would  be  iieces.siuy  to  dehne  the  three  siil)spetie.s.  See  also  footnote  6,  above. 

■  A  biological  subspecies:  a  noinett  tnidum  since  neither  the  description  nor  the  differentiation 

from  other  .subs|H'cies  complies  with  the  rcquiremi-nis  of  the  rules  of  the  lntern.itinn:d  f^ommis- 
siou  on  /<H)h)gical  Nomenclaiini-.  (aiticle  IS.  a.  i:  article  4'>.  b;  article  lecommcndation  7;{.\.) 
If  the  segregation  is  warranted  (it  is  based  on  \enom  components),  and  the  subspecies  is  rede- 
scribetl  to  conform  to  the  Ciode,  one  of  the  older  names  (cascai'cHa,  Wagler,  1824;  cunumensis  or 
loefiingi,  Humboldt.  1833;  coUirhnvibeatm  or  collilineattis,  Amaral.  1926)  might  be  found  to 
take  precedence  over  crotaminiciu,  it  the  type  locality  of  any  of  these  five  foils  within  the  range 
of  crotauiiuicus. 
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Groudus  durinus  totonacus  Gloyd  and  Kau£EeId 

Totonacan  Rattlesnake 

Fig.  2:23 

1940.  Crotattis  tot^naeus  Gloyd  and  Kauffeld,  Bull.  Chicago  Acad.  Sd.,  voL  6,  no.  2,  p.  12.  Type 
locality:  Panaco  Island,  about  75  miles  south  of  Tampioo,  Veracruz,  Mexico,  18  miles  inland 

from  Cabo  Rojo;  type  spcritnrn:  Chi.  Acad.  1  IfiO. 
1945.  Crotalus  durissus  totonacus  Smith  and  Taylor,  U.  S.  Nat.  Mus.,  Bull.  187,  p.  190. 
KSa.  Crotolus  basiliseus  totonacus  Taylor,  Univ.  Kans.  Sci.  Bull.,  vol.  33,  part  2,  no.  11,  p.  453. 

Range: — Southern  Tamaulipas,  southeastern  San  Luis  Putosi,  and  northern  Veracruz 
(fig.  2:4). 

Crotalus  durissus  tzabcan  Klauber 

Yucatdn  Neotropical  Rattlesnake 
Fig.  2:24 

1887.  Crotalus  durissus  (pan)  Cope,  Bull.  U.  S.  Nat.  Mus.,  no.  32,  p.  89. 

1895.  Crotaiut  horridus  (part)  GOnther,  Biol.  Cent.-Amer..  Reptilia  and  BatradUa,  p.  194.  (Not 

C.  horridus  of  authors.) 
189G.  Crofalus  terrificus  (part)  Boulctigcr,  Cat.  Snakes  Brit.  Mus.,  vol.  3,  p.  573. 
1935.  Crotalus  terrificus  durissus  (part)  Martin  del  Campo,  Ann.  Inst.  Biol.,  vol.  6,  nos.  3  &  4,  p.  296. 
1986.  Crotalus  duristus  durissus  (part)  Klauber.  Trans.  San  Dicgp  Soc  Nat.  Hist.,  vol.  8,  no.  20, 

p.  190. 

1952.  Crotalus  durissus  tzabcan  Klauber,  Bull.  Zool.  Soc.  San  DiegO,  no.  26,  p.  71.  Type  locality: 
Kantunil,  Yucatin,  Mexico;  t)pe  specimen:  CNHM  S6I68. 

R(ins.c:~\wAvSx\.  f  iinpcf lie.  (^iiiiHiiiia  Ron.  and  eastern  Tabason.  Mexico;  northern 
Guatamala  and  nortiicrn  Briii.sh  Honduras  (tig.  2:4). 

Crotalus  enyo  enyo  (Cope) 

Lower  California  Rattlesnake 
Fig.  2:25 

1861.  Caudisona  enyo  Cope,  Proc.  Acad.  Nat.  Sci.  I'hila.,  vol.  13,  p.  203.  Type  locality:  Lower  Cali- 
fornia; type  specimen:  Xantus  4669,  now  PANS  71.59." 

1875.  Crotalus  enyo  Cope,  Bull.  U.  S.  Nat.  Mus.,  no.  1,  p.  33. 

1929.  Crotalus  contlucntus  cnxo  .\niaral,  Bull.  .\ntiv(  iiiii  Inst.  .Xnur.,  vol.  2,  no.  4,  p.  94. 

1954.  Crotalus  enyo  enyo  I.owc  and  Norris,  Tran,s.  San  Diego  Soc.  Nat.  Hist.,  vol.  12,  no.  4,  p.  52. 

/f«ni,v.— Baja  California.  Mixico.  from  the  \itinity  of  E!  Marmol   (lat.  30»N.)   south  to 
Cape  Sun  Lucas.  .Also  the  following  islands:  Magdalenu,  .Santa  Margarita.  Espiritu  .San- 
to. Partida  (southerly) .  .San  Francisco.  San  Joai.  and  Carmen  (fig.  2:3) . 

Crotalus  enyo  cerralvensis  Cliff 

Cerralvo  Island  Rattlesnake 
Fig.  2:26 

1954.  Crotalus  enyo  cerratvensis  Clilf,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  12,  no.  5.  p.  82.  Type 
locality:  Cerralvo  Istatid,  GnU  of  California,  Mexico;  type  specimen:  Stanford  14021. 

Range: — Cerralvo  Island,  Gulf  of  California,  Mexico  (fig.  2:3). 


*This  specimen  was  collected  at  Cape  San  Lucas.  Baja  California,  which  thereby  should  be 
considered  the  type  locality  of  the  species. 
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Crotalus  enyo  f urvus  Lowe  and  Norris 

Rosario  Rattlesnake 
Figs.  2:27  and  2:28 

1955.  Crntahis  enyo  furz'us  Lowe  and  Xori  is.  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  12,  no.  4,  p.  52. 
Type  locality:  10.9  miles  north  o£  £1  Rosario.  Baja  CaUfomia  del  Norte.  Mexioo;  type  sped* 

men:  MVZ  553R3. 

Range:— California  del  Norie,  on  the  west  ooast.  from  the  San  Tehno  River  south 

to  £1  Rosario  (hg.  2:3). 

Crotalus  exsul  Gannan 

Cedros  Island  Diamond  Rattlesnake 
Fig.  2:29 

tSSS.Crotalus  exsul  Carman,  Mem.  ^fus.  Comp.  Zo51..  vol.  R,  no.  3,  p.  114.  Type  locality:  Cedros 
Island,  west  coast  of  Baja  California;  cotype  specimens:  MCZ  652  (2  specimens). 

Rangf>-Cedtm  (or  Cerros)  Island.  Padfic  coast  of  Baja  California.  Mexico  {&g,  2:1). 


Crotalus  horridua  horridus  Linn^ 

Timber  Rattlesnake 
Fig.  2:30 

1758.  Crotaltu  horridus  "  Unai,  Syst.  Nat,  cd.  10.  p.  214.  Type  locality:  America;  type  specimen: 
originally  in  the  King  Addph  Frideric  collection:  later  sent  to  the  Royal  Zodlogical  Sute 
Miisrtim  at  Stockholm,  but  now  Imt.  Type  locality  restricted  to  vicinity  of  New  York  City 

by  Stlimidt.  H)r,3,  p.  227. 
1789.  Crotalus  boiquira  Laci^p^de.  Hist.  Nat.  Serp.,  vol.  2,  pp.  130  (fast  section),  390.  Type  locality: 

Iho  New  World;  type  specimen:  none  dealgnated. 
1818.  CrotaHnus  cyanurus  Rafincsquc,  Amcr.  Nfonth.  Mag,  le  Grit.  Rev.,  vol.  3,  no.  6,  p.  116;  vcA,  4, 

no.  1,  p.  41.  Type  locality:  the  barrens  o£  Kentucky;  type  specimen:  none  designated. 
XdSXkCrctalurui  eymturm  Rafinesque,  Ann.  Nat.,  no.  I.  p.  5. 

Cnrtalus  dwrissus"  var.  concotor  Jan,  Rev.  et  Mag.  ZoAI..  ser.  2.  vol.  10,  p.  153.  Type  locality: 

North  America;  ivp<'  specimen  in  Munich  \fiis." 

1873.  Crotalus  fascialtis  Higgins.  Ophidians,  p.  81.  Type  locality:  U.  S.  of  Colomlria;  type  specimen: 

none  designated. 
19S5.  Crotalus  horridus  horridus  Gloyd.  Gopda.  no.  4.  p.  176. 

Range:— Thie  northeastern  and  north-central  United  States,  Including:  an  the  Atlantic 
states  from  central  Vermont  and  New  Hampshire  to  soutliern  Virginia  (except  Dela- 
ware); West  Virginia;  southern  Ohio;  Kentucky;  the  mountains  of  western  North  Caro- 
lina, northwestern  South  Carolina,  northern  Georgia,  central  and  eastern  Tennessee,  and 
extreme  northern  Alabama;  southern  Indiana;  western  and  southern  Illinois  (except  tlie 
soutliern  tip);  southwestern  Wisocmsin;  extreme  southeastern  Minnesota;  eastern  Iowa; 
Missouri  (except  the  southeastern  comer);  extreme  southeastern  Nebraska;  iUnsas 


^"The  uncertuuilics  regarding  the  proper  allocation  of  the  Linncan  names  to  the  raitlcsnakc 
species  have  been  di.scusse(l  by  Klaubcr,  Bull.  /.o61.  Soc.  San  DicgO,  nO.  17,  pp.  81-95.  I'.'ll; 
Copeia.  no.  I  of  1948.  pp.  i-3.  C.  horridus  has  been  confirmed  as  the  genotype  of  Crotaltu  by 
Opinion  92  of  the  International  Commission  on  7.o5logical  Nomenclature;  see  also  Direction  57. 

mo. 

"Jan's  (liirisstis  is  the  t>qui\alenl  of  what  we  now  call  C.  horridus,  and  thus  all  his  durisuu 
subspecies  must  be  referred  to  horridus.  There  vras  ctmfusion  in  tlie  application  of  the  names 
horridus  and  diirissns  for  more  than  a  century. 

^*  Jan's  coticolor  was  suppressed  by  the  International  Commission  in  Opinion  339,  Mar.  17, 1955. 
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(east  of  long;  fi7*W.);  the  mountainous  area  of  noithwestern  Alkansas;  the  eastern  half 
of  Oklahoma;  northeastern  Texas.  Also  the  Nineara  and  Essex  Peninsula  areas  of  the 
Lake  Erie  shore  of  Ontario,  Canada,  aliiiougti  ii  may  now  be  exterminated  there.  This 
rattlesnake,  once  indigenous  to  wliat  are  now  the  most  populous  areas  of  the  United 
States,  has  largely  been  killed  off  in  industrial  and  agricultural  districts,  but  still  persists 
in  adjacent  mountains  and  forests,  where  rocky  or  wooded  retreats  are  available.  Thus 
its  present  range  is  intermittent,  for  it  has  now  been  exterminated  in  many  areas  over 
which  it  once  ranged*  including  extreme  southwestern  Maine  and  (probably)  northern 
Delaware  (fig.  2:^. 

Grotalus  horridus  atrkaudatus  Latreille 

Canebrake  Rattlesnake 
Fig.  2:.^ I 

1790.  Crotalits  horridus  (part)  Bonnaterre,  Encyd.  Meth.;  Ophiologie.  p.  1. 

1802.  Croialits  atrkaudatus  Latreille,'*  in  Sonnini  and  Latreille.  Hist.  Nat.  Rept..  vol.  .1.  p.  209. 

Type  locality:  Carolina;  type  specimen:  none  designated.  Type  locality  restricted  to  Char* 

icston.  .S.  C.  by  Schmidt,  li«3,  p.  228. 
1805.  Crotalus  setaxomae  Bridtell,  Phila.  Med.  &  Phys.  Jour.,  vol.  2,  part  1,  sec.  S,  p.  164.  Type 

loralitv:  not  stated,  probably  vicinity  of  Savannah,  Georgia;  type  specimen:  none  designated. 

1820.  Crotalus  caiesbaei^'  Hemprich.  Grand.  Natur..  p.  387.  Type  locality:  South  America  to  Caro- 
lina; type  specimen:  none  designated. 

1859.  Crotalus  durissus  var.  tnelauurus  Jan,  Rev.  et  Mag.  Zool.,  ser.  2.  vol.  10.  p.  I5S.  Type  locality: 
South  Oirolina;  type  specimen:  in  the  Paris  Museum.  Nomen  fiudiuny- 

1863.  Crotalus  durissus  var.  mexicana  Jan,  Elenco  Sysl.  Ofidi,  p.  12S.  Type  locality:  Mexico,  Texas; 
type  specimen:  in  Leyden  Musettm.  Nomen  ttudum^^ 

19S5.  Crotalus  horridus  atrkaudatus  Gloyd,  Copeia.  no.  4,  p.  176. 

Range: — The  lowlands  ot  the  SOttth  Atlantic  and  Gulf  States  and  the  lower  Mississippi 
Valley,  including:  extreme  southeastern  \'irginia;  eastern  North  Carolina;  South  Caro- 
lina; central  and  southern  Georgia;  Florida  north  of  lat.  29''30'N.;  central  and  suutliern 
Alabama;  Mississippi:  extreme  western  Kentudcy  and  Tennessee;  Louisiana;  southern 
and  eastern  Arkansas;  extreme  southeastern  Missouri  and  southern  Illinois;  and  Texas 
east  of  long.  BS^W.  and  north  of  lat.  28"N.  (fig.  2:6). 

Crotalus  iiiteritiedius  intermedins  1  ujschel 
Totalcan  Small-Hcadcd  Ratiicsnake 
Fig.  2:32 

1865.  Crotalus  intermedius  Troschel,  in  MuUer,  Reisen  in  den  Vercinigten  Staatcn.  Canada  und 
Mexico,  vol.  3,  p.  613.  Type  locality:  Mexico;  type  specimen:  in  Mailer  collection;  later  in 

the  collection  of  the  Zoological  Institute  at  Botui.  Dr.  Robert  Mcitens  advised  me  on  Mardi 

8,  1951,  that  this  collection  was  destroyed  in  World  War  II. 
1882.  Crotalus  intermedius  Fischer  (not  of  Troschel,  1865),  Abh.  Nat.  Ver.  Bremen,  vol.  7.  p.  230. 

Type  locality:  Mexico;  type  specimen:  Bremen  435. 
1896.  Crotalus  (riscriatiis  (part)  Roulcngrr,  Cat.  .Snakes  Brit.  Mus.,  vol.  8,  p.  .')81. 
1936.  Crotalus  triseriatus  triseriatus  (])arl)  Klauber,  1  rans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8,  no.  20, 

p.  247. 


Although  Bosc  furnished  the  description,  it  was  Latreille  who  supplied  the  name.  Bok  was 
tisually  nonbinominal  (see  Bosc.  18U.S.  pp.  .').')5-557)  . 

**Diesing,  1851,  Syst.  Helminth.,  vol.  2.  p.  431,  attributes  the  specific  name  calesbyanum  to 
Fitzinger.  I  am  unable  to  locate  Fitzinger's  use  of  this  name.  He  did  use  the  name  eatesbaei 
(Neue  Class.  Rept..  1826.  p.  63)  .  but  credited  it  to  Hemprich,  1820. 

•''Although  a  unnicn  nudum  for  lark  of  description,  melatutriui  was  subsequently  validated  as 
a  synonym  of  horridus  by  Garman,  1883,  Mem.  Mus.  Comp.  Zool.,  vol.  8,  no.  3,  p.  175.  and  was 
assigned  to  the  subqwdes  atricaudatus  by  Klauber.  1996,  p.  196. 

'*  Although  a  nomen  nudum  for  lack  of  description,  ntexieana  is  to  l>e  considered  a  synonym. 
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1940.  Cro/a/i/i  ni'.nidtus  nnahiianis  fpart)  Clovd,  Clii.  Acad.  Sci.  Spec.  Pub.  no.  '\,  p.  9\. 
1946.  Crolalui  gloydi  lin4ius  Smith,  Liiiv.  Kans.  Sci.  Bull.,  vol.  31,  pari  1,  no.  3,  p.  75.  Type  locality: 
lava  beds  1  km.  east  of  El  Um6n  Totalco,  Veracruz,  Mexico:  type  specimen:  USNM  110596. 
1952.  Crotalui  intermedius  intemiediug  Klauber,  Bull.  Zo51.  Soc.  San  Diego,  no.  26.  p.  9. 

Range:— The  range  of  this  subspecies  is  impi  ricctly  known.  .Specimens  have  been  seen 
from  eastern  Hidalgo,  northeastern  Pucbla,  aiid  west-central  Veracruz  (fig.  2:B) . 

Crotalus  intermedius  gloydi  Taylor" 
Oaxacan  Small-HcadcU  Rattlesnake 
Fig.  2:38 

Crotaltts  triseriatus  gloydi  Taylor,  Univ.  Kans.  .Sci.  Bull.,  vol.  27.  part  1,  no.  7.  p.  130.  Type 
locality:  Cerro  San  Felipe,  elevation  104HX)  feet,  near  [15  km.  northeast  of]  Oaxaca  de 
Juirez.  Oaxaca,  Mexico;  type  specimen:  EHT-HMS  23645. 

\'^(S.  Crotnlus  i!^h)\<li  '^luxdi  Sinitli,  I  niv.  Kans.  Sri.  Bull..         31,  part  1.  no.  ,1.  p.  78. 

1952.  Crotalus  inltriiiedins  intermedins  (part)  Klauber,  Bull.  Zoiil.  .Sot.  San  Diego,  no.  26,  p.  9. 

19.*S7.  Crotalus  intermedim  gloydi  Davis  and  Dixon,  Sw.  Nat.,  vol.  2.  no.  1,  p.  25. 

/jMi<g<\'— I'lie  lange,  as  presently  known,  includes  mountain  areas  of  central  Oaxaca 
and  Michoacdn       2:R) . 

Crotalus  intermedius  omiltemanus  GUnther 
Omilteman  Small-Headed  Rattlesnake 
Fig.  2:34 

\%^T^.  Crotalus  oTnillritinnrts  Giinthci,  Riol.  Cont.-.\mcr.,  Rcpt.  Balr.,  p.  102.  Type  locality:  Oniil- 
teme,  Guerrero,  Mexico;  type  specimens:  BM  93.3.15.11  and  95.3.15.11  (newly  assigned  num- 
ber«  1946.1.19,28  and  29). 

1896.  Cro^fl/us  triseriatus  (part)  Boulcngcr,  Cat.  Snakes  Brit.  Mus.,  yol.  3.  p.  HH]. 

1936.  Crotalus  triseriatus  triseriatus  (part)  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8,  no. 
20,  p.  217. 

19S8.€rotaftt(  triseriatus  omiltemanus  Klauber,  Copeia,  no.  4,  p.  196. 

1952.  Crotalus  intermedius  omiltemanus  Klauber,  Bull  Zo6l.  Soc  San  Diego,  no.  26,  p.  14. 

Range:— Central  Guerrero,  Mexico  (fig.  2:8). 

Crotalus  lannomi  Tanner 
Autl^  Rattlesnake 

1966.  Crotalus  laivmmi  limnii.  Iki|)rt,,  \<>1.  L"J  no.  1.  p.  2't8.  Type  localilv:  1  .>i  mi.  \vt  si  of  tlx-  pass, 
Puerto  Los  Ma^os,  on  Mexican  Highway  No.  80.  Jalisco,  Mexico;  type  sjxrtimen:  B\  L"  23800. 


"  The  rcviyal  of  C.  iiitri  iiiidiuy  t^loMli  was  siiRgi'sicd  l)v  D;i\  is  ;in<l  I)i\ot>  (I0.")7,  p.  2'  ]  Iki'-i  I 
on  a  newly  acquired  specimen  from  Oaxaca.  It  was  their  o|)itiion  ili.tt  g/oydi  differs  from 
t.  tnfermedtfu  of  Veracniz  and  Puebia  in  having  the  postnasal  m  (ontaci  with  the  first  supralabial 
only,  and  in  lia\  ing  tlu-  lower  preocular  in  contact  with  the  loieal.  1  have  lately  had  access  to  a  series 
of  eleven  spi  riiiu  ns  taken  l)y  C.  M.  Bogcrt  in  Oaxaca  in  1061  and  1963  and  find  that  they  tisuafly 

(27  out  of  32  counts  in  all  available-  sjn  cimcnsi  do  dilii-r  fiom  the  Totaican  series  in  the  first  diar- 
acter.  and  therefore  I  agree  with  Davis  and  Dixon  in  the  recognition  of  t^loxdi  as  a  valid  subspecies, 
f  find  the  second  character— the  lower  prcocular-loreal  contact— to  he  yariahle  and,  in  some  cases 

indeterminate  in  the  new  scries,  as  well  as  in  several  other  specimens,  and  therefore  do  not  use  this 
character  in  the  segiegation  of  the  intermedim  subspecies. 
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Grotahis  lepidus  lepidiu  (Kennicou) 

Mottled  Rock  Rattlesnake 

Fig.  2:S5 

1861.  Caudisona  lepida  Kennicott.  Proc  Acad.  Nat.  Sd.  Phila.,  vol.  13.  p.  206.  Type  localities: 

Presidio  del  Nni  tc"  and  Eagle  Pass,  Texas;  type  specimens:  two  heads,  now  lost. 
1866.  Aplonspis  Irftida  Cope,  Pror.  Arad.  Nat.  Sci.  Phila.,  vol.  18,  p,  310. 
1883.  Crolalus  lej)idu.i  (part)  Cope.  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  35,  p.  13. 
1887.  CroM/tu  (ligris)  palmeri  Gannan,  Bull.  Essex  Inst.,  vol.  19,  p.  124.  Type  locality:  Mondova, 

Coahuila.  Mexico;  type  specimen:  MCZ  l.^TS. 
1936.  Crotahu  lepidus  lepidus  Gloyd,  Occ.  Papers  Mus.  Zodl.  Univ.  Mich.,  no.  337,  p.  2. 

/{»Ng(>.-— .Southeastern  New  .Mexico,  soiiilnvestei ii  Texas,  and  nortiieastern  Mexico,  in- 
cluding: the  Carlsbad  Ciaverns  area  of  New  Mexico;  the  trans-Pecos  region  of  Texas 
(especially  the  I)a\is  and  Chisos  niouniains.  hut  excluding  the  £1  Pa<>o  area,  where  it 
is  replacxd  by  C.  /.  MauheH^ ,  together  with  V'al  Verde.  Real,  and  Maverick  counties; 
and  the  Mexican  slates  of  eastern  C:iiiliuahua,  Coahuila.  western  Nucvo  Ijc6n,  western 
San  Luis  Potosi,  and  southeastern  Zacatecas  (where  there  is  inteigradation  with  C.  /. 
klaubcti)  (fig.  2:7). 

Crotalus  lepidus  klauberi  Gloyd 

Banded  Rock  R;ittk'sn:ike 
Figs  2:30  and  2:37 

1883.  Crotalus  lepidus  (part)  Cope,  Prtic.  .\cad.  Nat,  Sci.  Phila.,  vol.  35,  p.  13. 
1936.  Crotalus  lepidus  klauberi  Gloyd,  Occ.  Papers  Mus.  Zo5l.  Univ.  Midi.,  no.  337,  p.  2.  Type 
locality:  Carr  Canyon,  Huachuca  Mountains,  Cochise  County,  Arizona:  type  spedmen: 

M/.UM  79S9,5. 

(.Kitnius  sciuicnrnuliis  l  avlor,  L'niv.  Kans.  .Sci.  Hull.,  vol.  30,  part  1,  no.  -1.  p.  52.  Type 
lor.ililv:  Mojarachic  [near  Ratopilas],  Chihuahua,  Mexico;  type  specimen:  EUl  -II.MS  23014. 

Range: — Southeastern  Arizona,  suutliwcslern  New  Mexico,  the  El  Paso  area  in  Texas, 
and  north-central  Mesdco,  Including:  the  Santa  Rita,  Huachuca,  Dragoon,  Dos  Cabezas, 
and  Chiricahua  mountains  of  .mutheastern  Arizona:  the  Franklin,  Magdalena,  Pinos 
Alms,  Nfiinbics,  .\ninias.  Hi;;  Hntdiel.  and  Dofj  inountains  of  soutliwestei n  New  Mexico; 
LI  Paso  County,  Texa.s;  and  mountain  areas  in  the  Mexican  states  of  northeastern 
.Sonora,  southeastern  Sinaloa.  Chihuahtta,  Durango,  Nayarit,"  Zacatecas,  Aguascalientes. 
and  Jalisco  <fig.  2:7) . 

Crotaliu  lepidus  moruliu  Klauber 
TamauHpan  Rock  Rattlesnake 

1952.  Crotalus  lepidus  morulus  Klaul>cr,  Hull.  Zotil.  Soc.  San  Die^o,  no.  26,  p.  52,  f.n.  Type  locality: 
10  miles  northwest  of  Gdmez  Farias  on  the  trail  to  La  Joya  de  Salas,  Tamaulipas,  Mexico; 
type  spedmen:  MZUM  101376. 

Aange.'— Mountains  northwest  of  Gdmez  Farias,  and  near  Chinas,  Tamaulipas,  Mexico 
(fig.  2:7). 


'*  Smith  and  Taylor,  1950,  Univ.  Kans.  .Sci.  Bull.,  vol.  33,  part  2,  no.  8,  p.  362.  subsequently  re- 
stricled  the  type  locality  to  Presidio  (del  Norte)  ,  Presidio  County.  Texas. 

riie  snakes  from  iii.n  die  Siii.iloa-Dui  angoNaxai  it  jmulion  recpiin-  fmtliei  studv.  Tlu'  five 
specimens  a\.iiiahle  to  me  from  that  relatively  inaccessible  area  key  out  as  C.  /.  itivrulus  or  C.  /. 
lepidus,  although  in  C.  /.  klauberi  territory.  An  adequate  series  might  justify  the  recognition  of 
another  subspcucs. 
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Croulus  mitcheUii  mitchellii*  (Cope) 

San  Lucan  Speckled  Rattlesnake 
Fig.  2:38 

1861.  C«udisona  mitehettii  Cope.  Proc  Acad.  Nat  5d.  Phila.,  vol.  IS,  p.  29S.  Type  locality:  Cape 

St.  (=San)  Lucas.  Baja  California,  Mexico;  type  spccimrn:  IISNM  5201 'S,  now  lost. 
1875.  Crolalus  milchellii  Cope,  in  YarTOW,  Surv.  VV.  of  lOOih  Meiid.  (Whccln),  vol.  5,  chap.  4,  p.5SS. 
1895.  Crotalus  mitchellii  milchellii  (pan)  Stcjncger,  RcpU  U.  S.  Nat.  Mus.  for  1893,  p.  454. 
1936.  Crotalus  n^chelUi  mUeheUU  Klauber*  Tram.  San  Diego  Soc.  Nat.  Hitt.,  vol.  8»  no.  19,  p.  154. 
19S2.  Crotalus  miteheltt  tnitchelU  Klauber.  Bull  Zottl.  Soc.  San  Diego,  No.  26,  p.  123. 

itmge.^— DktritO  del  Sur  of  Baja  California,  Mexico,  intcrgradation  with  C.  rn.  pyrrhus 
OOCUnring  approximately  along  the  Inirder  of  the  southern  district  with  the  northern 
State;  also  the  islands  of  Ccrralvo,  Espiritu  Santo.  San  Jose,  Santa  Cruz,  and  Carmen 
(Gulf  coast):  and  Santa  Margarita  (Padfic  coast)  (fig.  2:7). 


Crotalus  mitchellii  angelensis  Klauber 
Angel  de  la  Guarda  Island  Speckled  Rattlesnake 

Fig.2:S9 

1677.  Crotalus  pyrrhus,  Streett.  Bull.  VS.  Nat.  Mus.,  no.  7.  p.  39. 

1887.  Crotalus  tnilclieli  (part)  Belding,  West  Amcv.  Sci.,  vol.  3,  no.  21.  p.  08. 

193G.  Crolaltts  mitchellii  pyrrhtis  (part)  Klauber,  Trans.  S.l).  Soc.  .Nat.  Hist.,  vol.  8,  no.  2,  p.  191. 
196S.  Crotalus  tnitchelU  angelensis  Klauber,  Trans.  S.D.  Soc.  Nat.  Hist.,  vol.  13,  no.  5,  p.  73.  Type 

locality  Puerto  Refugio,  Angel  de  la  Guarda  Island.  Gulf  of  California,  Mexico;  type  sped' 

men  8D5NH  51994. 

Range:— Angei  de  la  Guarda  Island,  Gulf  coast  of  Baja  California,  Mexico  (fig.  2:7)  . 


Crotalus  mitclicllii  mucrtensis  Klauber 

£1  Muerto  Island  Speckled  Rattlesnake 

Fig.  2:10 

1949.  Crotalus  milclicllii  mucrtensis  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  11,  no.  0,  p.  97. 

Type  locality:  £1  Muerto  Island,  Gulf  of  California.  Mexico;  type  specimen:  LMK  37447. 
1952.  Crotalus  mitehelti  ntuertensis  Klauber,  Bull.  Zo51.  Soc.  San  Diego,  no.  26,  p.  123. 

Range: — £1  Muctio  Island,  San  Luis  group.  Gulf  of  California  coast  of  Baja  California, 
Mexico  (fig.  2:7). 


"The  rule  of  nomenclature  tliat  frowned  on  the  use  of  a  terminal  it  in  names  formed  from 
modern  personal  names  and  which  caused  me  to  eliminate  such  endings  in  the  first  edition  of 

ihi'^^  work  i*-  no  longer  cffecti\e.  Such  ii  terminations  shonld  now  be  retained,  if  thcv  wore  initi- 
ally so  used  b)  tlie  original  describer  and  were  proper  and  valid  in  other  respects.  The  only  rat- 
tlesnake names  affected  are  Crotaha  uiilrhellii  Cope,  1861,  and  Sislrurus  ratetiattui  edwardsii, 
Baird  and  Girard.  1853.  Sec  International  Code  of  Zodlogical  Nomenclature.  Second  Edition, 
London,  1964,  Art.  32,  p.  3.5;  also  ArL  31,  p.  33  and  Appendix  D.  Ill,  p.  107.  [Publisher's  Note: 
Changes  in  terminations  of  tliese  two  names  were  made  by  the  author  in  chapters  2  and  3.  They 
have  not  been  changed  elsewhere.] 
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Ciotaliis  mitcheUii  pynrhus  (Cope) 
Southwestern  Speckled  Rattlesnake 

Fig.  2;41 

l9B6.Caudisona  pyrrha  Cope,  Proc.  Acad.  Nat.  Sd.  Phila.,  voL  18,  p.  308.  r>pc  locality:  not 
Stated,  but  known  from  the  type  Bpedmen  to  be  Canyon  Prieto,  Yavapai  County,  Arizona; 

type  specimen:  USNM  GGOfi. 
1875.  Crotalus  pyrrhus  Cope,  in  Yarrow,  Surv.  \V.  of  100th  Merid.  (Wheeler),  vol.  5,  chap.  5,  p.  535. 
1885.  CroUUtu  miteheUu  pyrrhus  (part)  Stejneger,  Rept.  U.  S.  Nat.  Mus.  for  1893,  p.  456. 
1922.  Crotalus  goUlmani  Schmidt,  Bull.  Anier.  Mus.  Nat.  Hist.,  vol.  4G,  art.  11,  p.  701.  Type  locality: 

El  Pinnn,  elevation,  5,300  ft.,  San  Pedro  Mlrtir  Mts.,  Baja  Califomia  del  Norte,  Mexico; 

type  specimen:  USNM  37573. 
1936.  Crotalus  miteheUii  pyrrhus  Klauber.  Trans,  San  Di^  Soc  Nat.  Hist.,  vol.  8.  no.  19,  p.  157. 
1952.  Crotalus  miteheUi  pyrrhus  Klauber,  BuU.  Zo&l.  Soc.  San  Diego,  no.  26.  p.  117. 

JZonge.-^uthem  California,  southern  Nevada,  southwestern  Utah,  western  Arizona, 

northwestern  Sonora.  and  northern  Baja  Cnlifornia,  including  the  following:  Califor- 
nia south  of  tlic  line  Barstow-Ivanpuh  (approximate  line  of  intergradution  with  C.  m. 
stephemi)  and  east  oi  long.  118'W.  (but  absent  from  the  San  Gabriel  iMouniains  and 
the  Los  Angeles  coastal  plain) ;  the  southern  tip  of  Nevada;  southwestern  comer  of 
Utah,  wrst-tcntral  and  southwestern  Ari/nna.  inside  tlic  Yww  \'irq;iii  Narrows  Williams- 
Casa  Grande-Ajo;  Baja  California  del  Norte,  south  to  the  northern  boundary  of  Dis- 
trito  del  Sur  (where  intergradatlcNi  with  C.  m.  mitcheUii  is  to  be  expected) ;  extreme 
northwestern  Sonora  (fig.  2:7) . 


Crotalus  mitcheUii  stephcnsi  Klauber 

Panamint  Rattlesnake 
Fig.  2:42 

1893.  Crotalus  tigris  Stejneger,  North  .^mer.  Fauna,  no.  7,  p.  21  !. 

1930.  Crotaltis  confluentus  stephensi  Klauber,  Trans.  San  Diego  5oc.  Nat.  Hist.,  vol.  6,  no.  3.  p.  108. 

Type  locality:  2  miles  west  of  Jackass  Springs,  Panamint  Mountains,  altitude  6,200  ft.,  Inyo 

County,  California;  type  specimen:  MVZ6699. 
1936.  Crotalus  mitchellii  stephensi  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8.  no.  19,  p.  162. 

Range: — The  mountain  and  rocky  desert  areas  of  east-central  California  and  south- 
western Nevada,  including:  the  eastern  slopes  of  the  Sierra  Nevada  from  southern  Mono 
County  to  southern  Kern  Cbunty,  and  eastward  in  California  through  the  desert  moun* 
tain  ranges  to  the  Nevada  line:  Nevada  west  and  south  of  the  line  Hawthorns 

Tonopah-St.  Thomas.  Intergradation  with  C.  m.  pyrrhus  ornirs  approximately  along 
the  line  Barstow-Ivanpah-Hoovcr  Dam,  which  thus  comiitutcs  the  southern  limit  of 
Stephensi  (fig.  2:7). 

Crotalus  molossus  molossus  Baird  and  Girard 

Northern  Black-l'ailed  Rattlesnake 
Fig.  2:43 

1853.  Crotalus  molossus  Baird  and  Girard,  Cat.  North  Amcr.  Rept.,  part  1,  p.  10.  Type  locality: 
Fort  Webster,  Santa  Rita  del  Cobre  [Grant  County],  New  Mexico;  type  specimen:  USNM  485. 

1854.  Crotalus  omatus  Haltowdl.  Proc  Acad.  Nat.  Sd.  Phila.,  vol.  7,  p.  192.  Type  locality:  near 
Pecos  River,  northwest  Texas;  type  specimen:  LSN.M  48G. 

1936.  Crotalus  molossus  molossus  Gloyd,  Occ.  Papers  Mus.  Zodl.  Univ.  Mich.,  no.  S25,  p.  2. 
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7?a«,q;<r; — Fiom  central  Tc\n«  to  •(voKtrrn  Aii/ona  ami  south  in  Moxito  to  southern 
Coahuila,  including:  the  limestone  area  north  and  west  of  San  Antonio,  and  irans-Fccos 
Texas;  New  Mexico  southwest  of  the  line  Gallup-AIbuquerque-Carlsbad;  Arizona,  from 
the  Grand  Canyon  and  Little  Colorado  River  south,  but  not  iticiuding  Mohave  County; 
northern  Sonera,  except  the  extreme  nortlnvcst.  northern  Cliiluiahiia,  and  norlhurstcrn 
Coahuila.  Also  Tibur6n  Island  in  the  Gulf  oi  California.  Inicrgradcs  with  C.  m. 
nigrescens  in  southern  .Sonora,  central  Chihuahua,  and  southern  Coahuila"**  (fig. 
2:2). 

Crotalus  molossus  estebanensis  Klauber 

San  Esteban  Island  Rattlesnake 
Fig.  2:44 

1922.  Crolalw;  rn(>!ns',us  (part)  Schmidt,  liiill.  Aiiicr.  Mu^.  Nat.  Hist.,  vol.  -16,  art.  II,  p.  C07. 
1936.  Crotalus  molossus  molossus  (part)  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8.  no.  20, 
p.  249. 

1949.  Crotalus  molossus  estebanensis  Klauber,  Trans.  San  Di^  Soc.  Nat.  Hist.,  vol.  11,  no.  6.  p. 
101.  Type  locality:  San  Esteban  Island,  Gulf  of  Califbmia,  Mexico;  type  specimen:  LMK 

26792. 

Range: — Found  only  on  San  Esteban  Island,  Gulf  of  California  (fig.  2:2). 

Crotalus  molossus  nigrescens  Gloyd 

Mexican  Black-Tailed  Rattlesnake 

VLi>.  2:45 

1887.  Crotalus  molossus  Carman,  Bull.  Essex  Inst.,  vol.  19.  p.  123  (p.  5  of  separate). 
1936.  Crotalus  molossiu  nigrescens  Gloyd,  Occ.  Papers  Mus.  Zo&L^  Univ.  Mich.,  no.  825,  p.  2. 
Type  locality:  4  miles  west  of  La  Colorada,  Zacatecas,  Mexico;  type  specimen:  MZUM  778SS. 

Range: — ^The  tableland  of  Mexico  from  southern  Sonora.  soiuhwestern  Chihuahua,  and 
southern  Coahuila  (these  arc  the  areas  of  intrpjradation  with  C.  tn.  molossus),  south 
ami  cusi  tlirou(;li  Uurango.  /acaiecas,  .X^uaMalicnics.  wciilern  San  Luis  Putosf.  Guana- 
juato. Quer^taro.  northwestern  Hidalgo,  northern  Michoadin,  M^ico  (state) .  and  Dis- 
trito  Federal,  to  east-central  \'eracruz  and  southeastern  Puebla.  Probably  also  occurs 
in  eastern  Jalisco,  Morelos,  TIaxcala.  and  northern  Oaxaca  (fig.  2:2) . 

Crotalus  polystictus  (Cope) 
Mexican  Lance-Headed  Rattlesnake 

1859.  Crotalus  li^ubris  (part)  Jan,  Rev.  Mag.  Zo9l.,  ser.  2,  vol.  10,  pp.  153.  156  (Prod.  Icon.  Desc. 

Oph.,  pp.  30,  31). 

ISfi^.  ('lohilm  /ni;),'^m'v  \.n.  uniltinitiruliilir"  |an,  Elcnto  Sisl.  (kgli  Ofidi,  p.  121.  T\[if  localitM 
Mexico;  type  .specimen:  Wcstphal-Castclnau  Collection,  present  disposition  unknown.  Type 
locality  subsequently  restricted  to  Tupitaro,  Guanajuato,  by  Smith  and  Taylor,  1950,  Univ. 
Kans.  Sd.  Bull.,  vol.  33,  part  2,  no.  8,  p.  330. 


*»The  area  of  inlcrgradation  between  tnolossus  and  nigrescens  is  a  complicated  one,  not  read- 
ily depicted  in  a  brief  outline  or  on  a  map.  For  details  see  Klauber.  19r»2.  p.  91. 

-'^1  lia\e  ^iven  fnilhcr  (onsiilci.itidii  to  the  rt'lalionsfiip  l)ftur<  ii  (\  »i.  ^^^f^/^'s^^<^  and  (.  h.  has- 
ilisctis  based  on  additional  specimens  of  tlic  latt<  r  from  northern  Sinaloa  an<l  soiiilu  rn  itonora 
and  have  not  changed  my  previously  expressed  opinion  that,  despite  certain  tendencies  of  the 
northern  specimens  of  basiliscus  toward  molossus,  they  are  separate  species.  It  will  require  mate- 
rial from  between  Cuaymas  on  the  north  and  Guirocoba  and  Alamos,  Sonora,  on  the  south,  to 
demonstrate  whether  there  are  any  important  evidences  of  intergradation  or  hybridization  be- 
tween the  two. 

^'The  International  Commission  on  Zoological  NonK'nclatinc.  in  Opinion  366.  Nov.  16,  1955. 
validated  the  more  generally  used  name  polystictus  for  this  snake  and  suppressed  the  older  name 

multimaculatus. 
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1865.  Caudisotia  polystietn  Cope.  Proc  Acad.  Nat.  .Sti.  Pliila..  vol.  17,  p.  191.  Type  locality:  Table 
Land,  Mexico;  tvpc  sjM'rimcn:  none  (ksigiiriicd.  Tvpc  locilitv  suhsr(jticiitly  rrstricted  lo 
Tupataro,  Guanajuato,  by  Smith  and  1  aylor,  1950.  Univ.  Kans.  Sci.  Bull.  vol.  33,  part  2,  no.  8, 

p.  sso. 

1875.  Croialus  polystietus  Cope,  in  Yarrow,  Surv.  W.  of  lOOUi  Merid.  <Wh^^)*  vol.  5,  diap.  4, 

p.  533. 

liTu .  Crotalus  jiincnezii  Duges,  La  .Natiiialcva.  vol.  4,  p.  23.  Type  localities:  Silao  [Guanajuato], 
Colima.  and  Guadalajara;  type  specimen:  none  designated.  Subiequenliy  Che  type  locality 
was  icstricicd  to  ( .und.ilajaia,  Jalisco,  by  Smith  and  Taylor,  1950,  Univ.  Kans.  Sci.  Bull.,  vol. 

part  2,  no.  f^,  p.  XU. 

/{rtF/gff.-— The  tableland  of  central  Mexico  from  southern  /acatecas  to  central  Veracruz, 
including:  southern  Zacatecas,  Aguascalicntcs,  eastern  Jalisco,  Guanajuulo,  .Vlichoacan. 
Distrito  Federal,  Morelos.  and  east-central  Veracruz.  Probably  occurs  in  the  interven- 
inR  ami  ;i(ijacini  stairs  of  QiKictaro.  Hidalgo.  Mc'vico.  TIaxcala.  Pucbla,  and  Oaxaca. 
A  record  from  southeastern  Oaxaca  needs  verification  (fig.  2:8) . 

Crotalus  price!  pricei  \'an  Dcnburgh 
Western  Twin-Spoitctl  Rattlesnake 
Figs.  2:46  and  2:47 

i89'.  ('r,i!n!'i\  jn'm-i  \an  Dciibmcjh.  Pioc.  Cnlir.  Afad.  Sci.,  scr.  2,  vol.  5,  p.  850.  T>pe  locality: 

Huachuca  Mountains  [Cochise  County],  Arizona;  type  specimen:  Stanford  1702. 
1927.  CrottHus  triseriatus  Amaral,  Bull.  Anlivenin  Inst.  Amer.,  vol.  1,  no.  2,  p.  52. 
1931.  Crot^us  triseriatus  prieei  Klauber,  in  Cithens  and  George,  Bull.  Antivenin  Inst.  Amer.,  vol. 

5,  no.  2.  p.  3.3. 

1910.  Crotalus  prUci  piirci  .Sniiih,  I'liiv.  Kaiis.  Sci.  Hull.,  vol.  31.  part  1,  no.  3,  j).  79. 

Ratline: — The  mountains  of  soulhcaMcrn  .Ari/ona  and  northwestern  Mexico,  including: 
the  Pinaleno  (Graham;,  Santa  Rita,  Huachuca,  and  Chiricahua  mountain^!  in  Arizona; 
and  the  Sierra  Tarahumare  and  Sierra  Madre  in  eastern  Sonora,  western  Chihuahua, 
and  Durangn  (fig.  2:8).  Probably  occurs  in  the  mountains  of  eastern  Sinaloa  and  north- 
ern Nayarit. 

Crotalus  price!  miquihuanus  Gloyd 

Eastern  Twin-Spotted  Rattlesnake 
Fig.  2:48 

1927.  Crotalus  I iim  i ial ti.s  iparl)  Aiu.n  .il,  Rull.  ,\nii\(  iiin  Inst.  Amer.,  \ol.  1,  no.  2,  p.  52. 
1936.  Crotalus  triseriatus  triseriatus  (part)  Rlauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8,  no. 
20,  p.  248. 

19¥).  Crotatus  triseriatus  miquihuanus  Gloyd,  Chi.  Acad.  Sci.  spec.  pub.  no.  4,  p.  102.  Type 

locality:  Cerro  Potosi,  near  Galeana,  Nuevo  Lc6n,  Mc.vico;  type  specimen:  CNHM  30850. 
1946.  Crotalus  pricei  miquihuanus  Smith,  Univ.  Kans.  Sci.  Bull.,  vol.  31,  part  1,  no.  3.  p.  79. 

/;rfnjL.'f'.— Soiitlicasterii  Ckiahuila.  southern  Nciivo  Ix-dn.  and  southwestern  Tamaulipas, 
Mexico  (liR.  2:8) 


**  A  spciiiiicti  (MZl'M  110878)  from  ncai  Rinc<)n  dc  Roinus,  Ai^iiascalicincs,  Mexico,  is  tem- 
porarily assigned  lo  this  subspecies.  lis  scale  (hai.i(leis  slunv  it  to  i)c  more  closelv  related  to 
C.  pricei  than  to  any  other  species,  and  it  i&  slightly  nearer  lo  C.  p.  miquiltuanus  than  to  C.  p. 
pricei.  Additional  specimens.  If  like  this  individual  in  their  major  characteristics,  will  justify  the 
description  of  a  new  subspecies,  or  maybe  even  of  a  new  species.  Tnlike  the  other  subspecies  of 
C.  pricei,  this  new  specimen  has  undivided  dorsal  blotches,  and  they  are  fewer  in  number  than 
in  the  pricei  subspecies.  Superfu iallv  the  new  specimen  resembles '/>tui7/u5,  from  which,  how- 
ever, it  differs  in  important  details  of  st|uamation. 
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Grotalus  pasiUiis  Klauber 

1  ancitaran  Dusky  Rattlesnake 
Fig.  2:49 

1908.  Crotalus  triseriatus  Gadow,  Through  Southern  Mexico,  p.  513. 

1936.  Crotalus  triseriatus  triseriatus  (part)  Klauber,  Trans.  San  Di^  Soc  Nat.  Hist.,  vol.  8,  no. 

20,  p.  247. 

1952.  Crotalus  pusiUus  Klauber.  Bull.  ZoSL  Soc.  San  Diego,  no.  26,  p.  S4.  Type  locality:  Tandtaio, 
ICidKMcte,  altitude  5.000  feet;  type  qtedmen:  CNHM  S9112. 

ilan^.'^Mountaina  of  western  Michoadin  and  southern  Jalisco,  Mexico  (fig.  2:10). 


Crotalus  ruber  ruber  Cope 

Red  Diamond  Rattlesnake 
Figs.  2:50  and  2:51 

1883.  Crotalus  adamanteus  atrox  (part)  Yarrow.  Bull.  U.  S.  Nat.  Mus..  no.  24,  p.  75. 

1892.  Crotalus  adamanteus  ruber  Cope,  Proc.  U.  S.  Nat.  Mus.,  vol.  14.  p.  690.  Type  locality:  un- 
designated; type  specimen:  USNM  9209,  recorded  as  being  from  southern  California.  Type 
locality  subsequently  restricted  to  Dulzura.  San  Diego  County.  California,  by  Smith  and 
Taylor.  1950,  Univ.  Kans.  Sci.  Bull.,  vol.  3.^,  part  2,  no.  8,  p.  356. 

1895.  Crotalus  ruber  Van  Denburgh.  Proc.  Calif.  Acad.  Sci..  scr.  2,  vol.  5.  p.  1007. 

1895.  Crotalus  atrox  ruber  Stejneger,  Rcpt.  U.  S.  NaU  Mus.  tor  1893,  p.  439. 

1917.  Crotalus  exsul  (part)  Grinndl  and  Camp,  Univ.  Calif.  Publ.  ZoOl.,  vol.  17.  no.  10,  p.  196. 

1022.  Croto/u«  atrox  elegans  Schmidt,  Bull.  Amcr.  Mus.  Nat.  Hist.,  voL  46,  art.  11,  p.  699.  Type 
locality:  Angel  dc  la  Guarda  Island,  Gulf  of  California,  Mtxico;  type  specimen:  USNM  64452. 
1949.  Crotalus  ruber  ruber  Klauber,  Trans.  San  Diego  Soc.  .Nat.  Hist.,  vol.  11,  no.  5,  p.  59. 

Range: — 1  he  CalKornias  from  lai.  34°  to  lat.  26''N.,  including:  southeastern  Los  An- 
geles and  Orange  counties  (but  excluding  the  Los  Angeles-Santa  Ana  plain),  the  south- 
westerly Morongo  area  of  San  Bernardino  County.  Riverside  County  west  of  the  desert. 
San  Diego  County,  .ind  extreme  southuestern  Imperial  County;  Raja  California,  Mexico 
(but  excluding  the  deserts  of  the  north  lying  east  of  the  Sierra  Ju^z),  south  to  Loreto, 
where  there  is  intergradation  with  C,  r.  lueasensis.  Also  Monserrate,  San  Marcos,  South 
San  Loremo,  Pond,  and  Angd  de  la  Guarda  islands,  all  in  the  Gulf  of  California 
(iig.2:l). 

Crotalus  ruber  lueasensis  \'an  Dcnburgn 
San  Lucan  Diamond  Rattlesnake 

Fis-  2:52 

1861.  Caudisona  atrox  sonoraensis  (part)  Cope,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  13,  p.  292. 

1875.  Crotalus  adamanteus  atrox  (part)  Cope,  Bull.  U.  S.  Nat.  Mus.,  no.  1,  p.  33. 

1920.  Crotalus  lueasensis  Van  DenlMirgh.  Proc  Calif.  Acad.  Sd.,  ser.  4,  vol.  10,  no.  2.  p.  29.  Type 

locality:  Agua  Caliente,  Cape  region  of  Baja  California;  type  specimen:  CAS  45888. 
1922.  Crotalus  atrox  lueasensis  Schmidt,  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  46,  art.  11,  p.  698. 
Wd.Crotaltu  ruber  lueasensis  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  voL  11,  no.  5,  p.  59. 

Range: — The  southern  part  of  the  Baja  California  peninsula  from  Loreto  (where  there 
is  intergradation  with  C.  r.  ni6er)  south  to  Cape  San  Lucas.  Abo  Santa  Margarita  and 
San  Jos6  islands  (fig.  2:1). 
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Grotahu  (cutnlatns  Kiitiilatiis  (Kennicott) 

Mojave  Rattlesnake 
Figs.  2:53  and  2:54 

1961.  Caudisona  scutulata  Kennicott,  Pioc.  Acad.  Nat.  Sci.  Phila.,  vol.  13,  p.  207.  Type  locality: 
not  gfiven;  type  specimen:  none  designated.-'  Type  locality  subsequently  restricted  to  Wicken- 
burg,  Maricopa  Ck>unty,  Arizona,  by  Smith  and  Taylor,  1950,  Univ.  Kans.  Sd.  Bull.,  vol.  $3, 
part  2»  no.  8,  p.  S5S. 

IV15.  Crotalus  srutulatu!;  Cope  in  Yartow,  Surv.  W.  <tf  100th  M«rld.  (Whcder).  voL  5.  chap.  4, 

p.  553;  see  also  p.  992. 
1875.  Crotatus  adamanteus  seutulatus  Cope,  Bull.  U.  S.  Nat.  Mus.,  no.  1,  p.  33. 
1895.  CrokUus  atrox  (part)  Sicjneger,  Rept.  U.  S.  Nat.  Mus.  for  189S,  p.  436. 

1929.  Crntalus  confluentus  kellyi  Amaral,  Bull.  Antivenin  Inst.  Amcr.,  toI.  2*  no.  4,  p.  91.  Type 

locality:  Needles,  California;  type  specimen:  LMK  194. 
1940.  Crotalus seutuUaus MutulaiM Gloyd.  Chi.  Acad.  Sd..  spec.  pub.  i,  p.  200. 

Range:— Twm  the  Mojave  Desert  in  California  southeast  to  south-central  Mexico!,  in* 
eluding:  Kern,  Los  Angeles  (Antelope  Valley),  and  San  Bernardino  counties  in  Call- 

fornia,  but  only  nn  the  desert  side  of  the  Tehachnpi,  San  Gabriel,  and  San  Bernardino 
mountains;  the  desert  valleys  of  Lincoln  and  Clark  counties,  Nevada;  extreme  south* 
western  Utah;  Arizona  south  and  west  of  the  line  Pierce  Ferry-Sedona-SaSord;  extreme 
southwestern  New  Mexico;  trans-Pecos  Texas;  northern  Sonora,  Chihuahua,  DurangOb 
western  and  soiitliern  f:oahiiila,  soutliern  Niicxo  I.ertn,  southwestern  Tamaulipas,  /ac- 
atccas.  Aguascalicntcs,  and  San  Luis  Poiosi.  Probably  occurs  in  eastern  Jalisco,  north- 
ern Guanajuato,  and  northwestern  Quer6tan>  (fig.  2:9) . 


Crotalm  .seutulatus  salvini  (iiiniher 

Huamantlan  Rattlesnake 

1895.  CroUUus  sehdni  GQnther.  Biol.  Cent.-Amer.,  Rept.  Batr.,  p.  193.  Type  locality:  Huamantla 
[Tlaxcala],  Mexico,  altitude  8,000  feet;  type  specimen:  BM  7S.1.1S.1  (later  changed  to 

1916.1.19.35). 

1896.  Crotaltu  seutulatus  (part)  Boulenger,  Cat.  Snakes  Brit.  Mus.,  vol.  3,  p.  575. 
1940.  Crotalus  tcutulntus satvini  Gloyd,  ChL  Acad.  Sci.,  spec.  pub.  4.  p.  201. 

iZange;— Querttaro,  Tlaxcala,  Puebla,  and  west-central  Veracruz.  Probably  occurs  in 
Hidalgo  (fig.  2:9). 


Crotalu.s  stejnegeri  Dunn 

Long-Tailctl  Rattlesnake 
Fig.  2:55 

1919.  Crotalus  stejnegeri  Dunn,  Proc.  Biol.  Soc.  Wash.,  vol.  32,  p.  214.  1  ype  locality:  Plumosas 
(sPlomoni).  Sinaloa,  Mexico;  type  spedmen:  USNM  46S86. 

Aange.^The  mountains  of  southeastern  Sinaloa  and  western  Durango,  Mexico,  (fig. 
2:10). 


»"Cope  (1900,  p.  1160)  refers  to  USNM  5021  as  the  type  of  C.  srut  filatus,  bnt  there  is  nothinf; 
in  the  museum  catalogue  to  confirm  lliis.  USNM  50L'l  is  actually  the  liead  of  a  C.  t'.  cerberus 
or  C.  V.  liclU-ri.  USNM  5027  is  a  seutulatus,  and  may  have  i)ccn  the  specimen  Cope  had  in  mind. 
Botli  specimens  were  sent  in  by  Dr.  B.  J.  D.  Irwin,  and,  although  ostensibly  from  Fort  Buchanan, 
Ariiona,  may  have  come  from  California  or  elsewhere,  as  indicated  by  other  specimens  in  the 
same  shipment.  USNM  5027  was  originally  catalogued  as  "Caudhona  lepturusr  under  date  of 
January  30.  1861.  This  may  be  a  name  originally  contemplated  by  Kennicott  for  this  species, 
which  would  suggest  that  this  was  the  type,  althouf^  Kennioott's  counu  of  the  labials  axe  not 
the  same  as  those  of  No.  5027. 
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Crotalus  tigris  KennicoU 

Tigci  Rattlesnake 

Fig.  2:5(] 

1859.  Cro/a/u-j  tigris  Keiinirotr.  in  Raird,  Repts.  of  Boundarv,  U.  S  \f(  \  Ildutuin  \ .  Sui  v  ..  vol.  2, 
p.  14.  Type  lotalily:  Sicira  Verde  and  Foio  Verde  (modern  maps  show  ilic  .'^icuu  Poxo 
Verde  on  the  Sonoian  side  of  the  U.  S.-Mexican  boundary  near  Sasabe.  Sonora);  type  sped* 
men:  USNM  471.  I'SN'M  172-!?  mav  ho  ronsidcrt-d  cotvpcs.  No.  173  is  now  PANS  7160. 

1931'Crotalus  tigris  Klaubcr,  Trans.  San  Diego  Sot.  Nat.  Hist.,  vol.  6,  no.  24,  p.  356. 

/{(tttgp.—The  rocky  desert  foothills  of  south  ciniril  Arizona,  and  Sonora,  from  norlli 
of  Phoenix,  Arizona,  via  l  ucjion.  lo  souttiern  Sonora,  Me.\ito,  including  the  following 
Arizona  mountain  ranges:  Humbug.  Phoenix,  Salt  River,  Estrella,  Santa  Catalina. 
Tucson.  Coyote.  Baboquivari  (Verde) .  .Sierrita.  and  Sanu  Riu  (fig.  2:7) . 

Crotalus  tortugcnsis  \'an  Deiibuigh  and  Slevin 

Torcuga  Island  Diamond  Rattlesnake 

Fig,  2:57 

1921.  Crotalus  tortugensis  Van  Denburgh  and  Slevin,  Proc.  Calif.  Acad.  Sci.,  scr.  4,  vol.  11,  no.  17. 
p.  398.  Type  locality:  Tortuga  Island,  Gulf  of  California,  Mexico;  type  specimen:  CAS 
50515. 

1929.  Criitaltts  atrox  sotimaenis  (part)  ,\inaral,  Bull.  Antivenin  Tnst.  .Amcr.,  vol.  2,  no.  4,  p.  85. 
1933.  Crotalus  atrox  tortugensis  Stejneger  and  Barbour,  Check  List,  N.  Amer.  Amp.  RepC,  ed.  3, 
p.  133. 

Range: — Known  only  from  the  type  locality  (Hg.  2:1). 

Crotalus  transversiu  Taylor 
Cross-Banded  Mountain  Rattlesnake 

1940.  Cfoto/iw  Msgriatus  anahuaeus  Martin  del  Campo,  Analet  Imt.  Biol._Mex.,  vol.  II,  no.  2, 

p.  742. 

1944.  Croiaiiu  tramversus  Taylor,  Univ.  kans.  Sci.  Bull.,  vol.  3U,  pari  1,  no.  4,  p.  47.  Type  local- 
ity: near  Tres  Marias  (Tn»  Cumbres),  about  55  km.  southwest  of  Mexico,  D.  F.  in  More- 
lo^  Mexico,  elevation  about  10.000  ft.;  type  specimen:  EHT-HMS  30001. 

Range:— Mfodco  (state),  Dlstrito  Federal,  and  northwestern  Morelos  (fig.  2:^. 

Crotalus  triseriatiis  triseriatus  (Wagler) 

Central-Plateau  Dusky  Rattlesnake 

Fig.  2:58 

L'ropsnphus  tri<>cr{atu<;  \VagIer,  \at.  Syst.  .Amph.,  p.  17^.  Type  locnlilv:  Mexico;  ivpe 
specimen:  originally  in  the  collection  of  the  Kunig.  L'nivers.  zu  Berlin.  1  ype  locality  sub- 
sequently restricted  to  Alvarez.  San  Luis  Potosl,  by  Smith  and  Taylor,  1950,  Univ.  Kans. 
Sci.  Bull.,  vol.  33.  part  2,  no.  8,  p.  .S42." 
\%ii.Crot<Uut  triseriatus  Gray,  Synopsis  Spec.  Class  Rept.  in  Griffith's  Animal  Kingdom  by 
Cuvier,  vol.  9,  p.  78. 

1859.  Crotalus  lugubris  Jan.  Rev.  Mag.  Zodl..  ser.  2.  vol.  10,  pp.  153, 156  (Prod.  Icon.  Desc.  Ophid., 
pp.  28,  31).  Type  locality:  Mexico;  type  specimen:  Milan  HU."  now  destroyed. 

"Davis  and  Smith  (Herpetologica,  vol.  8,  part  4,  p.  141)  give  reasons  for  considering  Laguna 

Zempoala,  state  of  Mexico,  to  be  the  type  locality. 

'"  This  rc-triction  is  not  valid,  since  triseriatui  triseriatus,  as  now  defined,  does  not  range  into 
San  I.uis  I'olosi.  Ah  arc/  is  the  type  locality  of  tlie  subspecies  C.  /.  (Kjuiltis. 

litis  species  was  originally  composite.  'I'he  lectotypc  was  fixed  by  Klauber,  Copeia,  no.  1. 
p.  17, 1940. 
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\%95.Crotalui  paUidus  GOnthcr,  Biol.  Ctin.  Amcr.,  Rept.  Bair..  p.  1!)3.  Tvpc  locality:  CUy  of 
Mexico;  type  sppcimcn:  BM  68.1.7.23  (luwly  assignrd  number  1910.1.17.70). 

l^il.  Crotalus  triseriatus  triseriatus  (part)  klaubcr,  in  Giiticns  and  Geurge,  Bull.  Anlivcnin  Inst. 
Amer.,  vol.  5,  no.  2,  p.  SS. 

WHO.  ('■i  fi!<i!tis  iriseriattis  Iriseriattis  (part)  Gloyd,  Chi.  Acad.  Sd.  qiCC.  pub.  4,  p.  84. 

IQiO.Crotalits  hisrriatus  anahiiarus  Gloyd,  Chi.  Acad.  Sci.  spec.  pub.  4.  p.  91.  Type  locality: 
Valley  of  Mexico;  type  specimen:  MCZ  33681.  Type  locality  subsequently  restricted  to 
Coyoaciii.  Disirito  Federal,  Mexico,  by  Smith  and  Taylor.  1950.  Univ.  Kans.  Sd.  BulL, 
vol.  33,  part  2,  no.  8,  p.  S29. 

1952.  Crotalus  triseriatus  triseriatus  Klauber,  Bull.  Zool.  Soc.  San  Diego,  no.  26,  p.  19. 

Range: — Central  Mexico  from  Na\:itit  to  ucst  ccnttal  \'cracriiz,  induding:  Nayarit, 
Jalisco,  MiduMdU),  M(^xico  (state),  Distrito  I  ederal.  Morclos,  Fuebla»  and  west-central 
Voracniz.  Pnibably  occurs  In  "Tlaxcala  ((ig>  2:7). 

Crotalus  triseriatus  aquilus  Klauber 

Queretaran  Dusky  Rattlesnake 
Fig.  2:59 

1877.  Crotalus  lugubris  Dugis,  La  Naturaleza,  vol.  4,  p.  26, 

1885.  Crotalus  triseriatus  Cope,  Proc.  Amrr.  Philos.  Soc.,  vd.  22.  p.  286. 

1931.  Crota/uf  triseriatus  triseriatus  (pan)  Klauber,  in  Githens  and  George,  Bull.  Aniivenin  Inst. 
Amer.,  vol.  5,  no.  2,  p.  SS. 

1952.  CrotsUus  triseriatus  aquUus  Klauber,  Bull.  Zo51.  Soc.  San  Diego,  no.  26.  p.  24.  Type  lo- 
cality: near  Alvarez.  San  Luis  Potosi,  Mexico;  type  spedmen:  MCZ  27843. 

/tVmgtf.— Southern  San  Luis  Potosi,  Ciuaii  i  ju  iii  ■  northcislcrn  Michoacan,  Qucrd-laro, 
northern  Mexico  (stale)  ,  and  Hidalgo.  Mexico.  Will  probably  lie  found  in  northwest- 
ern \<-r;K  rii/  (dg.  2:7)  . 

Crotalus  unicolor  van  Lidth  de  Jeude 

Aruba  Island  Rattlesnake 
Fig.  2:60 

1887.  Crotalus  horridus  var.  unicolor  van  Lidth  de  Jeude,  Notes  Leyden  Mus..  vol.  9.  no.  8.  p.  ISS. 

Type  locality:  Artiba  Isiatnl.  Netherlands  West  Indies;  type  specimens:  Leyden  Mus.  613 

and  1579  (see  Bvoiif^ersina  below). 
1896.  Crotaftis  terrifuus  (part)  Boulenger,  Cat.  Snakes  Brit.  Mt».,  vol.  3,  p.  573  (574). 
1905.  Crotalus  puMs  Ditmars,  Ninth  Ann.  Rept.  N.Y.  Zo5l.  Soc.,  p.  199.  Type  locality:  Managua, 

Nicaragua  [actual  locality  doubtful];  type  specimen:  MCZ  7041. 
1936.  Crotalus  unicolor  Klauber,  Occ.  Papers  San  Diego  Soc.  Nat.  Hist.,  no.  1,  p.  4. 
19S7.  CroMfttf  terrifieus  terrifu  us  (part)  Amaral,  Mem.  Inst.  Butantan,  vol.  10,  no.  8,  p.  161  (162). 

1940.  Crotalus  durissus  unicolor  Brongersma,  Studies  of  Fauna  of  Cura^,  Aruba,  Bonaire  and 
the  Venezuelan  Islands,  no.  8,  p.  131  (p.  18  of  separate). 

Aonge.'^ATuba  Island,  off  the  coast  of  Venezuela  (fig.  2:5). 

Crotalus  vegrandis  Klauber 

Uracoan  Rattlesnake 
Fig.  2:61 

1941.  Crotalus  vegratulis  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  9,  no.  SO.  p.  334.  Type 
locality:  Maturin  Sa\annah.  near  Uracoa,  Sotillo  District,  state  of  Monagas.  Venezuela;  type 

specimen:  CM  173S1. 

Range: — ^Known  only  from  the  type  locality  (fig.  2:5). 
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Crotalus  viridis  viridis  (Rafmesque) 

Prairie  Rattlesnake 

Vhr.  2:02 

Crotaiinus  viridis  Ratinesque,  Aiucr.  Motuli.  Nfag.  &  Crit.  Rev.,  vol.  4,  no.  1,  p.  41.  Type 
locality:  the  Upper  Missouri  [VallcyJ;  ty]^c  specimen:  none  dcbigttatcd.  Type  locality  SUbM> 
quenth  icstrictcil  i<>  Cross,  Boyd  County,  Nebraska,  by  Smith  and  Taylor,  1950,  Unhr. 

Kans.  Sci.  Bull.,  vol.  ,"^.'5.  pari  2,  no.  8,  p.  3.58. 
11^20.  Crotalurus  viridis  Ralmcsqiic.  Ann.  N'al.,  no.  I,  p.  5. 

l82S.Crota/uf  confiuentus  Say,  in  Long's  Exped.  from  Pittsburgh  to  Rocky  MdutitaiiM,  edited 
by  Edwin  James,  vol.  2.  p.  48.  footnote.  Type  locality:  vicinity  of  tlie  Rocky  Mountains;* 

type  spcfimcn:  in  Phil.Tdelphi.i  Miiscnm,  present  (lisposition  miknown. 
1852.  Crotalus  lecontei  Hallowcll,  Proc.  Acad.  Nat.  Sci.  Phila..  vol.  6,  p.  180.  Type  locality:  Cross 

Timbers  [in  what  Is  now  Oklahoma];  type  specimen:  USNM  42SS.  now  lost.* 

Crotalus  confiuentus  var.  pulverulentus  Cope,  Proc.  .\cad.  NaU  Sd.  Phila..  vol.  35,  p.  11. 

Type  locality:  Lake  \'alle\  [Sierra  Countvl,  New  Mexico;  tyi>e  specimen:  PA.NS  1071.5. 

Crotalus  contluenlus  var.  conlluentus  Cope.  I'roc.  Acad.  Nat.  Sci.  Phila.,  vol.  35,  p.  11. 
19S6.  Crotalus  viridis  viridis  Klauber.  Trans.  San  Diego  Soc  Nat.  Hist.  vol.  8,  no.  2.  p.  191. 

Range: — The  Great  Plains  from  long.  96*  W.  to  the  Rocky  Mountains  and  from  southern 

Canada  to  extreme  northern  Mexico,  including  the  following:  southwestern  Saskatche- 
wan south  of  the  South  Saskatchewan  River  and  west  of  long.  107°  30'  W.);  south- 
eastern .Alberta  (south  of  the  Red  Deer  River  and  east  of  long.  113°  W.);  Montana, 
except  the  higlier  mounuins  in  the  west;  the  Lemhi  Valley  in  Idaho;  Wyoming  east 
of  the  Rockies;  Colorado  (except  in  the  higher  mountains,  and  in  the  basins  of  the 
Colorado  and  Cirrrn  rivers  west  of  the  Omiinental  Divide);  extreme  soiiilieastern 
Utah  and  northeastern  Arizona  (San  Juan  River  basin);  New  Mexico,  except  the  west- 
central  mountains;  extreme  northeastern  Sonora,  northern  Chihuahua,  and  northern 
Coahuila,  near  the  U.  S.  boundary;  southwestern  North  Dakota  (west  of  the  Mi.ssouri 
River  but  including  the  first  tier  of  counties  on  the  eastern  hank);  western,  central, 
and  extreme  southeastern  South  Dakota;  Plymouth  and  Woodbury  counties,  western 
Iowa:  central  and  western  Nebraska;  central  and  western  Kansas;  Oklahoma  west  ot 
Woods  and  Custer  roimties;  die  ranliatidlo,  atid  westeni  ami  soiithuestern  Texas.  This 
rattler  of  the  western  Misisssippi  basin  plains  intergrades  with  C.  v.  oreganus  in 
east-central  Idaho;  with  C.  v.  nuntius  in  northeastera  Arizona;  and  fddi  C.  v,  eoncolor 
in  southeastern  UUh  (fig.  2:6). 


Crotalus  viridis  abyssus  Rlauber 
Grand  Catiyon  Rattlesnake 
Fig.  2:6.S 

1930.  Crotalus  conlluentus  abyssus  Rlaubcr,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  6,  no.  3,  p.  114. 
Type  locality:  Tanner  Trail,  300  ft.  below  the  south  rim  of  the  Grand  Canyon.  Coconino 

County,  Arizona;  type  specimen:  I.MK  22Ifi. 
1936.  Crotalus  viridis  ahyssus  Klauber.  I  raiis.  San  Diesjo  Soc.  Nat.  Hist.,  vol.  S,  no.  20.  p.  191. 

Range: — The  Grand  Canyon  of  the  Colorado  River,  Grand  Canyon  National  Park, 
.Arizona,  from  the  north  to  the  south  rim.  Intergrades  with  C.  v.  nuntius  along  the 
south  rim.  and  with  C.  v.  lutosus  in  the  northwest  corner  of  its  range  (fig.  2:6). 


"From  the  itinerary  on  the  date  (July  18,  1820)  when  the  type  was  said  to  have  been  collected, 
the  type  locality  can  be  presumed  to  be  the  vicinity  of  Bell  Springs,  Colorado. 
*.See  Stejneger  in  Amaral.  Bull.  Antivenin  Inst.  Amer.,  vol.  2,  no  4.  p.  87. 
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Grotalus  viridis  caliginis  Klauber 
Coronado  Island  Rattlesnake 
Fig.  2:64 

1877.  Crolalus  ndnmantcus  alrox  Streets,  Bull.  U.  S.  Nat.  Mus.,  no.  7,  p.  40. 
lB96.Cro!alus  conjiuoUus  (part)  Boulcngcr.  Cat.  Snakes  Brit.  Miis.,  vol.  3,  p.  .576. 
1905.  Crotalus  oregonus  Van  Denbiirgh,  Proc.  Calif.  Acad.  Sci.,  ser.  3,  vol.  4,  no.  1.  p.  18. 
1989.  Crotefttt  eonftuentuM  oreganm  (part)  Atnaral,  Boll.  Antivcnin  Irot.  Am«r.,  vol.  2,  no.  4, 
p.  92. 

1936  Crntalm  viridU  oregmus  (part)  Klauber,  Trans.  San  Dkgo  Soc  Nat.  Hist.,  voL  8,  no.  20, 

p.  191. 

1949.  Crotalus  vMdis  atfigfnir  Uauber,  Trans.  San  J^ega  Soc  Nat.  Hist.,  vol.  II,  no.  6^  p.  90. 
Type  locality:  South  Coronado  Island,  northwest  ooast  of  Baja  California,  Mexico;  type 
specimen:  LMK  2800. 

Range:— Known  only  from  the  type  locality  (fig.  2:6). 

Ooulus  viridis  cerberus  (Cones) 

Arizona  Black  Rattlesnake 
Fig.  2:65 

1866.  Caudisona  lueifer  Cope,  Proc.  Acad.  Nat.  Sd.  Phila.,  vol.  18,  p.  307. 

\9i75.  Caudisona  lueifer  var.  cerberus  Coues,  Surv.  W.  of  lOOtl;  Mcrid.  (WhccIcr),  vol.  5,  chap.  5, 
p.  606.  'lype  locality:  San  Francuco  Mountains,  Coconino  County,  Arizona;  type  speci> 
mens:  fidd  numbers  509  (»PANS  7085?)  and  511  (aPANS  7088).  There  were  two  other 
syntypes,  PANS  7066-7,  whose  present  whercalKxits  is  not  known. 

\8S5.  Crotalus  oregontis  var.  rcrbrrus  Garman,  Mem.  Mus.  Cotnp.  Zool.,  vol.  8,  no.  3,  p.  137. 
1936.  Crotalus  viridis  oreganus  (part)  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8,  no.  20, 
p.  191. 

1949.  Orotalus  vbridis  cethtnu  Klauber,  Trans.  San  lik%f>  Soc.  Nat.  Hist.,  vol.  11.  no.  6,  p.  83. 

ilonge.''— Ariiona,  from  the  Hualpai  Mountains  and  Cottonwood  CliSi  In  the  north- 
west, southeast  to  the  Santa  Qtialina.  Rincon,  Pinaleno,  and  Blue  mountains;  also 
Steeple  Rock,  in  extreme  western  New  Mexico  (fig.  2:6). 

Giotaliu  viridis  conctdosr  Klauber 

Midget  Faded  Rattlesnake 
Fig.  2:66 

1915.  Crotalus  orrgonus  (part)  Van  Oenburgh  and  Sievin,  Proc  Calif.  Acad.  Sd.,  ser.  4,  vol.  5, 

no.  4,  p.  109. 

1929.  Crotalus  eoneolot"^  Woodbury,  Bull.  Univ.  of  Utah,  vol.  20,  no.  6,  p.  [2].  Type  locality:  King's 
Ranch,  at  the  base  of  the  Henry  Mountains,  Garfield  County,  Utah;  type  qiedmen:  Utah  300. 

1950.  Crotalu'i  nntfluentns  decolor  KIaul)er,  Tr.nii'i  S;in  Diego  Soc.  Nat.  Hist.,  vol.  6,  no.  3,  p. 
111.  Type  locality:  Grand  Junction,  Mesa  County,  Colorado;  type  specimen:  CNHM  923. 

19S0.  Crotalus  virtdU  concolor  Klauber,  Tram.  San  Diego  Soc  Nat.  Ifist..  vol.  8.  no.  20,  p.  191. 
1940.  Crotaivs  viridis  decolor  Gloyd,  CU.  Acad.  Sd.  spec  pub.  4,  p.  216. 

Range: — The  basins  of  the  Colorado  and  Green  rivers,  including:  a  smaU  area  in 
southwestern  Wyoming;  Utah  cast  of  lotig.  Ill"  W..  except  the  southeastern  comer; 
and  extreme  cast-central  Colorado  (iig.  2:6). 


"  The  Intemalional  Commission  on  Zoological  Nomenclature  in  Opinion  339,  March  17,  1955, 
validated  eona^  as  the  name  for  this  snake,  suppressing  concolor  Jan.  1859,  a  synonym  of  hor- 
Hdus.  C.  V.  concolor  Woodbury,  1929,  takes  preoedence  over  C.  v.  decolor  Klauber,  19S0~ 
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Cmtahis  Tiridit  hdteri  Meek 

Southern  Pacific  Rattlesnake 
Fig.  2:67 

1859.  Croiolus  Iccnntcl  (part)  Hallowell  (not  oE  Hallowell,  1852),  Pac.  R.  R.  Surv.  (Willuunson 

route),  vol.  10,  pan  4,  p.  18. 
1859.  Crotalus  lucifer  Cope,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  11,  p.  337. 

188S.  Croto/ttf  eonfiumtus  var.  luc^er  (part)  Cope,  Proc.  Acad.  Nat.  Sd.  Phila.,  vol!  S5>  p.  11. 

1898.  Cro/a/H5  oregonus  (part)  Van  Dcnburgh,  Proc.  Amcr.  Philos.  Soc,  vol.  37,  no.  l.')7,  p.  141. 
1905.  Crotalus  helleri  Meek,  Field  Col.  Mns.,  Zool.  Scr.,  vol.  7,  no.  1,  pub.  104,  p.  7.  Type  locality: 

San  Jos^  [lat.  31^  N.].  Baja  California,  Mexico;  type  specimen:  CNHM  1272. 
1929.  Crotalus  amfiuentus  oreganus  (part)  Amaial,  Bull.  Antivenin  Inst.  Amcr..  vol.  2,  no.  4,  p.  92. 
1936.  Crotalus  vMdis  oreganus  (part)  Klauber,  Trans.  San  Di^  Soc.  Nat.  Hist.,  vol.  8.  no.  20. 

p.  I'Jl. 

1949.  Crotaltis  viridis  helleri  Klauber.  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  11.  no.  6,  p.  77. 

Range: — Southern  California  and  northern  Baja  California,  west  of  the  desert,  from 
aouthwestem  San  Luis  Obispo  and  Kern  counties,  throu^  Santa  Barbara,  Ventura, 
Los  Angeles,  southuestcrn  San  Rcrnardino,  Orange,  western  Riverside,  San  Diego,  ami 
extreme  southwcsiern  Imperial  counties;  also  south  through  Baja  California  to  lat. 
28"  SO*  N.;  also  Santa  Caulina  Island,  Los  .\ngclcs  Count),  California.  Intcrgrades 
with  C.  V.  oregwntu  along  the  line  Lebec-Shandon-Cape  San  Martin  (fiff.  2:6) . 

Crotalus  viridis  iutosus  Klauber 

Great  Basin  Rattlesnake 
Fig.  2:68 

1859.  Crotalus  lucifer  Baird,  Pac.  R.  R.  Surv.  (Williamson),  vol.  10,  part  4,  p.  10. 
1875.  Crotef u«  amfiuentus  (part)  Yarrow,  Surv.  W.  of  100th.  Merid.  (Wheeler),  vol.  5,  chap.  1. 
p.  9S0. 

1883.  Crotalus  eonfluenlits  luciffr  I'pait)  Cope,  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  35.  pp.  11,  19.  22. 
1892.  Crotalus  confiuentus  leconlei  Cope.  Proc.  U.  S.  Nat  Mus.,  vol.  14,  no.  882,  p.  692. 
1898.  Cro(«fttt  oreganus  ^art)  Van  Denburgh.  Proc.  Amer.  Philos.  Soc.,  vol.  S7.  no.  157,  p.  141. 
\92.^.  Crotaltis  confiuentus  kellyi  (part)  Amaral,  Bull.  Aniivt  iiin  Inst.  Amcr.,  vol.  2,  no.  4,  p.  91."^ 
1980.  Cro/a/i/5  confiuentus  Iutosus  Klauber,  Trans.  San  Diego  .Soc.  Nat.  Hist.,  vol.  6,  no.  .1,  p.  100. 

Type  locality:  10  miles  northwest  of  Abraham  on  the  road  to  Joy,  Millard  County,  Utah; 

type  specimen:  LMK  1814. 
19S6.  Crotafuff  viridif  Iutosus  Klauber.  Trans.  San  Di^  So&  Nat.  Hist.,  vol.  8,  no.  20.  p.  191. 

Range: — The  Great  Basin  between  the  Rocky  Mountains  and  the  Sierra  Nevada  in- 
cluding: Idaho  south  of  lat.  44"  N.;  Utah  west  of  long.  Ill"  W.:  .Arizona  north  and  west 
of  the  Colorado  River  and  the  nortli  rim  of  the  Grand  Canyon;  ail  Nevada  except 
Esmeralda,  southern  Nye,  and  Clark  counties;  California,  east  of  the  Sierra  Nevada, 

from  Lower  Klamath  Lake  south  to  below  Mono  Lake;  Oregon  south  and  east  <rf  the 
line  Upper  Klamath  Lake-Fort  Rock-Burns-Council  (Idaho),  this  being  the  approxi* 
mate  line  of  intergradation  with  C.  v.  oreganus  (fig.  2:6). 

Crotalus  viridis  nuntiiu  Klauber 

Hopi  Rattlesnake 
Fig.  2:69 

1R83.  Crotalus  confiuentus  'part)  Yarrow,  Bull.  I'.  S.  Nat.  Mu<i.,  no.  21,  p.  "7:" 

1935.  Crotalus  confiuentus  nuntius  Klauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  8,  no.  13, 

.Aniaiul's  kcHyi  uas  li  composite  of  C.  t.  lutosu',  and  C.  s,  m  u ! ';!itt  us.  Because  the  types  be- 
longed to  the  latter  subspecies,  kellyi  must  Ix  considered  a  synonym  uf  scutulatus. 

"This  reference  is  based  on  USNM  4251,  a  spcdraen  of  nuntitu  from  San  Francisco  Mountain, 
Arimna,  although  incorrectly  stated  by  Yarrow  to  have  come  from  San  Francisco.  California. 
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p.  7S.  Type  locality:  Canyon  Diablo,  Coconino  County,  Arizona;  type  specimen:  LMK  3105. 
1936.  Crolalus  ifiridis  nuntiui  Klaubci,  Trans.  San  Diego  Soc.  Xat.  Hist.,  vol.  8,  no.  20,  p.  191. 

Range: — Northeastern  and  norih-tciural  Arizona  from  the  .New  Mexican  line  to  Cater* 
act  Creek,  including  the  lollowing:  the  basin  of  the  Little  Colorado  River;  the  south- 
em  pan  of  the  Apache  Indian  Reservation;  the  Hopt  Indian  Reaervation;  and  the 

Coioiiiiiii  Plateau,  from  the  south  rim  of  the  Grand  Canyon  south  to  U.  S.  Highway 

66.  Imn  i:i  .itlcs  vvitli  C.  s'.  I'iridis  nlons^  the  iioi  lhc;i'-trrn  edf^c  of  Its  langCi  and  with 
C.  V.  abyi-siis  alun<;  the  south  rim  ol  itie  Grand  Canyon  (hg.  2:6). 


Crotalus  viridis  oieganus  Holbrook 

Northern  Pat  ifit  Rattlesnake 
Figs.  2:70  and  2:71 

IMO.Cru! (litis  (»,i^anus  Holbrook.  North  .Amcr.  Herp.,  cd.  1,  vol.  1,  p.  llfi.  Type  locality: 
banks  of  the  Oregon  or  Columbia  River  [probably  between  \\alla  \Vall:i,  \Vashin<^ton, 
and  the  Pacific  Coast];  type  specimen:  PANS  7158.  Tyjjc  locality  subscqueittiy  teslricted 
to  The  Dalles,  Wasco  County,  Oregon,  by  Smith  and  Taylor,  1950.  Univ.  Rans.  Sci.  Bul]„ 
vol.  S3,  part  2,  no.  S,  p.  3f)0. 

1852.  Crntalus  liicifer  Baird  and  Girard.  Proc.  .\tad.  Nat.  Sci.  Phila.,  vol.  6,  p.  177.  Type  locality: 
Oregon  and  California;  type  specimen:  UiiNM  7762  (Oregon). 

1859.  Crotalus  leeontei  Hallowell.  Pac  R.  R.  Surv.  (Williamson),  vol.  10,  part  4,  no.  1,  p.  18. 

1868.  Cro/a/tM  hallowelli  Cooper,  in  Cronise,  Nat.  Wealth  Calif.,  p.  183.  Type  locality:  southern 
counties  fnf  California]  west  of  the  Sierra;  type  specimen:  none  designated.  A  nomen 
nudum  for  lack  of  tlcscription."* 

188S.'Cro(aftts  confiuentus  tueifer  Cope.  Proc.  Acad.  Nat.  Sci.  Phila.,  vol.  35,  p.  II. 

1920.  Crntiilns  confiuentus  nreganus  (part)  Amnrril,  Rull.  Atitivcnin  Inst.  .Amcr.,  vol.  2,  no.  I,  p.  92. 

1936.  Crotalus  viridis  oreganus  (part)  Klauber.  1  runs.  San  Diego  Soc.  Nat.  Hist.,  vol.  8,  no.  20, 
p.  191. 

1949.  Crota/ttt  viridis  oreganus  Klauber,  Trans.  San  Dieg9  Soc.  Nat.  Hist.,  vol.  11,  no.  6,  p.  67. 

Jlon^.-^The  Pacific  slope  from  British  Columbia  south  to  San  Luis  Obispo  and  Rem 
counties  in  California,  including  tbe  following:  south-central  Rtiiish  Columbia  within 
the  triangle  Lillooct-Shushwap  Lake-Osoyoos,  and  east  along  the  U.  S.  border  to 
Christina  Lake,  and  possibly  to  Waneta;  Washington,  east  of  the  Cascade  Moun- 
tains (except  the  extreme  northeastern  comer;  the  westem  edge  of  Idaho  from  Coeur 

d'AIcnc  '-'luth  to  near  Council  and  Weiscr;  northern  anil  western  Oirf;on,  but  not  in 
tlie  Cascade  Mountains;  and  California  west  of  the  Sierra  Nevada,  south  to  .San  Luis 
Obispo  and  Kem  counties.  Also  Morro  Rock  off  San  Luis  Obispo  County.  Intergrades 
with  C.  I'.  7'iridis  up  to  the  Clearwater  and  Salmon  Ri\ers  in  Idaho;  witii  lutosm  in 
western  Idaho,  southeastern  Oregon,  ami  nortlu  isict n  Cilifovnia:  and  with  C.  x'. 
helleri  at  alx)Ul  the  line  Lel)CC-$handon-Capc  .Sun  .\lanin  in  kern  and  San  Luis 
Obispo  counties  (fig.  2:^ . 


Amaral,  Bull,  .\ntivenin  Inst.  Amer.,  vol.  2,  no.  4,  p.  91.  1929,  considered  specimens  of  this  form 
to  be  intermediate  between  Crotalus  confiuentus  confiuentus  {^C.  v.  vindis)  and  C.  c.  kellyi. 
His  C.  e.  kellyi  was  a  composite  of  €.  v.  lutosus  and  C.  s.  scutulatus;  the  tvpc  specimens  belong 

to  the  liilter  subspecies. 

Subscquenih  placed  in  the  synonymy  of  C.  v.  oreganus  (with  a  question  mark)  by  Steineger, 
1895,  Rept.  U.  S.  Nat.  Mus.  for  1893,  p.  445,  and  (without  question  mark)  by  Van  Denbui^rii, 
1922,  Occ  Papers  Calif.  Acad.  Sci.,  no.  10,  vol.  2,  p.  932. 
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Crotalus  willardi  willaidi  Meek 

Arizona  Ridge-Nosed  Rattlesnake 
Fig.  2:72 

1905.  Cro/a/iu  willardi  Meek.  Field  Columbian  Mus..  pub.  104.,  2oSL  Stt^  wA,  7,  no.  I,  p.  18. 
Type  locality:  above  Hamburg,  middle  branch  of  Ramsey  Canyon,  Huaduica  Mountaim 

I'nititudo  about  7.000  ft.).  Cocliisc  County,  Arizona:''  tvpe  specimen:  CN'HM  902. 
I9i9.  Crotalus  u-illardi  willardi  Kiauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  11,  no.  8,  p.  125. 

Rajif^e:— The  Huachuca  and  Santa  Rita  moiuiciins  of  southeastern  Arizona;  and  the 
Sierra  dc  los  Ajos  and  Sierra  A/.ul  in  noillR-ni  Souoia  (iig.  2:3). 

Crotalus  willardi  amabilis  Anderson 

Del  Nido  Ridgc-Nosed  Rattlesnake 

Fi-  2:73 

1962.  Crotalus  willardi  amabilis  Anderson,  Copeia,  no.  1,  p.  160.  Type  locality:  Arroyo  MestcAo, 
Kena  del  Nido.  Chihuahua,  Mexico,  altitude  8,500  ft.:  type  specfanen:  MVZ  68896. 

Aange:— Known  only  from  the  Sierra  del  Nido.  north-central  Chihuahua,  Mexico 
(fig.  2:S) . 

Crotalus  willardi  mendionalis  Kiauber 

Southern  Ridge-Nosed  Rattlesnake 
Fig.  2:74 

1936.  CroUUitt  wUbtrdt  (putt)  Kiauber.  Trans.  San  Diego  Soc  Nat.  Hist.,  vol.  8,  no.  20,  p.  251. 

1949.  Crotalus  iciUardi  mcrtdionalis  Kiauber,  Trans.  San  Diego  Soc:.  Nat.  Hist.,  vol.  11,  no.  8, 
p.  131.  Type  locality:  Coyotes,  Durango.  Mexico,  altitude  8,000  ft.;  type  specimen:  LMK  6569. 

Range: — Southern  Durango  and  southwestern  Zacatecas,  in  west-central  Mexico  <fig. 

2:3). 

Crotalus  willardi  silus  Kiauber 

West  Chihuahua  Ridge-Nosed  Rattlesnake 
Fig.  2:76 

1917.  Crntalu!:  willardi  (part)  Stejncger  and  Barbour,  Check  List  of  North  Amer.  Amph.  and 
Kept.  [ed.  1],  p.  111. 

1949.  CfO/d/us  willardi  silus  Kiauber,  Trans.  San  Diego  Soc.  Nat.  Hist.,  vol.  11,  no.  8,  p.  128. 
Type  locality:  on  the  Rio  Gavilin,  7  mi.  southwest  of  Pacfaeoo,  Chihuahua,  Mexico^  alti- 
tude 6,200  ft.:  type  apedmen:  MVZ  46694. 

/{a>ige.— Northeastern  .Sonont  and  western  Chihuahua.  Mexico,  and  southwestern  New 
Mexico  (fig.  2:5) . 

Genus  Sistriirus  Garnian 
1766.  Crotalus  (part)  Linne,  Syst.  Nat.,  ed.  12,  p.  372. 

19120.  Crotulurtts  (misprint  for  Crotahtrvx) .  Ralinesque.  Ann.  Nat.  no.  1,  p.  5.  Type  eatenattu 

Syn.  Crotahis  I.inne.  17.')8. 
1822.  Crotalus  Fleming.  Piiilos.  of  Zodh,  vol.  2,  p.  294.  Type  miliaris  [sic].  Not  of  Linnd,  1758. 


Meek  originally  reported  the  type  locality  as  Tombstone,  Coctiise  County;  but  Swartli,  1921, 
Copeia,  no.  100.  p.  83,  on  the  basis  of  dau  seemed  from  Frank  C  Willaid,  the  original  coUector, 
made  the  conrectum  here  accepted. 
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1825.  Crotalophorus  Gray,  Anmb  of  Philos,  ns.,  vol.  10.  art.  8,  p.  205.  Type  miliaris  Not 

of  Hoiittuyn.  1764. 

1826.  CaudUona  Fiizingcr,  Neue  Class.  Rcpt.,  pp.  34,  63.  Type  miliaria.  Not  of  Laurenti,  1768. 
188S.  Stsfrunu**  Gamuui,  Mem.  Mus.  Conip.  /o6].,  voL  8,  no.  S,  pp.  xxvii,  110.  118, 176.  Type 

mitwrius  by  generic  nibsdtiition  (Rules  Zool.  Nomen..  ait.  30. 1926.  ii.  f.) . 

Sistninu  catenatus  catenatus  (Rafinesque) 

Eastern  Massasauga 
Fig.  2:76 

1818.  Crotatmus  eatenatus  Rafinesque.  Amer.  Month.  Mag.  &  Crit.  Rev.,  vol.  4,  no.  1,  p.  41.  Type 

locality:  prairies  of  the  Upper  Missouri:  tvpc  spcciiticii:  none  designated.  Type  locality  re- 
stricted to  Kansas  City.  Mo.,  by  Schmidt.  I<).'>3.  p  226. 
1820. Crofii/Hiia  ralenaliis  Rafinesque,  Ann.  Nat.  no.  I,  p.  H. 

18S8.  Crotaltts  messasaugus  Kirtland,  in  Mather,  Second  Ann.  Rept.  Geol.  Surv.  Ohio.  p.  190, 

footnote.  Type  locality:  Ohio;  type  specimen:  none  designated. 
1839.  Crotalus  tertreminus  Sager,  Senate  Doc,  State  of  Mich.,  p.  302. 

\6i2.  Crolalupliorus  kirtlandi  Holbrook.  N.  Amcr.  Hcrpet..  ed.  2,  vol.  3,  p.  31.  Type  lOUlity: 
Ohio  and  Midiigan;  type  specimen:  none  designated,  but  there  are  three  catalopied  as 

the  types  in  the  PANS  collection.  Nos.  7238,  7239,  and  16662. 
1853.  Crotn!nphor\is  trrgpfnijitis  Raird  and  Girard,  Cat.  N.  Amcr.  Rcpt.,  part  1,  p.  14. 
I'SBS.Ststrurus  caUualiis  Garuian,  Mem.  Mus.  Comp.  Zool.,  vol.  8,  no.  3.  pp.  118,  176. 
1900.5irfnintf  catenatus  catenatus  Cope.  Rept.  U.  5.  Nat.  Mus.  for  1898.  p.  1146. 

Range: — From  central  New  York  westward  to  Nebraska  and  Kansas,  Induding:  New 

York  from  Madison  County  west;  southern  Ontario  along  the  shores  of  Georgian 
Bay,  Lake  Huron,  and  Lake  Eric;  also  Prince  Edward  Peninsula  in  Lake  Ontario; 
extreme  western  Pennsylvania;  lower  Michigan;  northern  and  central  Ohio  and  In- 
diana; lUinoii;  southern  and  southwestern  Wisconsin;  extreme  southeastern  Minnesota; 
central  and  southern  Iowa;  northern  Missoini;  extreme  southeastern  Nebraska;  and 
extreme  northeastern  Kansas:  Intergrades  with  .V.  c.  tergemimti  in  the  last  two  areas 
(lig.  2:10). 

Sistrurus  catenatus  cdwaidaii  (Baird  and  Girard) 

Desert  Massasauga 
Fig.  2:77 

\955.  Crolalopliut  us  edu-anlsii  Raird  and  Girard.  Cat.  N.  Amer.  Rept.,  part  1,  p.  15.  Type  local- 
ity Taniaulipas.  Mexico;  t\pe  specimen:  I'SNM  ."lOT. 

11^5.  Sistrurui  iiiiliariui  var.  edwardsii  Garman,  Mem.  Mus.  Ciomj).  /ool.,  vol.  8,  no.  S,  p.  177. 

1892.  Crotalophorus  catenahts  edwardsii  Cope.  Proc.  U.S.  Nat.  Mus.,  vol.  14,  p.  685. 

\9S&.Siitrtma  catena  I  u\  edwardsii  Stejneger.  Rept.  I'.S.  Nat.  Mus.  for  1803.  p.  416. 

1936.  .VislnirtM  ralenatm  lergeminm  Klaulier.  Trans.  S.l).  .Soc.  Nat.  Hist.,  vol.  8.  no.  20.  pp.  193, 
229. 

19SS.  StstruTus  catenatus  edsoardsi  Gloyd,  Bull.  Chi.  Acad.  Sd..  vol.  10,  p.  84. 

Aonge.-— Texas,  west  of  the  Pecos  River,  together  with  the  southern  tip  of  the  state; 
central  and  southern  New  Mexico;  extreme  southeastern  Arizona:  and  probably  ex- 
treme norllicni  Taniaulipas,  Mexico.  The  area  of  iuterj^radation  with  V.  r.  ters^onimis 
is  broad,  and  there  is  uncertainty  whether  the  niassasaugas  of  the  Texas  Panhandle, 
and  southeastern  Cokirado  should  be  allocated  to  edwardsii  or  tergeminus.  Tenta- 


".See  Science,  vol.  19,  no.  485,  p.  290.  May  20,  1892,  for  a  discussion  of  this  name  and  for  the 
reasons  for  its  validity  despite  the  recency  of  its  date  of  publication. 
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lively,  in  the  preient  wtuk,  I  have  assigned  them  to  the  latter.  Maslin  (1965.  p.  SI) 
conaiden  the  Colorado  specimens  to  be  edwardsii-tergemintts  intei^dcs.  (fig.  2:10) . 

Sistrurus  catenatus  tergeminus  (Say) 

Western  Massasauga 

Fig.  2:78 

1823.  Croffl/ti?  icropminiis  Say,  in  Long's  Exped.  from  Pittsburgh  to  Rocky  Mts.,  edited  by 
Edwin  James,  vol.  1,  p.  499,  [uotnote.  Type  locality:  between  the  Mississippi  River  and 
the  Rocky  Mountains;  type  specimen:  none  designated.  Type  locality  subsequently  re- 
stricted  to  Winficld,  Cowley  County,  Kansas,  by  Smith  and  Taylor,  1950,  Univ.  Kans.  Sd. 
Bull.,  vol,  33,  part  2.  no.  8,  p.  358. 

1853.  Crotalophorus  consors  Baird  and  Cirard,  Cat.  N.  Amcr.  Rcpt..  part  1,  p.  12.  Type  locality: 
Indianola.  Texas;  type  spedmen:  USNM  512. 

1883. 5i5;ruritt  catemUut  var.  consors  Carman,  Mem.  Mus.  Comp.  Zodl.,  vol.  8,  no.  3,  p.  176. 

1986.  Sistrurus  eatenaius  tergeminus  Kiauber,  Oct.  Papers  San  Diego  Soc.  Nat.  Hist.,  no.  1,  p.  6* 

Range:—Thc  southwestern  plains  induding:  soutlieastcrn  Nebraska;  central  and  south- 
western K;ins;is:  exlrem*'  soiitlu  :ist<  i  n  f:<)U)rad();  northwestern  Oklahoma;  Texas  l)e- 
twcen  the  Bra/os  and  the  Pecos  iiveis,  excluding  the  extreme  soutlicrn  tip.  Intergrades 
with  .V.  r.  mtenotus  in  southeastern  Nebraska  and  northeastern  Kansas  (fig.  2:10) . 

Sistninu  miliarius  miliarius  (Linn£) 

Carolina  Pigmy  Rattlesnake 
Fig.  2:7'J 

nOQ.Crulalus  miliarius  Linne,  Syst.  Nat.,  ed.  12,  p.  372.  Type  locality:  Carolina;  type  specimen: 
received  by  Linn6  from  Alexander  Garden,  disposition  unknown. 

182.5.  Crolalophorm  miliaris  Gray,  .Anti.ils  of  Philos.,  n.s.,  vol.  10,  art.  8,  p.  205. 
\%2&.  Catidisona  miliaria  Fit/ingcr,  Ncuc  Class.  Rcpt  .,  p.  63. 

\9l6!i, Sistrurus  miliarius  Carman.  Mem,  Mus.  Comp.  Zool.,  vol.  8,  no.  3,  pp.  119,  177. 
19SS.  Sistrurus  miliarius  miliarius  Gloyd.  Occ.  Papers  Mus.  Zool.  Univ.  Mich.,  no.  322,  p.  4. 

Range: — From  extreme  southern  South  Carolina  (where  it  inteigradcs  with  S.  m. 

barbouri),  north  throughout  South  Carolina  atui  eastern  North  Carolina  to  Hyde 
County.  Also  central  Georgia  and  central  Alabama  (fig.  2:10). 

Sistrurus  niiliwt  ius  itai  bouri  (>loy(i 

Dusky  Pigmy  Rattlesnake 
Fig.  2:80 

Crolahis  miliarius  .Sav,  Anicr.  Join-.  Sd..  \ol.  1,  p.  203. 
\S8$. Sistrurus  miliarius  (j^art)  Garman,  Mem.  Mus.  Comp.  Zool.,  vol.  8,  no.  3,  pp.  119,  177. 
19SS.Sirfniruf  miliarius  barbouri  Gloyd,  Occ.  Papers  Mus.  Zool.  Univ.  Mich.,  no.  S22,  p.  2.  Type 

locality:  Royal  Palm  Hammodc,  12  miles  west  of  Homestead,  Dade  County,  norida;  type 

specimen:  MCZ  12512. 

Range: — From  extreme  southern  South  Carolina  (uhere  it  intpru;^radc<!  with  S.  m. 
miliarius)  and  southern  Georgia,  south  throughout  Florida,  and  west  across  southern 

Alabama  to  aoutheastem  Mininlppi,  inteisiading  with  S.  m.  ttreckeri  in  the  Feaxl 
River  Valley  (fig.  2:10). 
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Sistninu  nuliarius  stredceii  Gloyd 
Western  Pigmy  Rattlesnake 
Fig.  2:81 

1838.  CrotalttS  mUUtrius  (part)  Holbrook,  North  Amcr.  Herp.  [ed.  1],  vol.  2,  p.  73. 
1883.  Sistrurus  miUarius  (part)  Carman,  Mem.  Miis.  Comp.  Zool.,  vol.  8,  no.  3.  pp.  119,  177. 
l9ib.Si$tTUTus  nuliarius  streckeri  Gloyd,  Occ.  Papers  Mus.  Zool.  Univ.  Mich.,  no.  322,  p.  4.  Type 
locality:  near  Imboden,  Lawrence  County,  Arkansas;  type  tpedmen:.  MZUM  76751. 

Range>-YTom  the  Pearl  River  Valley  oC  southern  Mississippi  and  southeastern  Louisi' 
ana  (where  it  intergrades  with  S,  m.  btarbow^,  north  and  west  through  Mississippi, 
Louisiana,  soutliuesterti  Tennessee,  southern  Mi.ssouri,  .Arkansas,  southeastern  Okla* 
homa,  and  eastern  Texas  (lig.  2:10).  Probably  present  in  northwestern  Alabama. 


Sistninu  xavns  (Cope) 

Mexican  Pigmy  Rattlesnake 
Fig.  2:82 

1865.  Croto/uj  ravus  Cope,  Proc.  Acad.  Nat.  5ci.  Phila.,  vol.  17,  no.  4,  p.  191.  Type  locality: 
tableland  of  Mexico:  type  specimens:  USNM  25050-1.  Type  locality  subsequently  restricted 
to  Totaico,  Veracnn.  by  Smith  and  Taylor,  1950.  Univ.  Kans.  Sd.  Bull.,  vol.  83,  part  2, 

no.  8,  p.  351. 

1896.  Sii/ritrtis  ravus  Boulenger,  Cat.  Snakes  Brit.  Mus.,  vol.  3,  p.  571. 

Range: — A  small  area  of  the  Mexican  plateau  indudin":  eastern  and  south-central 
Mexico  (state),  Disirito  Federal,  Morclos,  Tlaxcala,  Pucbia,  wcst-ccntral  Veracruz,  and 
central  Oaxaca  (fig.  2:10) . 
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Fig.  2:7.  Ranges  of  C.  hpidus  lepidus,  C.  I.  klauheri,  C.  I.  mortilus,  C.  milchellii  mitchellii,  C.  m. 
unoeleusis,  C.  m.  mnertemis,  C.  tn.  pyrrhus,  C.  m.  stephensi,  C.  tigris,  C.  triseriattts  triserialus, 
and  C.  t.  aquilus. 
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¥ig.  2:\\.  Crolahis  atUiinanteus,  Kaslcm  Diainoiidliack  Rattlesnake.  (Specimen 
from  F.iiifka.  Marion  County,  Florida.  I  he  blur  ai  the  tail  is  ilic  vii)rating  rattle.) 


Fig.  2:\2.  Crotalus  atrox.  Western  Dinmondhack  Rattlesnake.  (S|>ecimen  from 

Date,  Yavapai  County,  .Arizona.) 
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Fig.  2:13.  Crotalus  basHisctis  hasiliscus,  Mexican  West-Coast  Ruiilcsnakc.  (.Specimen  from  near 

Colima.  Colima.  Mexico.) 


Fig.  2:14.  Crol/ilus  hasiliscus  oaxactis,  Oaxacan  Rattlesnake.  (Specimen  from  near  San  Bartolo 
(lovotepec.  Oaxata,  Mexico.  Photoniapli  courtesy  of  (;.  M.  Hogerl,  The  .\mericaii  Museum  of 
Natural  History.  \.V.) 
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Fig.  2:15.  Crotalus  catalinensis,  Santa  Catalina  Island  or  Kattlelcss  Kattlesiiake.  (Spcxinicn  from 
Santa  Catalina  Islatul,  (iiilf  of  Califoniia.  Mexico.  IMioto^rapli  by  R.  \'un  Noslrand.) 


Fig.  2:IG.  Crolahis  cerastes  cerastes,  Mojavc  Di-xrrt  Sidewinder.  (Specimen  from  near  Kramer 

Junction,  San  Bernardino  Clouniy.  California.) 
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Fig.  2:17  Crotalus  cerastes  cercobombtis,  Sonoran  Dcscri  Sklewindcr.  (Specimen  from  near 

Maraiia,  Pima  County.  .Arizona.) 


Fig.  2:18.  Crolalus  ccuisles  laterorepe^is.  Colorado  Dcscri  SidcAvinder.  (Specimen  from  liorrcgo 

Valley.  San  Diego  County,  California.) 


Fig.  2:19.  Crolaltis  durissus  durissits,  CciUial  Amt-iicaii  Rattlesnake.  (Specimen  from  near 

N'eiacTii/.  \'eiai:Mi/.  Mexico.) 


Fig.  2:21.  Crolalus  ilurisatts  terrijicus,  Soutli  Ainciicaii  Ral(k'sn;iki\  (.S|X'cimcn  from  Central  Brazil. 
PhfJtoRvaph  by  courtesy  of  the  New  York  /oologital  Society.) 


Fig.  2:22.  Croialus  durisms  lerrificus,  South  Ameritau  RatileMiake.  (S|x;ciineu  from  near 

Barraiiqiiilla.  Colombia.) 
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Fig.  2:23.  Crolalus  dtirissiis  loloitaciis,  l  oum-MAU  Rattlesnake.  (Specimen  from  an 

unknown  lociilily.i 


Fig,  '2.'2i.  Crotdlus  tliirixsii.s  Iznlxtni,  Yucatan  Neotropical  Rattlesnake.  (Specimen  from  Merida, 
Yucatan.  .Mexico,  furnished  by  Ray  Fol.som.  I'iu)togra|)li  by  R.  \'an  .Nostrand.) 
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Fig.  2:25.  Cro/fl/iM  fwyo  fHyo,  Lower  California  Rattlesnake.  (Specimen  from 
La  Rivera,  Baja  California  del  Sm ,  Mexico.) 


Fig.  2:'2Ct.  Croltilux  enyo  rerralvejisis.  Cerralvo  Island  Rattlesnake.  (Specimen  from  Cerralvo 
Island.  Gulf  of  California.  Mexico,  furnished  by  Dr.  George  E.  Lindsi),  California  .Academy  of 
Sciences.  San  Francisct).  I'hoiograpli  l)y  Dallas  Clitcs.) 
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Fig.  2:27.  Crntalus  ettyn  fiiwiis.  Rosaiio  Raitlcsnnkc.  (Spccinicn  from  luar 
tl  Koimrio,  Baja  California  del  Norte,  Mexico.) 
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Fig.  2:29.  Crotnlits  exsul,Cv(\ro^\shm\  Diamond  Raitksiiakc.  (Spctitncn  from 
Ccdros  Island.  Pacific  Coast  of  Baja  California,  .Mexico.) 


Fig.  2:30.  Crotalus  horridus  horridus,  Timber  Rattlesnake.  (Specimen  from 
near  Baraboo,  Sauk  County,  Wisconsin.) 
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Fig.  2:32.  Crolalus  intermedius  inlermedim,  I'otalcan  Small-Hcadcd  Rattlesnake.  (Specimen 
from  near  Las  Vigas,  Veracruz,  Mexico.  Photograph  courtesy  of  E.  D.  Reiser,  Jr.,  Louisiana  State 
University.) 
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Fig.  2:33.  Crotalus  intermedins  gloydi,  Oaxacan  Small- Headed  Rattlesnake.  (Specimen  from  6 
miles  south  of  Tyocote,  Oaxaca,  Mexico.  Photograph  courtesy  of  C.  M.  Bogcrt,  The  .American 
Museum  of  Natural  History,  N.Y.) 


Fig.  2:34.  Crotalus  intermedins  aiiiillrmanii\,  Omilteman  .Small-Headed  Rattlesnake. 

(Specimen  from  near  Omilteme,  Guerrero,  Mexico.) 
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Fig.  2:35.  Crotalus  lefudiis  lepidus.  Mottled  Rock  Rattlesnake.  (Specimen  from  10  miles  south- 
west of  Leakey,  Real  County.  Texas.  Photograph  by  Isabelle  H.  ConaiU,  published  by  courte<>y  of 
Roger  Conant,  Philadelphia  Zoological  Society.) 


Fig.  2:36.  Crotalus  lepidus  klauberi,  Banded  Rock  Rattlesnake.  (.Specimen  from  Gold  Gulch, 
Dos  Cabezas  Mountains,  Cochise  County,  Arizona.) 


Fig.  2:37.    Crotalus  lepidus  klauberi.  Banded  Rock  Rattlesnake.  (Specimen 
from  near  Mimbres.  Grant  County,  \cav  Mexico.) 


Fig.  2:39.  Crotalus  mitchellii  angeletisis,  Angel  de  la  Guarda  Island  Speckled  Rattlesnake. 
(Specimen  from  Angel  de  la  Guarda  Island.  Gulf  of  Galifornia.  Mexico.  Photograph  by  Ron 
Garrison.) 


Fig.  2:40.  Crotalus  milchellii  muerlensis,  El  Muerto  Island  Speckled  Rattlesnake.  (Specimen  from 
£1  Muerto  Island,  San  Luis  group,  Gulf  of  California,  Mexico.) 
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Fig.  2:41.  Crotahis  milchellii  pyrrhm,  .Southwestern  Speckled  Rattlesnake.  (Specimen  from 

Yaqui  Well,  .San  Diego  County.  California.) 
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Fig.  2:43.  Crotalus  mnlossus  nwhsstis.  Northern  Blatk-  I  ailc«l  Ratllcsnakc.  (Specimen  from 
Ramsey  Canyon,  Huacluica  Mountains.  Cochise  County.  Arizona.) 


Fig.  2:44.  Crotalus  molossus  estebauensis,  San  Estchan  Island  Rattlesnake.  (Specimen  from 

F.stcban  Island.  Gulf  of  California.  Mexico.) 
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Fig.  2:45.  Crotalus  molossus  nigracens,  Mexican  Black- Tailed  Rattlesnake. 
(Specimen  from  near  Yamoriba,  nuiango,  Mexico.) 


Fig.  2:46.  Crotalus  polystictus,  Mexican  Lance-headed  Rattlesnake.  (Specimen  from  south- 
eastern Jalisco,  Mexico,  furnished  by  R.  Terry  Basey  and  Barry  L.  Armstrong.  San  Diego  Zoo 
Photo  by  Ron  Garrison.) 
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Fig.  2:47.  Crotalm  pricei  pricei,  W'cslcin  Twin  Spottcd  Rattlesnake.  (Specimen  from 
San  Josd  de  Babicora.  Cliihualuia.  Mexico.) 


Fig.  2:48.  Crotalus  pricei  mifjitihuanus.  Eastern  Twin-Spotied  Rattlesnake.  (Specimen  from  Sierra 
de  los  .\margo.s,  Coahuila,  Mexico.  Photograph  courtesy  of  Dr.  R.  W.  Axtell.) 
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2:49.  Crotaltis  pusillus,  Tancitaran  Dusky  Rattlesnake.  (Specimen  from  Dos  Aguas,  Michoacan, 
Mexico.  Photogiapli  courtesy  of  Dr.  W.  K.  Duellman.) 


Fig.  2:51.  Crotahts  ruber  ruber.  Red  Diamontl  Rattlesnake  (desert  phase). 
(Specimen  from  near  Vallccilo,  San  Diego  County,  California.) 


Fig.  2:.')2.  Crotalus  ruber  lucasetuis.Snn  Lucan  Diamond  Rattlesnake. 
(Specimen  from  La  Rivera.  Raja  California  del  Sur.  Mexico.) 


85 


Fig.  2:54.   Crotalus  scutulatus  salvini,  Huamantlan  Rattlesnake.  (Specimen  from  near  Totalco, 
Veracruz,  Mexico.  Photograph  courtesy  of  R.  Terry  Bascy.) 
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Fig.  2:55.  Crolalus  stejnegeri,Long-TMc(\  Rattlesnake.  (.Specimen  from 
near  Vamoriba,  Diirango,  Mexico.) 


Fig.  2:56.  Crolalus  ligris.  Tiger  Rattlesnake.  (Specimen  from  F.strclla  Mountains, 

Maricopa  County,  Arizona.) 
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Fig.  2:58.  Crolalus  triseriatus  (riseriatus,  Central-Plateau  Dusky  Rattlesnake.  (Specimen  from 

near  Trcs  Cumbres,  Morelos,  Mexico.) 
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Fig.  2:59.  C.rolalus  triseriatus  aquilus,  Qiicrclafan  Dusky  Rattlesnake. 
(Specimen  from  (acala.  Hidalgo,  Mexico.) 


Fig.  2:60.  Crotalus  unicolor,  .Aruba  Island  Rattlesnake.  (Specimen  from 
.\ruba  Island,  off  the  coast  of  \'enezucla.) 
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Fig.  2:61.  Crotalus  x'egrandis,  IJracoan  Rattlesnake.  (Specimen  from  Sabanas  do  Uracoa.  Distrito 
Sotillo,  State  of  Monagas,  \'enezucla,  furnished  by  Dr.  A.  R.  Lancini.  Photograph  by  Ron  Garrison.) 


Fig.  2:62.  Crotalus  x'iridis  x'iridis,  Prairie  Rattlesnake.  Specimen  from 
near  Jcimorc,  Hodgeman  County,  Kan.sas.) 
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Fig.  2:63.  Crotalus  viridis  abyssus.  Grand  Canyon  Rattlesnake.  (Specimen  from  the  North  Rim  of 

the  C>rand  Canyon,  Coconino  County.  Arizona.) 


Fig.  2:65.  Crotahis  viridis  cerberus.  Arizona  Black  RaUlesnakc.  (Specimen  from 

Hillside,  Yavapai  County,  .Arizona.) 


Fig.  2:66.  Crotnlusviridis  concolor,MH\%cr.  Faded  Rattlesnake. 
(Specimen  from  Jensen,  Uintah  County.  Utah.) 
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Fig.  2:67.  Crotalus  viridis  helleri,  Southern  Pacific  Rattlesnake.  (Specimen  from  Rancho  .Santa  Fe, 

San  Diego  County,  California.) 


Fig.  2:68.  Crotalus  viridis  Ititosus,  Great  Basin  Rattlesnake.  (Specimen  from  near  Boise,  Idaho.) 
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Fig.  2:69.  Crotalus  viridis  nuntius,  Hopi  Rattlesnake.  (.Specimen  from  Canyon  Padre,  Coconino 

County,  Arizona.) 


Fig.  2:70.  Crotalus  viridis  oreganus,  Norihcm  Pacific  Rattlesnake.  (Specimen  from  near  Wenatchee, 

Chelan  County,  Washington.) 
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Fig.  2:71.  Crotahis  xiiridis  oreganus.  (Specimen  probably  from  Trinity  County,  California.  Photo- 
graph courtesy  of  J.  H.  Tashjian.) 


Fig.  2:72.  Crotalus  ivillardi  xvillardi,  .Arizona  Riclge-No.scd  Rattlesnake.  (.Specimen  from  Ramsey 
Canyon,  Huachiica  Mountains,  Cochise  County,  .Arizona.) 


Fig.  2:73.  Crotalus  xvillardi  amabilis,  Del  Nulo  Ridgc-Xoscd  Rattlesnake.  (Specimen  from  .\rroyo 
Mesteno.  Sierra  del  Nido,  Chihnahua.  Mexico.  Photograph  courtesy  of  J.  D.  Anderson  and  G.  M. 
Christman.) 


Fig.  2:74.  Crotalus  willardi  tneridionalis.  Southern  Ridgc-Nosed  Rattlesnake.  (Specimen  from 
Durango,  Mexico,  collected  by  Dr.  R.  W.  Axtell.  I'holograph  courtesy  of  J.  E.  Wcrlcr,  Houston 
Zoological  Gardens.) 
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Fig.  2:75  Crotalus  wiUardi  situs.  West  Chihuahua  Ridge- Nosed  Rattlesnake. 
(Speciincti  from  Indian  Creek  Canyon,  near  Animas  Peak.  Hidalgo  County,  New 
Mexico.  Photograph  courtesy  of  C.  M.  Bogert.  The  .American  Museum  of  Natural 
History.  N.  Y.) 


Fig.  2:76.  Sislrurus  catenatus  cntenalus.  Eastern  Massasauga.  The  flattening  of 
the  hotly  is  a  defensive  reaction.  (Specimen  from  Proud  Lake,  Oakland  County, 
Micliigan.) 


97 


.......  .»  •  ' 


Fig.  2:77.  Sistrurus  catenalus  edvardsii,  Desert  Massasauga.  (Specimen  from  mouth  of  Cave  Creek 
Hidalgo  County,  New  Mexico,  furnished  by  Ray  Folsom.  Photograph  by  R.  Van  Nostrand.) 


Fig.  2:78.  Sistrurus  catenatus  tergeminus,  Western  Massasauga.  (.Specimen  from  China  Springs, 

McLennan  County,  Texas.) 
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Fig.  2:80.  Sistnirtis  mitiarius  barbouri,  Dusky  Pipmy  Ratlesnake.  (Specimen  from  Marion  County, 

Florida.) 
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Fig.  2:81.  Sistrurus  tniliarius  streckeri.  Western  Pigniv  Rattlesnake.  (Specimen  from  Gcntilly. 

Orleans  Parish,  Louisiana.) 


Fig.  2:82.  Sistrurtis  rnx'tis,  Mexican  Pigmy  Rattlesnake.  (Specimen  from  near  Hiiit^ilas.  Morelos, 
Mexico.  Photograph  couilesy  J.     VVerler,  Houston  /o6l«»gical  CJartlens.) 
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classification  and  Identification  lUl 


CONDENSED  ALPHABETICAL  SYNONYMY  OF  THE  RATTLESNAKES 

1  shall  omit  from  this  condensed  alphabetical  synonymy  of  the  rattlesnakes,  in 
which  all  the  projjosed  generic,  specific,  and  subspecific  names  have  been  in- 
cluded regardless  of  their  validity,  such  obvious  misspellings  and  unwarranted 
emendations  as  trigeminus  of  Lichtenstein  and  von  Martens,  1856,  p.  34;  ore' 
gonensis  of  Boulenger,  1896,  Cat.  vol.  3,  p.  580;  articandatus,  cincolor,  dorissus, 
caiesbyanum,  massasauga,  and  tergemia  of  Xotcstcin,  1903,  pp.  123,  12');  and 
SCutcUatus  of  Sicjnc'ocr  and  Barbour,  19^)9,  Check  List,  cd.  4,  p.  150,  I  have  also 
ignored  C.  alius,  C.  fasciatiis,  and  C.  tcrtius  of  Kerr,  1802,  vol.  4,  pp.  282-284. 
Kerr,  in  (criain  iootnotts,  cites  these  names  as  if  tluy  had  previously  been  used 
binominally  by  lioddaert,  V'osniaer,  and  Gronovius.  However,  this  was  not  the 
case;  they  were  merely  abbreviated  references  to  certain  nonbinominal  descrip- 
tions made  by  these  earlier  authors. 

I  have  ignored  (with  the  exception  of  his  Crotaltu  fasciatus)  the  fantastic 
nomenclatorial  results  produced  by  Hig^ins  (187.S,  p.  74),  who  placed  a  large 
number  of  Asiatic  forms  in  the  genus  Crotalus,  under  the  species  C.  trinreresiirus, 
C.  pcllojx'I'ir,  C.  hdlys.  and  C.  hypnalc.  Ilijiqins  had  a  confused  knowledge  of 
tlie  rules  of  iionunclature  anti  ilie  scope  ol  the  different  grades  of  classiiication, 
which  rendered  his  names  unworthy  of  notice. 

I  ha\e  not  included  two  humorous  nomina  nuda:  Crotalus  noctumtts  ("Packer 
Joe"  in  Calico  Print,  vol.  7,  no.  2,  p.  3,  Feb.,  1952),  and  Crotalus  cerastes  visa- 
versus  ("R.  A.  Tell"  in  Calico  Print,  vol.  8,  no.  5,  p.  35,  June,  1952). 

Minor  emendations  (e.g.,  oregonus  for  oreganus)  are  not  considered  to  warrant 
separate  entries. 

Where  the  application  or  allocation  of  a  name  requires  an  explanation,  such 
explanation  will  be  found  in  tlic  Qieck  List. 

'ihe  synonymy  follo^vs: 

abyssus  Klaubcr,  1930.  Valid  subspecies  of  C.  viridis. 
adamantetis  Beauvois,  1799.  Valid  species  in  the  genus  Crotalus. 
Mchmophrys  Coues,  1875.  Synonym  of  Crotalus. 

albicavs  D'Amour,  Becker,  and  \'aii  Ripe  r.  19:?6.  Nomen  nudum,  intended  to  indicate  C.  v.  viridis, 

amabilii  Anilcrsoii,  l*Ui2.  N'alitl  .subs|H.-(  ics  «>(  willunlt. 

americana  Catesby.  174S.  Prc-Liiincan  nomen  nudum. 

anahuacus  dloxd.  VMU.  S\in»ii\ni  i>f  C.  l.  Irheiiatu^. 

atigeletisif.  Klaubcr.  I'.Mi.'l.  \  .ibd  siibs|H,"tics  of  C.  iiiilchellii. 

aquilus  Klaubcr,  1952.  Valid  subspecies  of  C.  triserialus. 

Af^oaspis  Cope,  1866.  Synonym  of  Crotalus. 

alricaudatus  LiilrLillc,  1802.  \'alid  subspecies  of  C.  hnr>i(hi<:. 

atrox  Baird  and  Cirard,  1853.  \'alid  species  in  the  genus  Crotaltts. 

barbouri  Cloyd,  1033.  Valid  subspecies  of  £.  miliarius. 

basUiseus  Cope,  1864.  Valid  species  in  the  genus  Crotalus. 

hoiqiiira  !.acc'[)(  (Ic.  1 7S9.  S\  noiiym  of  C.  horr'uhts,  probably  of  the  subspecies  C.  h.  korridus. 
caiiginis  Klaubcr,  I'JIU.  Valid  subspecies  of  C.  viridis. 

easeavella  Wagkr  in  Spix,  182 1.  Synopyni  of  C.  d.  terrificus,  but  see  footnote  H  under  C.  d.  tenificiis 
in  the  Check  List. 

cafalifirnsis  C  lilF,  19") I.  \'alid  species  in  the  genus  Crotalus. 
catenatus  Raiincsque,  1818.  \'alid  species  in  ilic  genus  Sistrurus. 
eatesbaei  Hemprich,  1820.  Synonym  of  C.  h.  atrkaudatiu, 
Caudisona  Laurenti,  1768.  Synonym  of  Crotalus. 
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laudisona  Whcailcy,  1886  (sjwcific  name).  \'otiu'n  nudum,  lo  be  considered  a  synonym  of  C.  ft. 
horridus. 

eerastei  Ilallowcll.  IK'ii.  N  .itiil  species  of  the  genus  Crotalus. 
cerberus  Ct>iics,  187".  \'alid  siihspccics  <)f  C  TiriHis. 
cercobombus  Savage  and  CIlilF,  1953.  X'alid  sul>spccies  of  C.  cerastes, 
eerrahmuis  ClifF,  1954.  Valid  subspecies  of  C.  enyo. 

circ  "  "i/v  I  <  Coiite.  in  Hallowell.  1852.  Synonym  of  C.  atrox.  Sec  footnote  2  under  C.  atrox  in 
Ciictk  List. 

collilineaius  Amaral,  1926.  Synonym  of  C.  d.  terrificus. 

eoUirhomheatus  Atnaral,  1926.  Synonym  of  C.  cL  tmifirus. 

cotiroliii        l'<".'t.  s\tn.ii\m  "f  (   >•  hoiridtis.  Concolor  Jan,  18.59,  was  suppressed  by  the  Inter* 

national  Ciommi.ssion  in  Opiiuon  'y^[). 
concolor  Woodbury.  1929.  Valid  suiwpccies  of  C  viridh 

conftuetiiii'-  s.i\ .         Sxnonym  of  C.vitidis. 

cottsors  Baird  and  Ciiaiil.  1853.  Synonym  of  S.  c.  tcrs^einiiuis. 

copeanits  Amaral,  1937.  S'omen  riudum.  Fixed  in  ihc  synonymy  of  C.  d.  duyissus  by  Gloyd,  1910. 
Crotalinta  Rafinesque.  1818.  Synonym  of  Crotatus. 
Croialnphnrus  Houttuyn,  1 701.  Synonym  of  Crofa^us. 
crotalurus  Ralin('S({iic.  I82(t.  Syntmym  of  Crolaltis. 

CroUilus  Linnc,  1758.  N'ulid  name  of  one  of  the  two  genera  of  rattlesnakes.  I'ype  s|>ecies:  C. 
ftom'dtu. 

crotaminicus  Mount  Connives.  1960.  Nomen  nudum.  Sec  footnote  8  under  terrifiau  in  the  Check 
List. 

cuiminatus  Klauber,  1952.  Valid  subspecies  of  C.  rfttrjwus. 

cumanemis  Humboldt,  18SS.  Synonym  of  C.  d.  terrificus,  but  see  footnote  5  under  C.  d.  terrificus 

in  the  Chcf  k  I  isi. 
cyanurus  Rafincscjue,  1818.  Synonym  of  C.  h,  horridus. 
decolor  Klauber.  19S0.  Synonym  of  C.  r.  concolor. 

dryinas  Linne,  1758.  Somen  indelcrminatum;  probably  was  originally  the  proper  name  for  the 

subspecies  now  known  as  ('..  d.  Icrrifirus. 
durisius  Linne,  1758.  Valid  species  in  the  genus  Crotalus. 
edwardsii  Baird  and  Girard.  I8SS.  Valid  subspecies  of  .V.  eatenattis. 
rlr!;nvs  Sdunidt,  1022.  .SvnoTiMii  of  C.  r.  rtilu-y. 
enyo  Cope.  1861.  Valid  species  in  the  genus  Crotalus. 
estebanensis  Klauber,  1949.  Valid  subspecies  of  C.  mofontts. 
exalhidus  Boddaert.  178S.  Synonym  of  C.  d,  terrificus. 

cxsul  CiiMiKin.  lWS!i.  \'ali(l  -pec  i<-s  in  llu-  "^t-nus  CrolaJus. 

fasciatus  iiiggins,  1873.  Comjwsite  synonym  of  C.  horridus  and  others. 

furvus  Lowe  and  Norris,  1954.  Valid  subspecies  of  C.  enyo. 

giganleus  Drattstrom.  1954.  Valid,  but  extinct,  species  in  the  genus  Crotalus. 

g/oyd/ Taylor,  I'M  1 .  \ 'did  siil)spr<ii  s  of  C.  intfnur'litis. 

goldmani  Schmidt,  1922.  Synonym  of  C.  m.  pyrrhus. 

gronovii  Laurenti.  1768.  Nomen  indeterminMum;  descriptitm  too  brief  for  recognition." 

ttaHoiri  lli  c  (K^pci ,  in  C  ronisc,  1868.  Nomen  nudum.  Fixed  In  the  synonymy  of  C.  v.  oreganus 

by  Van  Dcnhui 1922. 
Hapluaspis  Cope,  1883.  Synonym  of  Crotalus. 
helleri  Meek,  1905.  Valid  subspecies  of  C.  viridis. 

horridus  I.innc'.  1758.  Valitl  species  (type  spccics'i  in  the  genus  Crotalus. 
imtnaiulalus  Laticillc.  1802.  Synonym  of  C.  d.  terrificus. 

intermcdius  l  ischer,  1882.  Preoccupied  by  intermedius  l  ioschel,  1865,  of  which,  by  pure  coinci- 
dence, it  is  also  a  synonym. 
iufi! iitrdius  I'loschcl.  iti  Mtillfr,  iSf}').  N'alid  sjjccies  in  the  genus  Crotolus. 
fimenezii  Duges,  1877.  Synonym  of  C.  polystictus. 
kellyi  Amaral,  1929.  Synonym  of  C.  s.  sciaulattu, 
kirtlandi  Holbrook,  1842.  Synonym  of  S.  e.  catenatus. 

""Cope  (in  Mitchell,  1860,  p.  126)  thought  this  might  be  Ladtesis  mutus. 


Copyriytiicci  niaiciial 


Classification  and  Identification  105 


klauheri  GloycU  1936.  Valid  subspecies  of  C.  Upidus. 

himiortii  Taimcr.  1966.  Valid  <;|>ocii'<  in  the  genus  Crni.atus. 
laterorcpens  Klauber,  1914.  Valid  subspecies  of  C.  coastes, 
louttts  Smith,  1946.  Synonym  of  €.  i.  intermeditu. 
leconUi  Hallowcll.  l.s.'>2.  Synonym  of  C.  v.  inridU. 
U'pidiis  Kttinitott.  ISGI.  Valid  species  in  the  j^eniis  Crolalus, 
loefliD^n  lluniboldl.  1833.  Synonym  ol  C  d.  terrificus. 
lucasensis  Van  Denburgh,  1920.  Valid  subqiecies  of  C.  ruber. 
Iiu  ifci  Bnii  (1  and  Gil  aid,  1852.  Synonym  of  C.  V.  Oreganus. 
Iiigu{)ris         1H")9.  SvnoMMii  of  C.  t.  trisrrialiii. 
liitosiis  Klaubci,  liKiU.  \  alid  subspecies  oi  C.  viridis. 

melanurus  Jan,  1859.  Nomen  nudum.  Fixed  in  the  synonymy  of  C.  horridus  by  Carman,  188S, 

and  in  (lie  synonymy  of  C.  h.  atricaudaliis  by  Klaiibcr,  I93& 
tiieridiotialis  Klanhci,  1919.  Valid  subspecies  of  C.  willardi. 
lucssasaugus  Kiitland,  1838.  Synonym  of  5.  c.  calettatus. 

mexicana  Jan,  1863.  Nomen  nudum;  to  be  placed  in  the  synonymy  C.  h.  atricaudatus. 

millarius  I.innc,  1700.  \'alid  species  i  t\pc  species)  in  the  v;enus  SiitrttrUS. 

minor  Caieshy,  174.'{.  I're-l.innean  name  without  standing;  represents  what  is  now  .S.  m.  miliarius. 

mi(iuihuanus  Gloyd,  1910.  \  alid  subspecies  of  C.  pricei, 

mitrltetlii  Cope.  IMl.  Valid  species  in  the  genus  Crolahts. 

molossiis  Haird  and  Giiaid,  IK")3.  \'alid  spec  ies  in  the  gcnus  CrOta/U'S. 

morulus  Klauber,  1952.  Valid  subspecies  of  C.  Upidus. 

muertensis  Klauber,  1949.  Valid  subspecies  of  C.  mitrhelUi. 

muUimantiala  Jan.  186.1.  .Supprt-aard  by  tlu'  Internallonal  Commission:  synonym  of  C.  polysUclm. 

tilirrrurti.<i  GInvd,  1930.  \'alid  siihspet  ic^  of  C.  molossus. 
uuniiiis  Klauber,  1935.  Valid  subspecies  of  C.viridis. 
oaxacus  Gloyd,  19 18.  Valid  subspecies  of  C.  basiliscus. 
omillemanus  GQnther,  1895.  Valid  subspecies  of  C.  intermedius. 

oregttnw;  n()!l)ro<)k.  IStO.  Valid  subspecies  of  C.  vi<i<li\. 

orientalis  Laurcnti,  1768.  Nomen  indeurminaluni;  description  too  brief  for  recognition.  Probably 

not  a  rattlesnalcc.^ 
omatus  Hallowdl,  1854.  Synonym  of  C.  m.  molossiu, 

fniUidiis  Giintlicr,  1895.  Svnonytn  of  C.  t.  triseriatus. 

palmeri  Carman,  1887.  Synonym  of  C.  /.  lepidus. 

HutHnnhitm  HfUftx,  l!»!iU.  Sviionviii  nf  'Crntaln.%. 

fmdvorus  Lac<?pcdc,  1789.  Aghistrodon  piscivorut;  not  a  rattlesnake. 

I)lcisl()llntiili  >isis  Biattstrom,  1951.  Kxiincl  subspecies  of  (  ,  nduinmitttUi,  duidilfidly  valid. 

palystirlus  Go|>e,  18G5.  \'alid  species  in  the  genus  C)Ot(dus. 

potterensis  Brattstrom,  195S.  Valid,  btit  extinct,  species  in  the  genus  Crotalus. 

pricei  Van  Denbmgh,  1895.  Valid  species  in  the  genus  Crolalus. 

puhcnilcnltts  Cope,  ISrt3.  Synon\in  of  C.  v.  I'iridis. 

pulvis  Ditmars,  1905.  Synonym  of  C.  uuicolor. 

pusillus  Klauber,  1952.  Valid  species  in  the  genus  Crotalus. 

pyrrhus  Cope,  1866.  Valid  subspecies  of  C.  mitcltellii. 

rafiis  f:opc'.  isil").  Valid  species  in  the  g;eniis  Sislriirus. 

rlioinbifrr  Lalreille,  1802.  Synonym  of  C.  adamanteus. 

rhombiferus  Brickell.  1805.  Synonym  of  C.  adanumteta. 

ruhrr  C'n|)c,  1S92.  \'alid  species  in  the  <;cmis  Crnialiis. 

salvini  Gunther,  1895.  Valid  subspecies  of  C.  sctitulalus. 

scutuiMus  Kennicott,  1861.  Valid  species  in  the  genus  Crot^ut. 

semicomutusTzylot,  1944.  Synonym  of  C.  /.  klauheri. 

silits  Klauber,  1919.  Valid  suhspixies  of  C.  -.riUardi. 

siinus  Latrcillc,  1802.  Synonym  of  C,  d.  durissus. 

Sistrurus  Carman.  1HH3.  Valid  name  of  one  of  the  two  genera  of  rattlesnakes.  Type  species:  S. 
miliaritm.  Sisirurus  is  considered  a  subgenus  under  Crotttins  by  Rratlstrom.  1964a.  p.  2.'>(l.  a 

classilication  in  whicit  I  do  not  concin. 

'^Considered  a  synonym  of  dryinas  {=  terrificus)  by  Desmarest,  Hist.  Nat.  Lacipdde.  vol.  1, 
p.  423, 1844. 
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\<»i<)iaensis  Kennitott.  ISIil.  Synonym  of  C.  iilnn. 
stejuegeri  Dunn.  I1M*.I.  Valid  species  in  the  genus  (liottiiiis. 
stephensi  Klauber.  1930.  Valid  siilispeciefl  of  V..  imirhellH. 
streekeri  Gloyd.  19^.  Valid  sabtpedcs  of  S.  miiiaHus, 
Strepitans  Daudin,  1R03.  Synonym  of  C.  d.  terrificus. 
tergeminus  Say,  1823.  Valid  subs|>ccics  of  S.  rntcnatus. 
terrificus  Laurenti,  1768.  Valid  subspecies  of  C.  durissus. 

tess^atus  Hermann,  1804.  Nomen  indeierminatum;  description  too  brief  for  recognition. 
tigris  Kennicott,  1859.  Valid  species  in  the  genus  Crotalus. 

tortugrnsis  Van  Denburgh  and  Slcvin,  1921.  N'alid  species  in  the  genus  Crotalus. 

totonacus  Gloyd  and  Kaufrdd.  1910.  \'alid  subspecies  of  C.  durissus, 

transversus  Taylor,  1911.  Valid  species  in  ihc  genus  Crotalus. 

triseriattu  Waglcr,  1830.  Valid  species  in  ihc  genus  Crotalus. 

tzabeen  Klauber,  1952.  Valid  ^des  in  the  genus  Crotalus. 

unkolor  \.in  Lidth  de  Jeude.  1887.  Valid  spedes  in  the  genus  Crottdtts, 

Vrocrotalon  Fitzingcr,  IS  13.  Synonym  of  Crotalus. 
Uropsophus  Waglcr,  1S:U).  Synonym  of  Crotalus. 
vegrandis  Klauber,  1911.  Valid  subspccicii  of  C.  durissus. 
vMdis  Rafinesque,  1818.  Valid  spedes  in  the  genus  Crotalus. 
wiUardi  Meek,  1905.  Valid  spedes  in  the  genus  Crotalus. 
zetazomae  Brickell,  1805.  Synonym  of  C.  h.  atricaudatus. 


CKObIi-lND£X:  VERN.XCUL.VR  (OR  COMMON)  TO 
TECHNICAL  NAMES 

(The  word  "rattlesnake"  is  omitted  from  the  titles.  W'hcrc  a  collective  word,  such 
as  "diamond"  or  "speckled/'  applies  to  several  subspecies,  all  are  listed.) 


Arizona  ridgc-nnscd 

Aruba  Island 
.\utliin 
Banded  rock 
Bladt-tatled 

Canchrakc 
Carolina  pigmy 
Cedros  Island  diamond 
Central  American 
Central  platrau  dusky 
CerraUo  Island 
Colorado  Desert  sidewinder 
Coronado  Island 
Cross  banded  mountain 
Dei  .\ido  ridge-nosed 
Desert  massasauga 
Diamond  or  diamondback 

l)usk\ 

Dusky  pigmy 
Eastern  diamondback 
Eastern  massasauga 
Eastern  twin-spotted 


.XriAina  black 


.\ngel  de  la  Ciuarda  Island  speckled 


('.  tnit( iif'tlii  inifirlonis 
C.  I'iridis  ccrheru.s 
C.  WiUardi  willardi 

('..  ini  'u  (il<n 

C.  lannomi 
C.  lepidus  klauberi 
C.  molossus  subspedes 
C.  hnrridus  atricaudatus 
S.  viiliarius  miliarius 
C.  exsul 

C.  durissus  durissus 
C.  Iriscriatus  Iriscriatus 
C.  euyo  cerralvetisis 
C.  cerastes  laterorepens 
C.  vmdis  ealighus 

C.  trnn^,'rrsus 

C.  willtn  ili  tiuiabilis 

S.  catenattts  edwardsii 

(..  (i(lo)nnntt'Hs,  C.  nlrox.  ('.  >  iihfr.  etc. 

C.  Iriscriatus  subspedcs  and  C,  pusillus 

S.  HI.  borbouri 
C.  adamanteus 
S.  catenatus  catenatus 
C.  pricei  mitfuihiumus 
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El  Mticrto  Iiland  speckled 

C.  HI.  nnieitntsh 

(.rami  Cainon 

C.  I'lr/V/zs  tihyssiis 

Great  Basin 

C.  J'mrfiA  I  III  OS  us 

Hopt 

C.  viridis  nitntius 

Hliamantlan 

('..  sctitulalussah'ini 

Lance- lu-adt'd 

C.  fmlysliclu.% 

Loiiglaiii-d 

C.  slejurgfri 

Lower  California 

C.  enyo 

Massasauga 

S.  catenatus  subipeciea 

Mexican  black-tailed 

C.  mofos.sus  nigreseens 

Mexican  lance-headed 

C,  poly  St  ictus 

Mexican  pigmy 

S.  ntous 

Mexican  wcst-ooast 

C,  basilisniK  basil iscus 

Midget  faded 

('..  \'iri(iis  cimcnlor 

Mojave 

C.  scutulatm  scululatus 

Mojave  Desert  sidewinder 

C,  cerastes  cerastes 

Mottled  rock 

C.  lebidus  lepidus 

Neotropical 

C.  durissus  subspecies 

Northern  black-tailed 

C.  molossus  molossus 

Northern  Padfic 

C.  viridis  oreganus 

Northwestern  Neotropical 

C.  durissus  rulrtiinntuS 

Oaxacan 

C.  basiliscus  oaxacus 

Oaxacnn  small-headcd 

C.  intermeditu  gloydi 

Otiiiiicman  iinia1)*hrad(*d 

C.  intermedius omiltemantis 

Pacific 

C.  i>.  oreganus  or  C.  t'.  helleri 

Panuiuint 

C.  mitchellii  stepheusi 

Pigmy 

S.  miliarius  subspecies  and  S.  ravus 

Prairie 

C.  viridis  viridis 

Qiicretaran  dusky 

C.  trisrrintus  aqnilus 

Kattlflrss 

C.  calaliuemis 

Red  diamond 

C.  ntfr«r  ruber 

RidgcnoMd 

C.  u'iUardi  subspecies 

Rock 

C.  lepidus  subspecies 

Rosario 

C.  enyo  furvus 

San  Esteban  Island 

C.  molossus  estebanensis 

San  I.ucan  diaindnd 

C.  ruber  lucasrvsis 

San  Lucan  speckled 

C.  mitchellii  mitchellii 

Santa  Catalina  Island 

C.  eatatinensis 

Sidewinder 

C.  cerastes  subspecies 

Small  hcadccl 

C.  intermedius  sul)S|>ccies 

Sonoian  Desert  sidewinder 

C.  cerastes  cercobombus 

South  American 

C.  durissus  terrifieus  (See  footnote  7.  p.  S5.) 

Southern  Pacific 

C.  viridis  helleri 

Southern  ridgc-nnsrd 

C.  U'iUardi  meridionalis 

Soulhweslcrn  speckled 

C.  uiilcht'llii  pytrhus 

Speckled 

C.  mitdtetlii  subspecies 

Tamaulipan  rock 

C.  lepidus  morutus 

Tancilaran  diuky 

C.  pusiltus 

Tiger 

C.  tigris 

Timber 

C.  horridus  horridus 

Tortiir;a  Island  diamond 

C.  tortugcnsis 

Toialcan  small-headed 

C.  intermedius  intermedius 

Totonacan 

C,  durissus  totonaeus 

Twin-spotted 

C.  prieei  subspecies 

Uracoan 

C.  vegrandis 
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Wist  riiihuahua  ridge-ntHted  C.  ivHIukU  silu\ 

VVc-su-i  ii  C.  viridis  subspecies 

Western  diamondback  C,  atrox 

Western  massasauga  S.  catenatus  tergeminm 

Western  pipmv  S.  miliarius  sirrckeri 

VVcslcin  lw  iu-sj>oned  C.pricei  pricei 

Yucatan  Neotropical  C.  durissus  txabcan 
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KEYS  TO  THE  RATTLESNAKES 

When  a  taxonomist  engages  in  the  classification  of  a  group  of  snakes  such  as  the 
rattlesnakes,  he  brings  to  bear  whatever  knowledge  he  may  have  concerning 
the  characteristics  of  the  individuals  that  coiniiosc  the  group.  He  endeavors  to 
discover  subgroup  differences,  whereby  the  individuals  may  be  allocated  into 
separate  categories,  particularly  into  species  and  subspecies.  Not  only  does  he 
endeavor  to  divide  the  available  animals  into  these  smaller  (more  restricted)  cate- 
gories, to  which  separate  names  are  assigned  for  purposes  of  recognition  (taxon- 
omy), but  also  he  attempts  to  determine  group  relationships,  both  present  and 
historical  (phylogeny). 

In  making  taxonomic  and  phylogenetic  studies  of  this  type,  the  worker  accumu- 
lates a  considerable  fund  of  data  involving  \arious  kinds  of  (haractcrs.  The 
usefulness  ot  the  characters  in  classification  dej)ends  on  their  wiihin-group  con- 
sistency and  bciwcen-group  divergence.  No  single  character-catcgoi  y  is  universally 
successful  in  attaining  this  segregative  purpose.  One  character  may  permit  segre- 
gating group  A  from  but  fail  to  separate  B  from  C;  yet  a  second  character 
may  show  that  B  does  differ  from  C.  Some  characters  may  be  readily  ascertained 
in  every  specimen;  others,  skeletal  characters  for  example,  may  be  studied  in 
only  a  few.  Certain  characters,  especially  those  involving  body  proportions  (e.g., 
the  ratio  of  head  to  body  length)  change  during  the  lifetime  of  every  individual, 
which  must  not  be  forgotten  when  comparisons  are  to  be  made. 

Some  of  the  cliaracters  that  are  used  in  the  classification  of  rattlesnakes — and 
most  of  them  in  the  classification  of  other  snakes,  as  well — are  these:  form,  color, 
and  pattern;  scale  numbers,  arrangements,  and  contacts  (squamation);  body-part 
proportions:  osteology;  rattle  dimensions;  male  organs;  venom  quality;  and  blood 
characteristics.  Some  of  these  characters— the  best  example  is  squamation— can, 
with  a  little  practice,  be  evaluated  readily  for  each  specimen.  Others  involve 
highly  technical  processes,  as,  for  example,  the  study  of  blood  constituents  (Deutsch 
and  McShan,  1949,  p.  219;  Cohen,  1951,  p.  0;  1954,  p.  98;  1955,  p.  394;  and  Des- 
sauer  and  his  associates,  1956,  1957.  195H.  and  19()2). 

Elsewhere  in  this  book  I  have  discussed,  and  have  often  tabidatcd,  the  dif- 
ferences in  characters  that  distinguish  the  many  subspecies  ot  rattlesnakes.  But 
the  reader  would  have  a  difficult  time  searching  through  these  compilations  in 
an  endeavor  to  identify  some  particular  specimen.  To  expedite  such  a  project, 
identification  keys  are  provided;  this  is  a  customary  practice  in  all  branches  of 
biology.  In  these  keys,  instead  of  presenting  a  mass  of  indigestible  data  on  each 
subspecies,  only  the  most  easily  ascertainable  character  or  characters  that  will 
segregate  one  subspecies  from  another  arc  used.  F'mther,  the  derisions  on  these 
differences  are  arranged  in  a  particular  order  tliat  will  permit  tlie  shortest  patli 
to  an  accurate  conclusion. 

My  purpose  in  dividing  what  might  have  been  a  single  all-inclusive  key  into 
six  geographically  separate  keys  has  been  to  secure  simplicity  and  accuracy  of 
use  at  the  expense  of  some  duplication.  It  is  true  of  the  rattlesnakes,  as  it  is  of 
many  animals,  that  subspecies  widely  separated  geographically  are  sometimes 
much  alike  superficially.  By  restricting  these  keys  geographically,  I  have  been 
able  to  shorten  and  definitize  the  character  alternatives.  It  will  indeed  be  rare 
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that  anyone  will  wish  to  itlentify  a  S|)ecimcn  whose  origin  will  not  be  known, 
at  least  to  the  extent  of  confining  it  to  one  of  these  six  major  geogiapliital  sub- 
divisions: Canada;  United  States  east  of  the  Mississippi  River;  United  States  west 
of  the  Mississippi  River;  Mexico,  exclusive  of  Baja  California;  Baja  California 
and  adjacent  islands;  Central  and  South  America.  Once  the  user  has  selected 
the  right  geographical  key,  he  will  reach  an  identification  more  (pnckly  and 
accurately  than  would  be  possible  were  dependence  placed  on  i  single  all-inclusive 
key.  Where  a  subspecies  occurs  in  two  or  more  geo^apliical  areas,  it  will  be 
found  included  in  each  key:  and  even  when  its  presence  in  an  area  is  somewhat 
questi(jnable,  it  is  included,  so  that  a  correct  determination  will  result  if  the 
known  range  should  be  extended  into  the  doubtful  area  by  new  discoveries. 

The  keys  are  of  the  so-called  dichotomous  type,  in  whidk  the  user  proceeds  by 
the  selection  of  one  course  from  each  of  successive  pairs  of  alternatives.  Take  the 
key  to  the  rattlesnakes  of  Mexico  as  an  example.  Start  at  I  and  decide  whether 
the  specimen  to  be  identified  is  correctly  described  by  paragraph  la  or  Id.  If  the 
former  is  true,  the  snake  belongs  to  the  genus  Sistrurus;  if  the  latter,  to  the 
genus  Crotalns.  Assume,  in  this  example,  that  it  is  Crotalus.  Note  that  the 
figure  3  appears  at  the  end  of  the  final  line  in  paragraph  1/^:  this  is  an  in- 
struction to  proceed  to  the  paragraphs  headed  '6u  and  36.  Now  decide  which 
of  these  alternative  descriptions  fits  the  specimen  in  hand.  If  it  fits  description  $a, 
then  the  snake  is  Crotalus  cerastes,  and  it  is  necessary  to  proceed  to  ia  and  4b 
to  find  whether  it  belongs  to  the  subspecies  cercobombus  or  laterorepens.  If,  on  the 
other  hand,  3&  properly  describes  the  specimen,  then  you  are  directed  by  the  figure 
5  at  the  end  of  the  line  to  proceed  to  :m  and  56  for  the  next  choice,  and  so  on. 
1  hus,  by  successive  selections  of  one  of  the  pairs  of  alternatives,  a  final  decision 
is  eventually  reached. 

When  an  identification . iias  been  made,  the  conclusion  should  Ijc  chec  ked 
against  the  geographical  tables  (tables  2:1  to  2:6)  or  range  maps  (figs.  2:1  to  2:10) 
to  see  whether  the  subspecies  arrived  at  does  occur  where  the  specimen  was 
found.  The  specimen  photographs  '(figs.  2:11  to  2:82)  and  scale-character  table 
(table  2:7)  will  also  be  found  useful.  Thus  an  inaccurate  conclusion  may  be 
avoided,  even  if  some  peculiarity  of  the  specimen  or  ambiguity  in  the  keys  has 
caused  a  wrong  turning  at  one  of  the  branch  points.  If  the  locality  where  a  speci- 
men was  captured  is  known  with  accuiacy,  ah\a\s  doubt  the  key  or  its  method 
of  use  before  taking  it  lor  granted  that  some  subspecies  has  been  found  in  an 
area  far  from  its  previously  known  range. 

In  using  a  key  of  this  type,  it  is  always  essential  to  begin  at  \a,  otherwise  an 
accurate  identification  may  not  be  reached. 

Sometimes  it  will  be  found,  when  each  of  the  alternatives  lists  several  char* 
acter  differences,  that  the  specimen  in  hand  indicates  that  one  course  should  be 
followed  if  the  decision  is  based  on  one  character,  but  that  the  alternative  course 
should  be  taken  based  on  another.  Tlien  the  user  should  be  guided  first  hy  geo- 
graphical considerations,  especially  if  one  course  should  indicate  the  jjresence 
of  a  particular  subspecies  in  an  area  distant  from  its  known  range.  Second,  the 
user  should  be  guided  by  the  relative  importance  and  stability  of  the  several 
characters  cited  at  this  particular  branch  point  in  the  key,  a  requirement  neces^ 
sitating  some  experience  in  the  genus. 
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The  differendation  between  the  subspecies  of  a  single  species  is  sektom  as  con> 
sistent  and  clear-cut  as  the  distinction  between  species.  Even  whore  the  subspecies 
are  well  differentiated,  as  they  occur  at  their  respective  centers  of  population, 
their  (lifferential  ( harac  ters  are  no  ionjijci'  shai  piv  distint  live  in  areas  where  their 
rani^es  approach  each  other.  Siuh  areas  ol  inici l;i ailation  arc  hkclv  to  l)f  broad, 
with  subspecies  j)ooi  l\  (HI h'retnialed,  whcie  ecological  chaiii^es  are  also  bro.n!  and 
gradual,  Examples  of  such  areas  where  the  allcxaiion  ot  specimens  to  pariiciilar 
subspecies  by  the  use  of  the  keys  is  diflicuU,  are,  tirst,  the  place  where  the  sub- 
species Crotalus  viridis  viridis,  C.  v.  concolor,  and  C.  v.  nuntius  approach  each 
other  in  the  vicinity  of  Four  Comers  (the  point  where  the  states  of  Utah,  Colo- 
rado, New  Mexico,  and  Arizona  meet) ;  and,  second,  in  the  Texas  Panhandle  and 
south^stem  Colorado,  where  the  two  subspecies  of  Sistrurus  catenatus,  that  is 
5.  c.  tergeminus  and  S.  c.  edioardsii,  intermingle.'^ 


**MaaUn,  I06'>.  p.  31,  shows  the  difficulty  in  (Ictcrmining  to  which  subspedcs,  S.  e.  edwardsii  or 
S,  c,  tergeminus,  ilie  massasaugas  of  Colorado,  belong. 
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Fig.  2:83.  Mciliods  of  measurcmciil. 


Fig.  2:84.  MeLhod  of  counting  dorsal  scale  rows. 


Fig.  2:8!5.  Ventral  view  of  tail  with  ncnnenchturc. 
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In  addition  to  the  six  geographical  keys  to  the  rnttk  snakes  that  I  have  prepared, 
I  also  present  three  keys  prepared  by  Bayard  H.  Braitstroni  at  the  I'nivcrsity  of 
California,  I.os  Angeles,  as  a  part  of  his  study  of  the  crotalids  (19ti4a,  p.  187)  . 
These  kc\s  indiule  the  loUouing: 

Key  to  the  genera  of  the  Crotalidae  based  on  external  characters 

Key  to  the  genera  of  the  Crotalidae  based  on  the  adult  tfcuU 

Key  to  the  spedes  of  the  genera  Crotelus  and  Sistntrus  based  on  the  adult  skull 


GLOSSARY 

This  glossary  is  intended  to  explain  the  variotis  terms,  particularly  those  of  squama- 
tion  (scalation),  in  the  keys  that  follow. 

Anal  plate.  The  large  plate  covering  the  vent  (fig.  2:fl5).  It  marks  the  division  between  body  and 

tail. 

Angle  of  the  mouth.  The  puint  at  which  the  upper  and  lower  jaws  diverge  (fig.  2:90).  Also  called 
the  rictus  of  the  mouth  or  the  commissure.  It  lies  between  the  last  supralabial  and  last  infra« 

labial  (fig.  2:88)  . 

Apiail  scale  pits.  A  pair  of  depressions  faintly  c\  idem  on  ihe  posterior  end  of  each  scale;  usually 
most  evident  dorsally  near  the  tail  or  on  the  tail.  They  arc  shown,  rather  exaggerated,  in 
the  scales  immediately  above  scales  numbers  9  and  10,  figure  2:84. 

Body  blotches.  The  blotches  of  the  primary  dorsal  scries,  which  are  counted  from  the  posterior 
edge  of  the  head  to  a  point  opposite  the  anus;  the  tail  rings  are  not  included.  On  the  sides 
there  are  usually  additional  series  of  smaller  blotches  known  as  the  lateral,  auxiliary,  or 
secondary  blotches,  often  in  several  rows,  one  below  the  other.  In  muiy  spedes  of  rattle- 
snakes, especially  on  the  posterior  half  or  third  of  the  Iwdy,  the  main  donal  blotches  merge 
with  the  laterals  to  form  crossbars,  chevrons,  or  rings  (iig.  2:127) . 

Button.  See  Rattles. 

Canthals.  The  border  scales  of  the  cro%m  between  the  intemasals  and  the  supraoculars  (figs. 

2:87  and  L'  ss  i.  They  are  sometimes  pabed  and  in  contact,  in  which  case  they  are  synonymous 

with  prefrontals  (hg.  2:125)  . 
(kmtkus  rostratis.  The  outer  edge  of  the  flat  area  of  the  crown,  where  it  turns  downward  on 

the  side,  extending  from  the  rostral  to  the  supraocular  (Bg.  2:B7). 
Caudals.  See  Subraudals. 
Commissure.  Hec  Angle  of  the  mouth. 
Complete.  An  unbroken  rattle  string  with  the  button  intact. 
Con/Iiieitt.  Joined  together. 

Crown.  The  forward  part  of  the  top  of  the  head,  that  is,  the  area  in  Crotolus  Occupied  by  the 

9  large  plates  in  Sistrurus  (<igs.  2:80  and  2:87). 
Distal.  Distant  from  the  point  of  attachment;  the  opposite  of  proximal. 

Dorsal  scales.  Sec  Scale  mu  s. 

Foveals.  Small  scales  sinroimdinc;  the  pit  exteriorlv  that  liave  no  other  regular  desinnalions.  (See 
also  Lacunals.)  The  prcfovcals  usually  lall  within  the  triangle  between  the  lacunals,  loreal, 
postnasal,  and  supralabials  (fig.  2:91).  They  sometimes  extend  forward  to  the  rostral  bettveen 
the  prenasal  and  the  first  supralabial  (lij;.  2:12!  and  2:1-1S).  The  subfovcals  lie  between 
the  lacunals  and  the  supralabials.  If  a  lacunal  contacts  a  supralabial,  thus  interrupting  a 
complete  row  of  subfoveals,  then  all  foveals  are  considered  to  be  prefoveals  and  postfoveals, 
rather  than  subfoveals.  Postfoveals  may  be  assumed  to  terminate  at  the  interoculabiats. 

Fringes.  See  Ratt!r-frin;^r  ualrs. 

Frontal.  I'he  large  plate  between  the  supraoculars  in  Sislrurus  (lig.  2:S();.  In  Crotalus  this  space 
u  filled  with  scales  more  or  less  irregularly  disposed  (lig.  2:87),  and  is  referred  to  as  the 
frontal  area,  and  the  scales  as  the  intersupraoculars.  When  the  "minimum  scales  between  the 

supraoculars"  arc  specified,  the  p:ith  traversing  the  fewest  scales  is  meant;  this  is  usually  at 
the  anterior  part  of  the  frontal  area  as  in  tigures  2:12.5  and  2:130. 
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Fif  .  2:87.  Nomenclature  of  head  scales  of  Crotalus,  donal  view. 
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Frontal  area.  Sec  Frontal. 

Genials.  The  genials,  or  chin  shields,  arc  a  pair  of  enlarged  scales  back  ol  ihe  first  infralabiab 
(figs.  2:S9  and  2:90).  Occasionally  the  posterior  tips  of  the  first  inftalabiab  are  cut  off  to  form 
an  extra  [)aii  of  triangular  scales,  which  arc  called  intergenials  (fig.  2:145).  Snakes  other  than 
rattlesnakes  often  have  two  pairs  of  genials:  an  anterior  and  posterior. 

Granules.  Tiny  scales. 

Ground  color.  The  basic  or  badcground  color  between  blotches  or  rings,  shown  in  medium  gray 

in  fiKurcs  2:101.  2:120.  and  2:128. 

Gulars.  The  small  scales  covering  the  underside  of  the  head,  between  the  infralabials  on  the  op- 
posite sides  of  the  head,  and  not  otherwise  specifically  named  (fig.  2:00). 
Head  length.  See  Lengths, 

Head  marks.  Although  there  is  a  considerable  variation  in  the  head  marks  of  the  raltlcsiiakcs, 
there  are  some  that  occur  in  many  species;  these  are  indicated  as  to  general  position  and 
direction  in  figures  2:02  and  2:03.  The  light  supraocular  crossbars  in  some  species  are  present 
only  on  the  supraoculars  and  not  in  the  intervening  frontal  area.  Nearly  all  species  have  a 
(I;irk  streak  extending  from  the  eye  toward  the  angle  of  the  mouth. 

Infralabials.  See  Labials. 

tnftaloreals.  See  Loreals. 

Inlercant/iiils.  Scales  in  the  prefrontal  area  between  the  canthals (fig.  2:87). 

Intfrn(i\tils.  riic  --(.I lis  in  (ontrut  with  the  rostral  from  nasal  to  nasal  reganllcss  of  si/c  ilii^s.  2:H<i 
and  2:87)  .  In  most  raitUsnakes  there  are  two  (tig.  2:117)  ;  in  firitiis  and  its  subsjjccies.  gen- 
erally three  or  more  (fig.  2:ll(t) . 

Interoeulabu^s.  SuiIls  bet^scen  tlu-  (  vc  and  the  lip,  including  a  sid>acular  and  a  supralabial  at 
the  uf)i)er  and  lower  ends  of  the  series.  They  are  usually  counted  below  the  center  of  the  eye 
(fig.  2:91). 

Interpreoculars.  Small  scales  occasionally  interposed  between  the  large  upper  preocular  and  the 

crescentic  lower  preocular  (fig.  -  'U 
Inters  pact-.  The  spate  between  blolclies,  cbevrons,  OT  xing^ 

Intcrsupraoculars.  See  Frontal. 

Labials.  Bordering  the  mouth  above  are  the  supralabials,  or  upper  labials  (figs.  2:88  and  2:89), 
which  extend  from  the  rostral  lo  the  angle  of  the  mouth  (also  called  the  rictus  of  the  tiunith, 
or  mm  in  insure).  The  roxir:(l  is  not  rounted  as  one  of  the  sujir:ilabial>..  Siniil;ith  the  infralabi;»ls, 
or  lower  labials,  extend  along  the  lower  lip  from  the  mental  to  the  angle  of  ihe  mouth 
(figs.  2:88,  2:89.  and  2:90).  The  first  infralabials  are  sometimes  divided  transversely  (fig.  2:132). 
When  counting  infralabials,  the  mental  is  not  intluded. 

Lacunals.  Scales  lining  the  pit  interiorly  (f«g-  2:91).  1  hey  usually  arc  visible  exteriorly;  if  they 
are  entirely  exterior,  they  are  to  t>e  considered  foveals  rather  than  lacunals. 

Lengths.  The  over-all  length  is  measured  from  the  tip  of  the  snout  (rostral)  to  the  forward  edge 
of  the  proximal  rattle  liig.  'J:S:<i.  Head  leuirth  is  measured  fnnn  the  rostral  in  a  line  joining 
the  posterior  tips  of  the  mandibular  bones.  Tail  length  is  from  the  center  of  the  anal  plate 
to  the  forward  edge  of  the  proximal  rattle. 

Lobe.  One  of  the  several  parts  (usually  Si  in  adulu)  between  the  constrictions  of  a  single  rattle 
segment.  The  anterior  lobe  of  every  rattle  is  alwavs  visible;  the  posterior  lobes  of  any  but 
the  distal  rattle  are  always  hidden  by  the  rattle  that  follows  it  behind  <tigs.  2:94  and  2:9a). 

Loreals.  The  scales  (one  or  more)  on  the  side  of  the  head  between  the  postnasal  and  the  preoculars 
(fig.  2:88).  No  species  of  rattlesnake  is  regularly  without  at  least  one  loreal  on  eadi  side, 
although  rarely  an  iiKli\  idiial  may  have  none.  Often  there  are  two  loreals:  an  upper  or  supra- 
lorcal,  and  a  luwci  or  intmlurcul. 

Matrix.  The  fleshy  terminus  of  the  tail  upon  which  each  successive  rattle  is  formed.  It  is  faintly 
visible  through  the  semitransparent  proximal  rattle  lobe. 

Mental.  The  triangular  scale  at  the  anterior  tip  of  the  lower  jaw  (fitjs.  2  ;iiul  2:!H(>.  Occasionally 
the  posterior  tip  of  the  mental  may  be  cut  off  lo  form  a  submental  (lig.  2:146). 

Nasais.  A  pair  of  scales  on  cither  side  of  the  nostril,  called  respectively,  the  prenasal  and  post- 
nasal (figs.  2:88  and  2:80)  In  some  species  (c.g..  lepidus)  tlie  prcnasals  and  postnasals  may 
be  joiiietl  together  al)ove  the  nostril. 

*'H.  M.  Smith  (1946,  p.  82)  prefers  the  terms  "preseminasal"  and  "postseminasal." 
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LOMCALS 


CANTHALS*.     \\  , 


.UPPER  PAEOCULAK 
^SUPRAOCULAR 

,POSTOCULARS 


P0STNA5A 

NOSTRIL-. 
PReNASAL- 
AOSTRAL- 

PIT — 
PIRST  SUPRALABIAL— 
MCNTAU 
PIRST  INPRALAWAL'* 

LOWER  PRCOCULAR' 


-LAST  SUPRALABIAL 
-LAST  INPRALABIAL 


Fig.  2:88.  Nomenclature  of  head  scales  of  Crotalm,  lateral  view. 


VmST  INFRALABIAL 

Fig.  2:89.  Nomenclature  of  head  scales  of  Crotaha,  front  view. 


Fig.  2:90.  Nomenclature  of  heat!  scales  of  Crotaius,  ventral  view. 
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Occipital  arm.  The  posterior  top  of  the  head  back  of  the  parietal  area — that  is,  back  of  the  parietal 

plutcs  ill  liguic 

Oetdars.  The  scales  surrounding  the  eye.  The  supraoculars  are  large  and  jut  over  the  eyes  (fig. 
2:88).  In  front  of  the  eyes  there  are  usually  two  preoculars:  the  upper  larger,  the  lower  narrow 
and  crcsccnt-shapcd.  It  is  usnallv  dilTirult  to  determine  which  scale  should  be  considered 
ihc  lowest  postocular,  and  which  the  last  subocular. 

Orbit.  The  eye  opening. 

Paravertebral.  On  each  side  of  the  middorsal  line. 

Parietal  area.  Tlie  area  of  the  top  of  the  iicad  occupied  by  the  parietal  plates  in  Sistruriis  (fig.  2:86). 
Parietals.  A  pair  of  large  plates  posterior  to  the  supraoculars  and  frontal  in  Sistrurus  (Gg.  2:K6). 

This  area  is  occupied  by  irregular  scales  in  Crotelvu  (fig.  2:87). 
Pa7.  A  deep  depression  on  the  side  of  the  head  below  and  back  of  the  nostril  (figs.  2:88  and  2:89). 

It  is  the  extrrnnl  opening  of  a  sensory  organ. 
Pit  scales.  Sec  Lacunals  and  loveals. 

Plate,  Any  large,  flat  scale,  particularly  on  the  head  or  belly. 

Postfoveals.  Sec  Foveals. 

Postlorrah.  .Small  scales  posterior  to  the  upper  loreal  and  above  the  upper  preocular  (fig.  2:91); 

they  cannot  always  be  dillerentiated  from  postsupratoreals. 
Postnasals.  See  Nasals. 

Postonilars.  See  Oculars. 

Postrostral.  A  small  scale  bounded  by  the  rostral,  prenasal,  and  first  supralabial  (fig.  2:140).  If 
there  is  an  unbroken  line  of  foveals  to  the  rostral  (as  in  lig.  2:121),  the  postrostral  is  counted 

as  a  foveal. 

Postsupratoreals.  One  or  more  small  scales  posterior  to  the  loreal  OT  upper  lorcai,  and  below  the 

canthals  (lig.  2:91).  Sec  also  Posllorcals. 
Prehutton.  See  Rattles. 

Preciliaries.  Small  scales  above  the  regular  upper  preocular,  in  contaa  with  the  eye  and  the  supra* 

ocular  ffiR.  2:01). 
PrefoveaU.  Sec  Foveals. 

Prefrontals.  In  Sistrurus  the  two  large  plates  posterior  to  the  intemasals  (fig.  2:86).  In  CrotaluSf 
with  a  few  exceptions — of  which  pusillus,  some  durissus,  and  some  molossus  arc  examples 
riig.  2:12'))— this  space  (often  referred  to  as  the  prefrontal  area)  is  filled  with  irregularly 

disposed  scales  called  the  intercanthals  (fig.  2:K7). 
Prenasals.  See  ATeuob. 

Preoculars.  Sec  Oc^ilnrs. 

Presupraloreals.  One  or  more  small  scales  anterior  to  the  loreal  or  upper  loreal  and  below  the 

canthals  (fig.  2:9]> 
Process.  A  projecting  part  ot  extenrion. 

ProxifiuiL  rnu  anl  the  point  of  attachment;  the  opposite  of  distal. 
Punctalioiu.  Small  spots  or  dOtS. 

Rattle-fringe  scales.  The  last  scales  on  the  tail  that  cover  the  forward  edge  of  the  rattle  (fig.  2:8r>). 
Rattles.  The  rattle  terminology  is  illustrated  in  figures  2:04  and  2:95.  The  proximal  rattle  is  that 

next  to  the  tail  and  is  the  one  most  recently  added  to  the  string.  The  button  (or  rattle- 
button)  is  the  iirst  permanent  rattle  acquired  by  a  young  snake,  the  rattle  present  at  birth 
(the  prebutton — fig.  5:3)  being  invariably  lost  with  the  first  shedding  of  the  Ain.  The  button 
renuiins  as  the  posterior  terminus  of  the  rattle-string  until  lost  by  brealu^c'^it  is  usually 
present  in  juveniles  or  younsi  iidults.  hut  rarely  in  older  spetimens.  The  rattle  width  (al.s<i 
culled  tlic  durso\cntrHl  wiiltli;   of  any  !>c-giiicni  is  iiicusurcd  as  indicated  in  ligure  2:95.  In 

these  keys  the  widths  of  the  proximal  rattle  and  of  tlie  button  are  occasionally  used. 

Rostral.  The  large  stale  on  the  front  of  the  nose  (figs.  2:86,  2:«7.  2:88,  and  2:89) . 

Scale-boss.  A  knobby  prominence,  tuberculalion,  or  swelling  on  the  posterior  part  of  eaih  stale, 
especially  evident  on  the  middorsal  rows  of  some  species,  particularly  durissus.  It  is  to  a 
oeruin  extent  independent  of  the  keeling  (or  central  ridge  on  each  scale)  that  is  present 
in  all  rattlesnake  species  on  all  but  the  one  or  two  lowest  dorsolateral  rows. 

Scale  roxcs.  Where  the  number  of  dorsal  scale  rows  is  given,  the  number  at  mid-body  is  meant, 
beginning  with  the  row  next  to  the  ventrals  on  one  side  and  ending  with  the  corresponding 

**■  Except  in  C.  calalinensis. 
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INFRALOREAL 
SUPRALOREAL  I 
PRESUPRALOREAL^ 


/POSTSUPRALOREAL 
'  ^/POSTLOREAL 
/  /INTERPREOCULAR 
/  /SUPERCILIARY 


POST ROSTRAL 
PREFOVEALS 

LACUNALS'  '  ^INTEROCULABIALS 

SUBFOVEALS''      \  ^SUBOCULARS 

POSTFOVEALS 

Fig.  2:91.  Nomendafure  of  head  scales  of  Crotalus.  lateral  view,  showing  some  scales 
not  designated  in  fig.  2:88,  together  with  others  of  less  frequent  occurence. 


Fig.  2:92.  Head  pattern  of  Crolalus, 
dorsal  view. 


1  WIDTH  or  RATTLE 
PROXIMAL  RATTLE  > 


Fig.  2:S>4.  Complclc  rattle  with  button,  / 

TERMtNAL  RATTLe' 
(NOT  ORIGINAL  BUTTOn) 


Fig.  2;95.  Incomplcie  rattle;  also  showing 
how  rattle  width  is  measured. 
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lou-  on  tlie  fither  (lip;.  2:Hli.  Orrasioiially  the  irale  rows  at  the  renter  of  ihc  mil  are  referred 
to;  these  should  be  counted  midway  belu'ceu  the  anal  plate  and  the  anterior  edge  o[  the 
proximal  rattle. 

Scales  long  or  scales  wide*  To  draw  comparisons  between  the  sizes  of  blotches,  their  lengths  and 
widths  arc  often  expressed  in  terms  of  (lie  number  of  stales  or  scale  rows  cncoiiipasset!.  Scales 
long  means  the  number  of  scales  withm  a  blotch,  end  to  end  lengthwise  of  the  body  of  the 
snake.  Scales  wide  means  the  number  of  scale  rows  (counted  as  in  fig.  2:84>  encompassed 
within  a  blotch  across  the  body. 

Scute.  A  large  flat  scale;  a  term  often  applied  to  the  \entrals. 

Skull.  For  the  names  of  tiic  bones  of  the  skull  sec  figures  11:1  to  1 1: 1. 

Stippled.  Marked  with  dots. 

Sub-.  This  prefix  applied  to  a  scale  usually  means  liclow  or  under.  .\  subloreal  is  l)elow  the  main 
loreal.  Applied  to  a  geometrical  adjcaivc,  such  as  circular,  quadrate,  or  he.xagonal,  it  .signifies 
likeness.  That  is,  subellipiical  means  somewhat  or  nearly  elliptical,  but  not  precisely  so. 

Si^caudals.  The  subcaudals  (caudals  or  urosteges)  are  counted  beginnii^  with  the  first  scale  on 
the  mid-ventral  line  posterior  to  the  anal  plate  and  ending  with  tlie  last  scale  anterior  to 
the  proximal  rattle  (fig.  2:H,">).  Divided  scales — that  is,  those  ha\ing  mid-ventral  sutures, 
frequently  found  toward  the  beginning  or  end  of  the  series — are  counted  as  if  undivided. 
The  fringe  of  small  and  Irregular  scales  that  usually  covers  the  anterior  edge  of  the  rattle 
is  not  counted  as  a  caudal. 

Subfoveals.  See  Foveals. 

Suboculars.  Scales  below  and  touching  the  eye  (fig.  2:88). 
Supndabiats.  See  Labials, 

SiiprnlnrcnJs.  Sec  meals. 

Supraoculars,  ihe  large  plates  abo\e  each  eye  (lig.  2:S0,  2:87,  2:88,  and  2:8U;.  See  also  Oculars. 
Suture.  A  division  or  deep  crease  between  two  scales  or  plates,  or  the  parts  of  a  plate. 
Tail  length.  See  Lcuolhs. 

Tail  rings.  The  dorsal  rings  between  the  anus  and  tlie  proximal  rattle  (fig.  2:12^.  In  some  spedes 

they  are  obscure  and  can  be  counted  only  approximately  if  at  all. 
TtAercuiate.  See  Scale-boss. 

Fenlrajf.  The  large  plates  on  the  belly.  The  ventral  |>latcs  (sonletill1L^  t  ailed  the  gastrosteges) 
arc  counted  by  beginning  with  the  fust  scale  on  the  underside  of  the  head  that  is  distinctly 
wider  than  long  (lig.  2:90) ,  and  ending  with  the  scale  anterior  to  the  anal  plate,  but  not 
including  the  latter  (fig.  2:85) . 

Vertebra.  For  the  designations  of  the  p;irts  of  a  vertebra  see  figures  3:1-5:S. 

Vertebral  process.  A  ridge  along  the  center  of  the  back  accentuated  in  some  spedes,  o£  which 
durissus  is  the  best  example. 


KEY  TO  THE  RATTLESNAKES  OF  CANADA 

la.  Top  of  head  with  large  plates  anteriorly,  usually  9  in  number  (lig.  2:96}  -   -     ^  ' 

Sistturus  eatenatus  ea/maitii  (fig.  2:76) 

lf>.  Top  of  head  with  small  scales  anteriorly  (lig.  'J:97)  Ck'niis  Crntnlus  2 

2rt.  Two  interna.sais  (lig.  2:117)  ;  dark  rings  on  the  tail  not  well  differentiated  frcmi  the  ground 

color;  tail  often  black  Croialus  horrulm  Itorridus  (lig.  2:30) 

Sb.Uaually  more  than  two  intertuuals  <acal«s  betwen  naaala  and  in  conuct  with  rostral, 
ri  g iidli  ss  of  sixe  or  position,  fig.  2:116) ;  dark  tail  rings  clearly  contrasting  with  a  lighter 

background   3" 

Sa.  Anterior  dark  tail  rings  usually  olive  to  brown,  on  a  hulF,  greenish,  or  olive  background;  rings 

narrower,  usually  2  scales  wide  laterally  Crotelus  mridis  iHridis  (fig.  2:62) 

?,!>.  Anterior  dark  tail  rings  usually  dark'brown  to  black,  on  a  light  grav  backgroimd;  rings  wifler, 
usually  3  scaks  wide  laleially  Crotiiiiis  I'itidis  Dicgfinits  (figs.  2:7U  and  2:71) 

**  When  this  point  in  the  key  has  been  reached,  the  final  decision  can,  if  desired,  he  made 
entirely  on  geographical  considerations.  In  Canada,  C.  v.  x'iridis  occurs  only  in  Saskatchewan  and 
Alberu;  €.  v.  oreganus  only  hi  British  Columbia.  No  other  kinds  of  rattlesnakes  are  found  in 
these  provinces. 


Copyrighted  material 


118       Classification  and  Identification 


Fig.  2:96.  Dorsal  head  plates  of  Sistruriis 
(S.  catenalus). 


¥ifr.  2:9ft.  v.  ratenatui,  showinR  rostral  not 
curved  over  snout,  upper  prcocular  contact- 
ing poiitnasal.  and  anterior  subocular  touch- 
ing fourth  and  fifth  supralahials. 


Fig.  2:100.  C.  adamanteus,  showing  vertical 
light  marks  on  prenasal  and  first  .supralabial. 


Fig.  2:97.  Dorsal  head  scales  of 
Crotalus  (C.  atrox). 


Fig.  2:99.  .V.  miliarias,  showing  upper  pre- 
ocular  separated  from  postnasal,  and  anterior 
subocular  touching  third  and  fourth  supra- 
lahials. 


Fig.  2:101.  Dorsal  pattern  of  C.  Ii.  horridus. 


Cc 
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KEY  TO  THE  RATTLESNAKES  OF  THE  UNITED  STATES 
EAST  OF  THE  MISSISSIPPI  RIVER 

la.  Top  of  the  head  with  large,  symmetrically  tmngcd  plates  anteriorly,  usually  9  in  nrnnber 

(lig.  2:%)  Genus  Sistrurus  2 

16.  Top  of  tlic  head  with  small  scales  anteriorly  (fig.  2:97)  Genus  Cratalits  5 

2a.  Upper  prcocular  usually  in  contact  witli  the  postnasal  (lig.  2:98)  ;  anterior  subocular  usu- 
ally contacts  the  fourth  and  fifth  supralabials;  1 1  or  more  dorsal  scale  rows  at  the  center 
of  the  tail;  no  red  or  orange  in  the  interblotch  spaces  on  the  middorsal  linc 

Sistrurtis  catetwttis  aitrniitti^   (fip.  2:76) 
9b.  Upper  prcocular  not  in  contact  with  the  postnasal  (fig.  2:99)  ;  anterior  subocular  usually 
contacts  the  third  and  fourth  supralabials;  10  or  fewer  dorsal  scale  rows  at  the  center  of 
the  tail;  usually  with  red  or  onnge  between  blotches  on  the  middorsal  line 

Siifrttrus  miVmrlus 
(For  subspecies  continue  on  to  3) 

9a,  Dorsal  coloration  dark-gray  to  black;  ventral  surfooe  white,  heavily  bkitdied  with  dark-brown 
or  black;  head  markings  obscure;  lateral  spou  in  S  series.  .Sistrurus  miliarius  barbouri  (fig.  2:80) 
Sfr.Dorsal  colmaiinn  lnown  or  lii;ht-gray:  ventral  surface  cream,  moderately  flecked  with  brown 

or  pray;  tuatl  niarkint^s  liistinct;  lateral  spots  in  I  or  2  scries   4 

4a.  Dorsal  scale  rows  usually  23;  dorsal  spots  oval  or  subcircular,  with  even  edges;  lateral 
Spots  usually  round;  ventral  spots  usually  occupying  two  adjacent  scutes 

Sistrurm  miliar  his  miliarius  (fig.  2:7fl) 
46.  Dorsal  scale  rows  usually  21;  dorsal  spots  wider  than  long  and  with  irregular  edges; 
lateral  spots  usually  higher  than  wide;  ventral  spots  confined  to  individual  scutes 

Sistrurus  miliarius  strecheri  (fig.  2:81) 
5a.  A  vertical  light  line  on  the  posterior  edges  of  the  prciiasals  and  first  Supralabials  (rig.2:100){  a 
pattern  of  black  or  dark-brown  diamonds,  bordered  by  single  rows  of  >ello\Nish  scales 

Crolalus  adamanteus  (hg.  2:11) 

5fr.  No  vertical  light  line  on  the  posterior  edges  of  the  prenasals  and  first  supralabials;  a  pattern 
comprising  a  series  of  crossbands  or  chevrons  (fig.2:101),  often  irr^ular,  or  \vith  the  body  all 

black  ,  Crotabis  horridus 

(For  subspecies  continue  on  to  6) 
6a.  Dorsal  scale  rows  usually  23;  postocular  dark  stripe  indistinct;  body  bands  often  dull,  not 
sharply  contrasting  with  the  ground  color,  sometimes  obscured  by  black 

CrottUus  horridus  horridus  (Gg.  2:.10) 
66.  Dorsal  scale  rows  usually  25;  postocular  dark  stripe  distinct;  body  bands  sharply  contrast- 
ing with  ground  color,  often  outlined  with  light  scales. 

Crotalus  horridus  atneaudatus  (fig.  2:31) 


KEY  TO  IHE  RAl  ILKSNAkES  OF  1  HE  UNITED  STA1£S 
WEST  OF  THE  MISSISSIPPI  RIVER 

la.  Top  of  the  head  with  large  plates  anteriorly  (usually  9  in  number)  induding  a  single  fronul 
and  a  pair  of  larg^,  symmetrical  parietals  in  contact  with  each  other  (fig.  2:06) 

Cirnus  Sistrurus  2 

lij.  Top  of  the  head  with  scales  of  varying  si/e  anteriorly;  more  than  one  scale  in  the  frontal  area; 

parietals,  if  enlarged,  not  in  contact  or  symmetrical  (fig.  2:97)  Genus  Crotalus  4 

2o.  I'ppei  prcocular  not  in  contact  with  the  postnasal  (fig.  2:99);  anterior  subocular  usually 
contacts  the  third  and  fourth  supralabials;  10  or  fewer  dorsal  scale  rows  at  the  center  of 
the  tail;  usually  with  red  or  orange  between  blotches  on  the  middorsal  line 

Xislrurus  mitiarim  sireckeri  (fig.  2:Al) 
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Fig.  2: 102.  Ventral  pattern  of  .S".  r.  catenatiis.  Fig.  2:10.^.  Wntral  pattern  of  V.  r.  lergeiitittus. 


Fig.  2:106.  Lateral  head  scales  of 

Crotahis  (C.  atrox).  ^'R-  2:107.  Head  scales  of  Crotalus  (C.  atrox) 

(front  view). 


Fig.  2:108.  Cross  section  of  head  of  C.  wilhrdi, 
showing  intcrnasal  ridge. 


Fig.  2:10<).  Head  of  C.  w.  it'»7/rtrf/;.  showing 
light  line  pie.sent  un  rostral  and  mental. 
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%b.  I'pfK-r  prcotul.ii  usually  in  contact  with  the  postnasal  (lig.  2:!)S)  ;  aiitciior  subbcular 
usuuli)  cuntacis  ilic  fuui  th  and  liftli  supralabials;  1 1  ui  mure  dorsal  scale  rows  ai  the 
center  of  the  tail;  no  red  or  orange  in  the  interhlotch  spaces  on  the  middonal  line 

Sistrurw  calenntm 
[For  .\uh\fxTics  (ontiniU!  oti  to  3) 
3«(.  L'ndcrsurface  dark,  heavily  clouded  with  black  iilonius.  often  almost  solid  hiacic  (fig.  2:102); 
mid-body  acale  rows  usually  25;  Imdy  blotches  usually  fewer  than  S7 

si\!nn!is  Kiiciuitu^  caleiialHs  (fig.  2:76) 
3/*.  I'lukrsiM fate  mottled,  spotted,  or  iininactdate.  the  dark  an  as  In  ing  less  extensive  than  the 

light;  mid-body  scale  rows  23  or  2a;  body  i>lotcl)cs  usually  inure  lliaii  3G  4 

4a.  UndersurlaGe  mottled  or  considerably  spotted  (fig.  2:103) :  raid-body  scale  rows  usually  25 

SiitTurm  aUenatus  tergeminus  (fig.  2:78) 
46.  Undersurfaoe  lightly  spotted  or  immaculate;  mid-body  stale  rows  usually  23 

Sistrunis  catenaliis  edwardsii  (fig.  2:77) 
Sa.  Outer  edges  of  the  supraoculars  extended  Into  raised  and  flexible  hornlike  processes  dis- 
tinctly pointed  at  the  tip  (figs.  2:104  and  2:105)  Crotalus  cerastes 

if'or  \iib^j>C(  ie\  (nulinuc  an  to  6) 
bb.  Outer  edges  of  the  supraoculars  nut  extended  into  pointed  hornlike  processes  (tigs.  2:  llKi  and 

2:107)    8 

6a.  Proximal  lobe  of  the  rattle-matrix  brown  in  adults  Crolalm  cerastes  cerastes  (fig.  2:16) 

66.  Proximal  lobe  of  tlie  rattle-malri\  blatk  in  adults   7 

7a.  Mid-body  scale  rows  usually  23;  ventrals  in  the  males  m(»re  than  141;  in  the  fi  iiiales  more 

than  145  Crotalus  cerastes  lateroreju  us  (fig.  2:18) 

lb.  Mid-body  scale  rows  usually  21;  ventrals  in  the  males  141  or  fewer;  in  the  females  145  or 

fewer  Crotalus  cerastes  cercobombus  (fig.  2:17) 

8a.  Tip  of  the  snout  and  the  anterior  c-anthus  rostralis  raised  into  a  sharp  ridge  (lig.  2:H)S) 

Crotalus  willardi 
(For  subspecies  continue  on  to  9) 
8fr.Tip  of  the  snout  and  the  anterior  canthus  rostralis  not  raised  into  a  sharp  ridge  (fig. 

2:110)   10 

9a.  A  white  vertical  line  on  the  rostral  and  mental  (fig.  2:109).  .Crotalus  willardi  willardi  (hg.  2:72) 
9b. No  white  vertical  line  on  the  rostral  or  mental.  .Crotalus  willardi  silus  (fig.  2:75) 


Fig.  2: 1 1 1 .  Dur.sal  pattern  of  C.  p.  pricei, 
showing  twin  rows  of  spots. 


Fig.  2:112.  Head  of  C.  p.  pricei,  showing 
broad  contact  between  postnasal  and  first  su- 
pralabial.  aiul  anterior  siibucular  touching 
third  and  foiii  th  supralabials. 


Fig.  2:113.  C.   mitchetlii   pyrrhus  (front 

view),  showing  separ.ttion  of  rostral  from 
preiias;ils.  and  rostral  wider  than  high. 
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1  Off.  Postnasal  in  broad  contact  with  tlie  first  supralahial  (fig.  2:112):  anterior  siibocular  in 
contact  u'iili  the  tliird  and  foiirtli  siipralabials:  mid-body  scale  rows  plus  supralabials  on 
both  sides  of  tlic  head  total  II  or  fe\%er;  a  dorsal  pattern  usually  comprised  of  two  rows 
of  small  l)iown  s|Xits  on  np|>ositc  sides  nf  the  middorsal  line  (fig.  2:111),  but  some  nr 
many  of  which  sptMs  mav  be  joined  together  middorsally .  Tro/^/f/s /^riV*'/ y*;/Vf'/  (lig-2:47) 
lU/'.  Postnasal  usiialU  separated  from  the  first  siipralabial.  or.  if  in  contact,  only  tf>  a  small 
extent;  anterior  subocular  not  in  ctmlact  with  the  third  and  f<»urth  supralabials;  mid-lH)dy 
scale  rows  pltis  supralabials  on  both  sides  «>f  the  head  total  12  or  more;  dorsal  paUcrn 
nol  comprised  of  two  rows  of  small  brown  spots  on  opposite  sides  of  the  middorsal  line 

 II 

Jiff.  Preiiasiils  usually  separated  from  the  rostral  by  small  stales  or  granules"  (lig.  2:11.^)  ,  or.  at 
least,  the  fiont  edges  of  the  prenasals  chipped  and  sutured 

V.roUtlus  milchellii  f^yrrlitis  (fig.  2:41) 
II /'.  Prenasals  contacting  the  rostral,  and  their  front  edges  not  chipped  or  sutured  (fig.  2:107)  .12 
I2^r.  I'pper  pretKidar  usually  split  \eitically.  the  anterior  section  iK'iiig  higher  than  the  pos- 
terior and  curved  over  the  canihiis  rostralis  in  front  of  the  supraocular  (fig.  2:114)  ;  usu- 
ally a  pattern  of  widely  separated  brown  blotches  or  crossbars  on  a  tan.  light-brown. 

gray,  green,  or  blue-grcTn  background  (fig.  2:fl.'i)  C.rottthis  lepidu^ 

(For  subspecies  conlitnte  on  to  H) 
12/>.  Upper  prcocular  not  split  vcrlically;  or  if  .split,  the  anterior  section  not  conspicuously 
higher  than  the  posterior  and  not  curved  over  the  canthus  rostralis  in  front  of  the  supra- 
ocular; the  anterior  pattern  not  of  widely  separated  cross  bars  or  rings;  or.  if  there  are 

bars,  the  tail  is  all  black  14 

I.Srt.  .\  dark  stri|K>  passing  backward  from  the  eye  to  the  angle  of  the  mouth  (lig.  2:114)  ;  a  pair 
of  separatetl  occipital  blotches;  the  dor.s;il  pattern  of  blotches  or  crossbars  often  not  strongly 
«liffeientiatetl  from  the  ground  color  and  with  intermediate  blotches  almost  as  conspicuous 

as  the  major  series  Crotulus  lefmlus  lef)i(his  (lig.  2:3.'>) 

l.'l/'.  Postocular  dark  stri|K'  obs<ilescent  or  absent  in  adidls;  occipital  blotches  conllueni;  the  dor- 
sal pattern  of  dark  blotches  or  crossbars  sharply  contrasting  with  the  lighter  groiuid  color; 
intermediate  blotches  usually  reduced  to  scattered  black  scale  tips  (fig.  2:11.')) 

Ciutiilus  tvfndns  klauht  ri  (hg.  2:36) 
l  lfl.  .'\  vertical  light  line  on  the  posterior  edges  of  the  prenasals  and  first  supralabials  (fig. 

2: 100)  Crotaliis  ndamnntens  (fig.  2: 1 1) 

14b.  .\o  vertical  light  line  on  the  posterior  edges  of  the  prenasals  and  first  supralabials.  .  .  .  l.*) 

*•  About  17  per  cent  of  the  specimens  of  C.  x'hulis  rerberiis  have  this  rostral-prenasal  separa- 
tion, which  is  here  used  to  identify  C.  milchellii  pynlms.  If  the  specimen  is  frtmi  Arizona  and 
has  a  black,  dark-brown,  or  dark-gray  ground  color,  rather  than  cream,  tan,  pink,  light-gray, 
or  light-brown,  then  it  is  C.  v.  cerherus  and  not  C.  in.  pyrrhiis.  even  if  the  prenasals  arc  separated, 
or  almost  separated,  from  the  rostral  by  the  interposition  of  a  row  of  small  scales. 
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15fl.  More  than  two  intcrnasals— that  is.  scah>s  l)ftwcin  the  nasals  and  in  contact  with  tlie  rostral, 

regardless  of  their  si/e  or  position"  (lig.  2:M(i)  Crotultts  i'iri<lis 

(For  Mihsf>ecies  continue  on  to  16) 

Vih.Tvio  inteniasals   (fig.  2:117)  23 

Iftrr  Light  |>f>stocular  stripe  I  or  IJi  scales  wide  and  clearly  outlined  (lig.  2:118);  lx)dy 
hlotches  commoidy  stiiirectangiilar,  with  e\en  edges  and  usually  with  a  narrow,  light 

border   (lig.  2:120)  17 

16ft.  Light  postocidar  stripe  2  or  more  scales  wide  (fig.  2:119)  .  often  indefinite  or  absent,  es- 
jxrcially  in  adults:  body  blotches,  if  in  exidence,  commonly  diamonds  or  ellipses,  or  if 
rectangles,  with  edges  rough  or  seriated,  and  often  without  narrow  light  borders  18 

"  Some  specimens  of  C.rntulu^  x'iridis  have  only  two  inteniasals  and  thus  would  fail  to  key  out 
properly  by  the  use  of  this  character.  C.  v.  oreganu^  is  the  w^orst  defaulter,  for  of  this  sub- 
species about  I  I  per  cent  have  only  two  intemasals.  Ti»  avoid  taking  the  wrong  course,  one  may 
reinforce  the  decision  by  proceeding  to  16  regardless  of  the  number  of  internasals.  if  the  snake 
is  from  central  or  northern  C'alifornia  west  of  the  Sierra  Nevada,  from  Oregon,  Washington, 
Idaho,  northern  Nevada,  I'tah  (except  the  e.Mrenie  southwestern  comer),  Colorado,  Wyoming, 
.Montana,  the  Dakotas,  western  Nebraska,  or  western  Kansas. 


Fig.  2:116.  Crown  of  Crotalus,  showing 
four  internasals. 


Fig.  2:117.  Crown  of  Cro/n/iM,  showing 
two  intcrnasals. 


of  C.v.viridis.  Fig.  2:119.  Lateral  head  pattern  of  C.  v.  helleri. 
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17fl.  Color  usually  green  or  oli\e-grecn,  less  often  olive-brown  or  brown;  scale  rows  27  or  25; 
dorsal  scale  rows  at  the  center  of  the  tail  13  or  more;  adult  si/e  exceeding  8r)0  mm. 

Crululu.1  viridh  I'iruiis  (iig.  2:62) 
I7ft.  Color  pink.  red.  or  red-brown;  scale  rows  25  or  23;  dorsal  scales  at  the  center  of  the  tail  12 

or  fewer;  adult  si/e  rarely  exteeiling  B.'iO  mm  Crotnlm  viridiy.  uunlius"'  (fig.  2:6fl) 

lS/>.  C;olor  straw,  (ream,  or  yellow;  blotches  often  onlv  faintly  in  e\  idence  or  obsolete  in 
adults;  adult  si/e  .smaller,  usually  under  (i5()  mm.. .  .Crotnlus  viridis  innrnlor  (hg.  2:6(i) 

18&.  Color  darker,  not  straw,  cream,  or  yellow;  adult  si/e  larger,  over  6,50  mm  19 

I9«.  Adult  color  \ermilion  or  salmon:  iMidv  blotches  tending  toward  obsolescence  in  adults 

Cidltihis  t'/hV/m  ahysMts'^  (hg.  2:63) 
l!>/>  Adult  color  other  than  vermilion  or  salmon;  body  blotches  in  evitlence  or  Ixnly  black.... 20 

'^The  great  variability  in  the  colors  of  the  subspecies  of  C.  I'iridis  renders  it  desirable  to 
reinforce  these  identilications  by  recourse  to  localities.  j'.  tiuntiua  is  found  only  in  the  Little 
C!olorado-Painted  Desert  area  of  .-Xri/ona;  ('..  x'.  conrolor  only  in  the  Colorado  and  Cireen  rivers 
drainage  area  of  eastern  Utah,  southwestern  Wyoming,  and  western  Colorado;  and  C.  v.  abyssu.s 
only  in  the  Grand  Canyon  and  along  its  borders  in  .-Vri/ona.  All  these  areas  comprise  parts  of 
the  drainage  basin  of  the  upper  Colorado  River;  if  the  snake  to  be  checked  is  from  outside 
this  drainage  basin,  it  may  be  identified  as  C.  v.  viridis,  if  the  postocular  light  stripe  is  narrow 
(fig.  2:118)  ,  or  proceed  forward  to  20  if  it  is  wide  (Iig.  2:119)  ,  poorly  outlined,  or  absent.  This 
footnote  is  applicable  only  if  course  16  (rather  than  2'!)  was  taken  at  15. 


Fig.  2:120.  Dors;il  pattern  of  C.  v.  viridis.  Fig.  2:121.  Snout  of  Crolalus,  showing  up- 

per loreal  present,  and  no  contact  Ixrtwecn 
prenasal  and  first  supralabial. 


I 


Fig.  2:122.  .Snout  of  Crotnlus,  showing  con- 
tact between  postnasal  and  upper  prcoadar, 
and  between  prenasal  and  first  supralabial. 


Fig.  2:123.  Snout  of  Crolalus,  showing  con- 
tact between  postnasal  and  upper  preocidar, 
prevented  by  junction  of  canthal  with  lorcal. 
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UOrt.  (iiound  color  lighicr.  iistialh  l)iin  or  drah:  ImmIv  hlotclu-s  (Hcii|n  k-ss  or  liiilc  niort* 
long;itiidinal  spad*  llian  tin*  iiiu-rspaccs;  sccondarx  scries  of  latiial  lilotcla-s  little  in 
cxidrncc:  a  pattnti  of  dark-hrown  dorsal  i»lotclirs  (<ift«.'n  with  HrIu  criUns)  on  a  bull 

or  dral)  f^roiind  color  ('.iolnlii\  j'/»  jV/;v  ItitosuK  (lig.  2:68) 

20ft.  Ground  color  darker,  usually  dark-gray,  olive,  brown,  or  black;  dark-brown  or  black 
dorsal  blotches  (usually  diamonds  or  hexagons)  occupying  considerably  more  longitudinal 
space  than  the  interspaces;  a  secondary  series  of  lateral  blotches  conspicuously  in  evidence. 
Some  mountain  specimens  nearly  uniform  black,  only  patches  of  yellow  scales  represent- 
ing the  interspaces  on  the  middors;jl  line  21 

2lrt.  Loreals  usually  two;  usually  one  or  more  scales  at  the  rostral  between  the  prenasal  and  the 

first  supralabial  (fig.  2:121)  Crotalns  viridis  cerherus  (fig.  2:65) 

21/'.  l^>reals  usually  single;  usually  no  scales  between  the  prenasal  and  the  first  supralabial  at  the 

rostral  (fig.  2:122)  22 

22rt.  I.a8t  dark  tail  ring  alwiit  twice  as  wide  as  the  others  and  ill  defined  (yellow  in  juve- 
niles)  Crotalus  viridis  helleri  (lig.  2:67) 

22b.  Dark  tail  rings  of  uniform  width  and  all  clearly  defined 

Crotalus  viridis  oreganus  (figs.  2:70  and  2:71) 
23/(. -Supraoculars  pitted.  siUiired.  or  with  outer  edges  broken  (lig.  2:124) 

C.rotnlus  mitrhellii  stt'ljiiettsi  (fig.  2:42) 

23/».  .Supraoculars  unliroken   24 

24rt.  Tail  rings  absent  or  only  obscurely  distinguishable  from  the  ground  color  owing  to  lack 

of  contrast;  tail  often  \ery  dark-brown,  dark-gray,  or  entirely  black  25 

24//.  Light  ami  dark  alternating  tail  rings  clearly  evident,  usually  black  or  brown  on  a  light- 
grav  or  tan  ground  color  (lig.  2:126)  27 


Fig.  2:124.  C.  w.  5/("/)/jfH.«',  showing 
sutured  supraoculars. 


Fig.  2:12.'>.  Head  of  some  species  of  Crotalus 
exemplifying  full-si/ed  internasals  and  pre- 
frontals, and  enlarged  scales  in  anterior  part 
of  frontal  area. 


Fig,  2:I2*t.  Tail  ])altrrn  of  nirnx  group. 
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?5rt.  V'entrals  rarely  fewer  than  180;  .siipra1al)ials  rarcl>  1.')  or  fewer;  usually  8  or  fewer  large  flat 
scales  in  ihe  internasal  prefrontal  area;  usually  a  straight  di\iding  line  or  suture  between  the 
scales  in  the  intcrnasal  and  prefrontal  areas;  scales  in  the  anterior  part  of  the  frontal  area 
larger  than  those  behind  (dg.  2:125);  body  pattern  comprising  diamonds,  which  posteriorly 

are  o|H'n  laterally  (fig.  2:127)  Crotalm  tnolossus  inoloisus  (lig.  2:43) 

25/>.  \'entrals  rarelv  more  tiian  I7i»;  supralabials  rarely  more  than  15;  usually  more  than  8  scales  in 
the  internasiil-prefrontal  region;  no  deiinite  division  or  straight  suture  Iwtwecn  the  stales  of 
the  frontal  anil  prefrontal  areas;  scales  in  the  aruerior  part  of  the  frontal  area  n<Jt  conspicu- 
ously larger  than  those  behind  (lig.  2:12^))  ;  body  pattern  comprising  irregular  crossbands  or 
chevrons  (iig.  2:1U1)  .  in  some  specimens  obscured  by  a  black  siilTusion . . . .  rro/ff/t<5  liorridm 

(For  subsliecies  continue  on  to  26) 
26ff.  Dorsal  scale  rows  usually  23;  postocular  dark  stripe  indistinct;  body  bands  often  dull, 
not  sharply  contrasting  with  the  groiuul  color,  sometimes  obscured  by  black 

Crotaltis  liorriihts  horridiis  (lig.  2:30) 
26h.  Dorsal  scale  rows  usually  25;  postocular  dark  stripe  distinct;  ImkU  bands  sharply  con- 
trasting with  the  ground  color;  often  outlined  with  light  scales 

Crotaliis  liorti(lti<,  airicaudntus  (fig.  2:31) 
27a.  .\  definite  divisicm  between  the  scales  of  the  prefrontal  and  frontal  areas;  minimum  scales 
l)ciween  the  supratKulars  rarely  more  than  2;  each  supratKular  lK>rdered  inwardly  and  pos- 
teriorly by  a  large  Hal  cresccntic  scale  (fig.  2:130)  ..Crotaltis  icutuhitus  scutt<latus  (fig.  2:53) 
27b.  No  deiinite  division  betwc-en  the  scales  of  the  prefrontal  and  frontal  areas;  minimum  scales 
between  the  supraoculars  rarely  less  than  4;  no  large,  fiat  crescentic  scales  behind  the  supra- 
oculars (fig.  2:97)   28 

28».  Tail  usually  of  alternating  brown  and  tan  rings  not  in  sharp  contrast  with  Ihe  posterior 

body  color  Crotalus  tigris   (fig.  2:56) 

28/;.  Tail  of  alternating  black  and  light  ash-gray  rings,  both  colors  in  sharp  contrast  with  the 

posterior  bwly  color  (fig.  2:126)  29 

2flfl.  Bfxly  color  predominantly  cream,  buH,  gray,  or  gray-brown*",  with  tlark  dots  conspicuous  in 
the  body  blotches;  siale  rows  most  often  25;  minimimi  scales  between  supraoculars  usually  5 
or  less;  first  infralabials  rarely  divided  transversely  (lig.  2:131)  ^' ..  .Crotalus  atrox  (fig.  2:12) 
29/j.  Body  color  predominantly  pink,  rod,  l>ric:k-rccl.  or  rcil-brown,  withniii  conspicuous  dark  dots 
in  the  body  blotches;  scale  nnvs  most  often  2^);  minimum  scales  between  supraoculars  usually 
6  or  more:  first  infralabials  usiiallv  divided  transversely  (lig.  2:132) 

Crotalus  ruber  ruber  (figs.  2:50  and  2:51) 

**  May  be  pink  or  red  in  New  Mexico,  but  ruber  does  not  occur  in  that  state,  or  anywhere 
else  in  the  United  States  except  in  southern  California. 

Many  California  specimens  of  atrox  have  divided  lirst  infralabials.  which  is  unfortunate  for 
the  her|H>tologist  since  this  is  the  only  state  in  which  a  key  is  necessary  to  separate  atrox  and 
ruber,  for  the  latter  is  foiuul  in  no  other  state. 


Fig.  2:127.  Lateral  pattern  of  C.  m.  molossus.  2:>2«.  lateral  pattern  of  some  species 

of  Crotalus  exemplifying  dark  interior  blotch 
border,  light  exterior  blotch  border  (with 
unicolomi  scales),  and  intermediate  lateral 
ground  color  in  the  interspaces. 


r 
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KEY  TO  THE  RATTLESNAKES  OF  MEXICO 

(Exrliisivc  of  Baja  California  and  the  Islands  of  the 
Gull  uf  California  and  of  the  Pacific  Coast) 

la.  Top  of  t)iL  lu  ad  with  large  plates  anteriorly  (usually  9  in  number)  including  a  single  fronul 
and  a  pair  of  lai:ge,  symmetrical  (but  sometimes  sutured)  parietals  in  conuut  ((1^.  •2:96) 

C'Cnu!)  St:>ti  ui  us  2 

16.  Top  of  the  head  with  scales  of  varying  sizes;  more  than  one  scale  in  the  frontal  area;  pari- 
etals. if  enlarged,  not  in  contact  or  s>-mmetricat  (fig.  2:97)  Genus  Crotalus  $ 

2rt.  ITppcr  prcotiilar  not  in  coniart  with  the  jxistnasal:  lostia!  ciir\cd  over  the  snout;  catithiis 
rostralis  rounded  (fig.  2:1.^3);  dorsal  i)ody  hUuiiies  longer  than  wide  (hg.  2:135)  or  color 

bladt  Shtrunu  ravus  (fig.  2:S2) 

26.  Upper  preocular  in  contact  with  the  postnasal;  rostral  not  curved  over  the  snout  (fig. 
2:96) :  canthus  rostralis  sharply  angled:  dorsal  bod\  blotdus  square  or  wider  tlian  long 

Siilrurus  catenattut  edwardsii^"  (hg.  2:77) 
So.  Outer  edges  of  the  supraoculars  extended  into  raked  and  flexible  hornlike  processes  distinctly 
pointed  at  the  tip  (i^  2:104  and  2:105)  Crotalus  cerastes 

(I'or  \tibsp('ries  cotitinue  on  to  4) 
3/>.  Outer  edges  of  the  supraoculars  not  extended  into  pointed  hornlike  processes  (figs.  2:106  and 

107)   5 

4a.  Mid'body  scale  roiro  usually  21;  ventrals  in  the  males  141  or  fewer;  in  the  females  145  or 

fewer  Crolalus  cerastes  reiTohomhiis   (fig.  2:1") 

46.  Mid-budy  scale  rows  usually  23;  ventrals  in  ilie  males  more  than  HI;  in  the  females  more 

than  145  Crolaltu  cerastes  laierorepetts  (hg.  2:1H) 

Sif.  Suhcaudals  in  males  more  than  40,  and  in  females  more  than  S5  S9 

56.Subcaii(lals  in  males  fewer  tfian  40.  anti  in  females  fewer  than  3r»  6 

fiff.  Tip  of  the  snout  and  the  anterior  canthus  rostralis  raised  into  a  sharp  ridge  (iig.  2:IU8) 

Crotalus  wHlardi 
(For  subspecies  continue  on  to  7) 

66.  Tip  of  the  snout  and  the  anterior  canthus  rostralis  not  raised  into  a  sharp  ridge  (fig. 

2:110)    0 

7a.  No  white  vertical  line  on  the  rostral  or  mental  Crolalui  willardi  iilus  (iig.  2:75) 

lb.  A  white  vertical  line  on  the  mitral  and  mental  (iig.  2:109)  8 

Sa.  Body  blotches  35  or  more  Crolalus  wiltardi  amabitis  (fig.  2:7S) 

H/^  Rod\  blotches  M  or  fewer  9 

^cale  rows  usually  25;  subcaudals  2D  or  fewer  in  the  males  and  26  or  fewer  in  the  females; 

body  blotches  26  or  fewer  Crotalus  witkrdi  wiUardi  (fig.  2:72) 

96.  Scale  rows  usually  more  tluin  25;  subcaudals  30  or  more  in  the  males  and  27  or  more  in 

tile  females:  body  bloirhes  more  than  2()  (  inuilin  n'illardi  meridiotialis  (fig.  2:74) 

lUn.  I'renusals  separated  from  the  rostral  by  small  scales  or  granules  (tig.  2:11.1) 

Crotalus  mitchellii  pyrrhus  (hg.  2:41) 

10b.  Prenasals  contaaing  the  rostral  (fig.  2:107)  11 

Il«.  Rodv  pattern  comprises  a  series  of  ^?,')  or  nKne  crossbands  composed  of  conspicuous  dark 
gray  or  brown  dots  on  a  buff,  pink,  or  light-gray  background:  dorsoventral  width  of  proxi- 
mal rattle  contained  in  the  head  length  less  than  2!i  Crotalui  iigris  (fig.  2:56) 

lib. Body  pattern  comprises  diamonds,  hexagons,  rectangles,  ovals,  or  ellipses,  or,  if  bands,  not 
made  tip  of  (onspicuoiis  dots:  dorsovcntral  width  of  proximal  rattle  contained  in  the  head 

length  more  than  2}j  times  12 

12a.  Anterior  suhocular  contacts  one  or  more  (usually  2)  supralabials  IS 


""No  uncpiestionably  aeiinale  records  of  this  snake  in  Mexico  are  known,  all  reports  thus  far 
being  subject  to  some  doubi.  However,  occurrence  south  of  the  United  .States  border  is  not 
improbable. 
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Fig.  2:120.  Dorsal  licatl  scales  of  some  spe- 
cies of  C.roinlus  exemplifying  a  breakup  of 
scales  in  the  inteniasal,  prefrontal,  and 
frontal  areas. 


Fig.  2:131.  Chin  shields  of  Cro/a/Hs; 
firsl  infnilahials  undivided. 


Fig.  2:133.  .V.  rrtiu/.v,  showing  rostral 
curved  over  snout. 


Fig.  2:130.  Dorsal  head  scales  of  C.  scutu- 
lotus,  showing  paired  anterior  intersupraocu- 
lars.  and  enlarged  tresccntic  scales  bordering 
the  supraoculars  inwardly  behind. 


Fig.  2:1.32.  Chin  shields  of  Cro/fl/wj;  : 
first  infralabials  divided.' 


Fig.  2:131.  C.  polysl ictus,  showing  hack- 
wardly  curved  supraocular  light  line,  and 
paired  and  elongated  inlcri-jnthals. 


Cc 
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l2/>.  Anterior  sul)ocular  fails  Co  readi  any  siipralalnal  24 

13fl.  Eatli  supraotular  transversely  trussed  by  a  thin,  blatk-ijanlered  tiglit  line  thai  usually  bends 
backward  outwardly  (fig.  2:134)  :  a  clearly  outlined  round  or  oval  dark  blotch  immediately 
below  and  loiKliiiif^  tlie  eye;  «loisal  pattern  usually  comprised  of  longitudinal  ellipses  (lig. 
2:1.%):  usually  a  pair  of  slim  intercanlhals,  <-acb  about  twite  as  long  as  witle  (lig.  2:134) 

(.  rolu  his  po  lys  I  id  us 

13/*.  No  liiin.  blatk-bordered  transverse  lines  on  llie  supraoculars:  no  dearly  outlined  roiittd  or 

oval  blotch  immediately  below  the  eye;  intercanlhals,  if  paired,  not  long  and  slim  14 

14rt.  Mid-bodv  scale  rows  plus  the  supralabials  »»n  both  sides  of  the  head  total  41  or  fewer.  ir> 
l  \h.  Mid  bmlv  stale  rows  plus  the  supralabials  on  both  sides  of  the  head  total  42  or  more. 20 

15a.  Ixueal  in  contact  with  one  or  more  sui>ralabials  (lig.  2:138)  Cruttilm  iittermedius 

(For  Mihsfjfcifs  rutiliiiiie  nit  lo  16) 

l.^i/>.  Ix>real  not  in  contatt  with  any  supralai»ial  IS 

Kin.  V'entrals  I(i3  oi  fewer  in  the  males,  and  l()!(  or  fewer  in  the  females  17 

IG/>.  N'entrals  HH  <m  more  in  the  males,  and  170  or  m«ne  in  the  females 

Crttlfihts  iuterniediiis  ouiiUemanus  (lig.  2:34) 

I7r/.  Broad  contact  between  the  hrst  supralabial  and  the  postnasal,  which  usually  touches  no 
other  supralabial  C.rotolus  hiteniirdius  ^ioydi  (fig.  2:.3.3) 

17/'.  Postnas;il  touches  both  the  iirst  and  second  supralabials.  the  first  ti.sually  broadly,  the  secon<l 

narrowly  Cmltilus  iulfnuedius  itilerniediu.s  (lig.  2:.S2) 

IHh.  Lower  preocular  passes  into  the  pit  and  fails  to  make  a  full  contact  with  the  lorcal  (lig. 
2:138);  a  tlorsa!  pattern  of  inuisvt-rse  bars,  inidix ided  niiddor.sally .  . rrr>/r;/((v  IrntiM'rr.siis 


Fig.  2:1.35.  Dorsal  pattern  of  .S.  rainis. 


Fig.  2:136.  Dorsal  pattern  of  C.  poly\ticlHS 


Fig.  2:137.  Dorsal  pattern  of  C.  /.  aquilux, 
showing  undividetl  blotches. 


Fig.  2:138.  C.  internieditts,  exemplifying 
contact  of  loreal  with  a  supralabial,  lorcal 
with  prenasal,  ami  lack  of  contact  between 
lorael  and  lower  preocular. 
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iHb.  Lower  preociilar  pas<ics  :iIk)M'  tin-  pit  ami  nutkcs  a  utiiiaLi  wiili  ihc  lurcal;  tlic  dorsal 
pattern  oftc-ti  coinprisi-d  largely  or  to  some  exieni  of  two  rows  of  small  blotches  on  op- 
posite sides  of  the  tniddors;il  line  (lig.  2:111)"'  C.rolalus  prirei 

(Far  siihsfjerie\  rotilimie  on  to  19) 

lOrt.  X'entrals  147  or  more  Crntalus  Inicri  fnird  (lig.  2:17) 

X'entrals  I  Ki  or  fewer  Crotalwt  prirei  iniquihuatius  (lig.  2:18) 

20«.  Prefrontals  ((anthals)  paire<l  and  in  unilact.  and  with  even  but  convex  posterior  edges 

Crolfiliis  puiillus  (lig.  2:49) 

20/^  More  than  2  scales  in  the  prefrontal  area  21 

2\ti.  L'p|K'r  preociilar  usually  split  \crti(ally,  llu-  anterior  section  being  liigiier  than  the  posterior 
and  curved  over  the  cantluis  rostralis  in  frcHii  of  the  supra(»cular  (tig.  2:114);  dorsal  bcxly 
blotches  occupy  less  longiindiiKil  space  than  ihe  interspaces   (fig.  2:lir>);  primary  dorsal 

l)odv  jjlotchcs  or  crossbands  seldom  exceed  24  except  in  Tamaidipas  Crotalus  lepidiis'" 

(For  subspecies  ronliniie  on  to  22) 

21/^.  Upper  prccKiilar  not  split  \eriicall)  (lig.  2:139);  or.  if  split,  the  anterior  section  not  con- 
spicuously higher  than  the  posterior  and  not  curved  o\er  the  canthtis  rostralis  in  front  of 
the  supraocular:  dorsid  body  blotches  occupy  more  longitudinal  space  than  the  interspaces; 

primary  dorsal  bcxly  blotches  usually  exceed  24  Crolalus  triseriatm 

{For  subspecies  continue  on  to  28) 

22rt.  Primary  dors;il  body  blotches  or  crossbands  2.')  or  more  Crolalus  lepidus  inoruliis 

22/'.  Primary  dorsal  body  blotches  «»r  crossbands  fewer  than  2.')  23 

2.3fl.  A  dark  stripe  passing  backward  from  the  eye  to  the  angle  (»f  the  mouth  (lig.  2:114)  ;  a  pair 
of  .separated  cKcipital  blotches;  the  dorsal  pattern  of  blotches  or  crossbars  often  not  strongly 
dilferentiated  from  the  ground  color  and  the  intermediate  blotches  almost  as  prominent  as 
the  major  series  Crololits  Icpiihis  lepidus  (lig.  2:35) 

23/>.  Postocular  dark  stii|x;  obsolescent  or  alKeni  (except  in  juveniles)  ;  occipital  blotches  con- 
fluent; the  dorsal  pattern  of  dark  blotches  or  crossbars  strongly  differentiated  from  the 
ground  color  (lig.  2:M.'>)  Crolalus  lepidus  klauberi'-*  (lig.  2:36) 

'••Sec  footnote  24  tnider  C.  p.  iiiiquihunuus. 

'"It  has  been  necessary  to  doublc-kcy  lepidus,  as  the  anterior  subotular  sometimes  contacts  one 
or  more  labials  and  Komcliiiics  docs  noi^  The  iiainc  is  true  of  triscriattts,  although  this  contact 
fails  in  the  latter  form  much  less  often  than  in  lepidus.  I  have  not  double-keyed  pusiltus, 
although  in  a  specimen  from  Nayaril  the  anterior  subocular  fails  to  reach  the  supralabials. 
.See  footnote  If). 


Fig.  2:139.  lateral  head  scales  of 
C.  /.  Iriserialus. 


Fig.  2:140.  Lateral  head  scales  of  C.  b.  basilis- 
CMS,  exemplifying  presence  of  a  postroslral. 


Fig.  2:14L  C.  nirax,  showing  lateial  head  Fig.  2:142.  C.  s.  scululntus,  showing  lateral 

marks,  with  postocular  light  stripe  intersect-  head  marks,  with  postocular  light  stripe  pass- 

ing the  supralabials.  ing  above  angle  of  the  mouth. 
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24fl.  Moi<>  than  iwo  inttinasals-tli;ii  is.  stales  liciwccn  the  na&iils  and  in  contact  with  the 

rostral,  regardless  ol  si/c  oi  position  (fig.  2:116)  Crolaltis  viridis 

(For  subspecies  contintte  on  to  25) 

246.  Two  init  rnasals  (lig.  2:117)  26 

25if.PHttrm  of  brown  blotclics  on  a  tan  or  l>uH  liackKroiind:  lightly  mottled  witli  brown  Ulow 

Crolaltu  viridis  viridis  (hg.  2:62) 
25b.  Pattern  of  daric^brown  or  black  blotches  on  si  dark-Rray,  dark-brown,  or  almost  black  back- 
ground; heavily  mottled  with  dark-brown  or  black  hflow.Crotalustnridis  cerhertiy"  (fig.  2:66) 
26^7.  rpjKi  i)ic<)<iilai  ustKilh  split  vertiiallv:  (lie  anterior  section  being  hiRlur  than  the  i>os- 
tcrior  and  curved  over  liie  canthus  rostralis  in  front  of  the  supraocular  (hg.  2:114)  ,  dor- 
sal body  blotches  occupy  less  longitudinal  space  than  the  interspaces;  pattern  usually  of 

blotches  or  crossbars  (fig.  2:115)  seldom  exceeding  24  in  number  Crotalus  lepidtt^ 

(For  sMbsperics  drop  buck  to  22) 
26/;.  Upper  preotular  not  split  vertically  (tig.  2:139);  or,  if  split,  the  anterior  section  not 
conspicuously  higher  than  the  posterior  and  not  curved  over  the  canthus  rostralis  in 
front  of  the  supraocular;  dorsal  body  blotches  occupy  more  longitiulinal  space  than  the* 
interspaces;  pattern  of  diamonds,  hexagons,  rectangles,  or  ellipses  usually  exceediog  24 

in  number   27 

27<i.  Ventral  scales  163  or  fewer  Crotahu  iriseriatus 

(For  subspedes  continue  on  to  28) 

27/'.  N'enti.il  scales  \M  or  more  29 

2H/<.  Rattle-fringe  scales  usually  8;  rattle  smaller;  in  snakes  exceeding  4U0  mm.  in  length,  the 
dorsoventral  width  of  the  proximal  rattle  lobe  is  less  than  one  per  cent  of  the  over-all 
body  length;  in  snakes  less  than  400  mm.  in  length,  the  width  of  the  proximal  rattle 
lobe  plus  1  mm.  is  less  than  0.0075  times  the  body  length 

Crolalus  iriseriatus  Iriseriatus  (fig.  2:58) 
2B/>.  Rattle-fringe  scales  usually  10;  rattle  larger;  in  snakes  exceeding  400  mm.  in  length,  the 
dorsoventral  width  of  the  proximal  rattle  lobe  exceeds  one  per  cent  of  the  over-atl  body 
length;  in  snak<>s  less  tlian  4(K)  mm.  in  length,  tlic  width  of  the  proximal  rattle  lobe 
plus  I  mm.  exceeds  0.0075  times  the  body  length.  Crolalus  triseriatus  aquilus  (fig.  2:59) 
29a.  Tail  rings  contrasting,  alternating  white  or  light-gray  with  brown  or  black  (fig.  2:126);  at 

least  8,  and  usiuiUy  more,  scales  occupying  the  internaaal-prefronul  area  (fig.  2:97)  90 

29fr.  Tail  black  or  dark-giav,  with  rings,  if  pres<-nt.  only  moderately  evident,  because  of  lack  of 
contrast  between  the  light  and  dark  areas;  usually  4  (hg.  2:12.0)  or  less  often  6  or  more 
large  flat  scales  or  plates  occupying  the  intemasal-prefrontal  area  (not  including  subcanthals 

or  supraloTcals)   32 

30a.  Light  and  dark  tail  rings  of  approximately  equal  widths;  the  postocular  light  stripe,  if 
present,  readies  the  supralabials  1  to  ."i  stales  in  advance  of  the  angle  of  the  mouth 
(fig.  2:141) ;  minimum  scales  between  the  supraoculars  rarely  less  than  4;  no  flat  crcscen- 

tic  scale  bordering  each  supraocular  posteriorly  (fig.  2:97)  Crotalus  atrox  (fig.  2:12) 

SO/'.  Dark  tail  rings  narrower  than  the  light;  the  postocular  light  stripe,  if  present,  passes 
backward  above  the  angle  of  the  mouth  (fig.  2:\  i2)  :  minimum  scales  between  the  supra- 
oculars usually  2,  rarely  more  than  3;  usually  a  fiat  cresttiuic  scale  bordering  eacii  supra- 
ocular on  the  posterior-inward  side  (fig.  2:190)  Crotalus  scutuiatus 

{For  subspecies  continue  on  to  31) 
31a. Dorsal  blotches  usually  bordered  by  a  row  oi  light,  unicolorcd  soles  (Hg.  2:128) ;  dark  post- 
ocular stripe  extended  as  far  as  the  angle  of  the  mouth  or  beyond  (lig.  2:142) ;  distal  dark 
ttil  rings  distinctly  darker  than  the  body  blotches,  usually  bladi;  upper  part  <rf  proximal 
lobe  of  the  rattle  matrix  black  (cxtepl  in  juveniles)  .  Crotalus  scultulattts  scutulatus  (fig.  2:53) 
5lb.  Dorsal  blotches  usually  not  bordered  by  a  row  of  light  unicolored  scales;  dark  postocular 
stripe  not  extending  as  far  as  the  angle  of  the  mouth:  distal  dark  tall  rings  not  in  sharp  con- 

'"ll  is  very  doul)tfid  that  this  subspecies  t>tturs  in  mainland  Mexico,  for  there  is  only  one 
liighly  questionable  record  to  dale.  If  it  is  found  in  Mexico,  it  will  be  in  the  mountains  of 
Scmora  near  the  Unitetl  Slates  Imrder. 

■".Sec  footnote  Sfl. 
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nasi  Willi  ilic  ljuti)  bluuiics,  not  black;  upper  pari  ut  ihc  proximal  lobe  of  tlic  lattlc  matrix 

only  slightly,  if  at  all,  darkened  Crotalus  scutuhtus  salvini 

S2a.No  paired  dark  vcrtcljral  .stripes  on  the  neck;  or  if  present,  not  extending  posteriorly  as 
miuh  lis  1  tie.id  lcnt;lli  hcfme  thev  meet  tin;  fnst  dorsal  hlotclics  38 

32/'.  On  the  netk  a  pair  of  quite  regular  daik  stit|>es  1  to  3  suilc  rows  wide,  separated  by  a 
single  light  tniddorsal  stripe  2  or  3  scale  rows  wide,  these  stripes  extending  from  I  to  4 
head  lengths  behind  the  head  iH-fore  they  meet  ilie  first  dorsal  blotches  (fig.  2:143)  .  37 
SSfl.  A  blatk  oi  (l.iik  l)i(>wii  bar,  bordeied  before  iiml  Ueliind  with  cream  or  biilf.  crossing  the 

livad  bclweeii  the  anterior  points  of  the  supraoculars. Cru<n/i<.f  ((iirhnti  lolonaciu  (iig.  2:23) 
SSb.  No  transverse  bar  in  the  prefrontal  area  as  above  described   34 

34ff.Tail  luually  black  or  very  dark-brown  with  light  crossbars  seldom  in  evidence  posteri- 
orly: rattle  matrix  ustially  bladt  Crotalus  mold^sus 

(For  subspecies  continue  on  to  }}) 

346.  Tail  usually  gray,  witli  light  gray  aossbars  in  evidence  posteriorly;  rattle  matrix  usually 
gray  or  brown  Crotalus  basitiscus 

(For  \iih\tici  if  \  ••liif)  to  36) 

Siia.  Scale  rows  at  mid-body  usually  27  or  more;  color  of  the  intcrnasal-prcfrontal  area  darker 
than  the  posterioT  part  of  the  head,  whidi.  tiowiever.  is  longitttdinaliy  streaked  with  lines  of 
dark  scales;  light  areas  above  the  postocular  dark  stripes  more  than  2  scales  wide:  lateral 

inierspates  nearer  in  color  to  the  light  rows  of  scales  that  bound  the  blotches,  than  to  the 

dark  colors  of  tfic  blotcli  interiors  Crotalus  inolossus  inolossus   (jig.  2:43) 

356.  Scale  rows  at  mid-body  usually  25  or  fewer;  color  of  the  intcrnasal-prcfrontal  area  not  con- 
spicuously darker  than  the  posterior  part  of  the  head,  which,  however,  is  longitudinally 

slreiiked  with  lines  of  light  scales:  light  streaks  I  or  2  scales  wide  above  the  postocular  dark 
stripes;  lateral  interspaces  nearer  in  color  to  the  tiark  areas  <»f  the  dorsal  Lxttches  than  to  the 

light  rows  of  scales  that  l>oider  these  blotches  Ciutalm  inolossus  nigrescens  (fig.  2:43) 

36a.  Ventrals  177  or  more  in  males;  194  or  more  in  females:  light  and  dark  tail  rings  in  mod- 
erate contrast  ('rn!,ili(\  hasilisrus  !/asilisru\  (fig.  2:13) 

36b.  Ventrals  176  or  fewer  in  males:  183  or  fewer  in  females;  light  and  dark  tail  rings  strongly 

contrasting  Crotalus  basitiscus  oaxacui  (Iig.  2:H) 

87<i.  The  dark  lines  on  the  tieek  comprised  more  of  single  than  of  double  or  triple  rows  of  dark 
scales:  usually  more  than  4  scales  in  the  intcrnasal-prcfront.d  :iiea 

Crotalus  dniisstts  culniinatus  (fig.  2:2U) 
376.  The  dark  lines  on  the  neck  comprised  more  of  double  (fig.  2:143)  or  triple  rows  of  dark 
scales  than  of  single:  usually  only  4  scales  in  the  internasal-prefrontal  area,  comprising 

;i  pair  of  inteinasals  and  a  pair  of  prefronlals  or  cantlials  Mig.  L':lL'")i   38 

3lW(.  X'entrais  usually  179  or  fewer  in  the  males  and  185  or  fewer  in  the  females;  hrst  infra- 
labials  usually  undivided  (Iig.  2:131)  ..Crotalus  durisstu  durissus  (fig.  2:19) 

S8/>.  \  cntrals  usually  180  or  more  in  the  males  and  186  or  more  in  the  females;  first  inira- 
l.ihials  nsiiiillv  divided  transversely  (Iig.  2:132)  .  .  .  .Crolnlus  durissus  Izabmit   (Iig.  2:24> 

39a.  .Minimum  intersupiaoculars  1  en  fewer  Crotalus  lannouii 

396.  Minimum  intersupraotrulars  h  or  more  Crotalus  stefnegeri  (fig.  2:55) 


Fig.  2:143.  Dorsal  neck  pattern  of 
C.  d.  durissus 


Fig.  2:144.  Dorsal  neck  pattern  of 
C.  d.  terrificus 
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KEY  TO  THE  RATTLESNAKES  OF 
BAJA  (LOWER)  CALIFORNIA,  MEXICO 

(Including  the  Islands  of  the  PaciHc  Coa>^t  of  the  Peninsula, 
and  of  tlie  Gulf  of  California) 

U.  Rattle  matrix  shrunken:  no  loose  rattle  segment  Crotalus  catalinensis  {dg,  2:15) 

lb.  Raiilc  inatiix  novmal:  almost  always  at  least  onc  or  more  loose  rattle  segments  sutisequent  to 

the  jtucnilc   (Initton)   stage  2 

2(1.  Outer  edges  of  the  supraoculars  extended  into  pointed  (but  flexible)  hornlike  procenes 

(figs.  2:104  and  2:105)  Crotabis  cerastes  Utterorepen^^  {Rg.  2:1S) 

2/^  Outer  edg(>s  of  the  supraoculars  not  extended  into  pointed  hornlike  processes  (figs.  2:106 

and  l!:I07:i   3 

'i<i.  IMeiiasals  usually  separated  from  the  rostral  b\  small  scales  or  gtaiuilcs.  or  ut  least  the  front 
edges  of  the  prenasals  chipped  and  sutured  (fig.  2:113) ;  upper  preoculars  often  divided  hori- 

jiontally.  vrrtically,  nr  lioih  (fig.  2:148)  Crotalm  initchvUii 

{For  siih\l)frie\  cnnlinut  on  to  4) 
3/'.  Prenasals  usually  in  eouiaci  wiili  the  ruslral  and  wiiliuui  chip|X-d  or  sutured  front  edges  (hg. 

2:107) ;  upper  preoculars  rarely  divided   7 

4a.  Last  Supralabial  about  twice  as  long  as  those  l)cfore  it  (fig.  2:148)  ;  head  smaller,  the  length 
of  the  lu-ad  (otiiaiiied  in  tin  .ulidt  hodv  h-n^tli  /oxci  all)  more  than  24  times;  original 
rattlc-hution,  if  present,  mure  than  7i/^  mm.  wide  dorsoxentrally 

Crotalus  mUehellii  mitehelUi  (lig.  2:38) 

4b.  l  ast  Mi|>i.i!al>ial  not  conspitiioiish  longer  than  those  befort-  it:  head  larger,  the  length  of 
the  head  contained  in  the  adidt  hodv  length  kim  v  .dli  h^s  than  24  times;  original  rattle- 
button,  if  present,  less  than  7}i  mm.  wide  doisuvcniiall)   5 

5a.  Size  smaller,  adults  seldom  exceed  650  mm.;  scale  rows  usually  23 

Crotalus  luitcheiUi  muertettsis  (fig.  2:40) 

56.  Si/e  larger,  adults  exti-cd  ()')0  nun.:  stale  rows  usnalh  uund>er  2.'>    6 

(ia.  Supraoculars  without  sutures  or  indentations  at  the  outer  edges;  more  than  onc  scale  be- 
tween the  prenasal  and  rostral  Crotalus  mitchellii  pyrrhus  (fig.  2:41) 

66. Supraoculars  sutured,  indented,  or  frayed  at  the  outer  edges;  scale  between  the  prenasal 
and  rostral  on  each  side  as  high  :is  the  pienasal  .Cmtiihi^  >iii!(  hcllii  (/rit;(7(  nv/s   (hg.  2:."^^) 
7a,  Usually  3  or  more  interna.saU  (scales  between  the  nas;tls  and  in  contact  with  the  rostral  regard- 
less of  size  or  position,  fig.  2:116)    8 

rile  "ideu  Miders  of  Tibiiron  Island  are  pioliahh  (..  i .  ( i  i hiIkjihI/u^  rather  than  c.  Intnore- 
pens,  ami  I  have  so  indicated  in  table  li:,'>.  However,  onlv  a  single  spccitnen  has  been  available 
from  the  island;  until  more  is  known  concerning  the  sidewinders  that  occur  there,  I  deem  it 
inadvisable  to  include  certobombus  in  this  key.  If  a  distinction  between  cercobotnbus  and 
laterorepens  is  required,  see  items  4a  and  46  of  thie  Mexican  mainland  key  that  precedes  this  one. 


Fig.  2:145.  Chin  shields  of  Cro/a/ui;  Fig.  2:146.  Chin  shields  of  Cro(a/u«; 

inteigenials  present.  submental  present. 
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7b.  Two  internasals  (fig.  2:117)   9 

8a.  Adults  smaller,  rarely  cxcecrling  650  mm  Crolaliis  viridis  calightis  (fig.  2:64) 

86.  Aduhs  larger,  exceeding  650  mm  Crotalm  viridis  helleri  (fig.  2:67) 

9fl.  Tail  with  alternating  black  and  light  ash-gray  rings,  both  colors  Iwing  in  marked  contrast 

with  the  posterior  fjody  color  (fig.  2:126)  10 

yb.  Tail  not  having  alternating  black  and  light  ash-gray  rings  14 

10<i.  First  infralahials  usually  divided  (fig.  2:132)  :  basic  body  color  pink,  red,  or  red-brown; 

dark  punctations  not  conspicuous  in  doi-sal  blotches  11 

10b.  First  infralahials  usually  undivided  (fig.  2:131)  ;  basic  body  color  cream,  tan,  buff,  or 

gray;  dorsal  blotches  conspicuously  punctated  with  dark  dots  13 

llfl.  A  pair  of  intergenials  usually  present  (hg.  2:14;'))  :  generally  no  contact  between  the  prcnasal 
and  the  first  supralabial  (fig.  2:121)  ;  dark  tail  rings  often  interrupted  laterally. 

Crotalm  exsul  (fig.  2:29) 

1  lb.  Intergenials  usually  absent  (fig.  2:132);  prenasal  usually  contacts  the  first  supralabial  (fig. 

2:123)  ;  dark  tail  rings  rarely  interrupted  laterally  Crotalus  ruber 

(For  subspecies  continue  on  to  12) 
12a.  Usually  a  single  lorcal  (fig.  2:123) ;  scale  rows  usually  28  or  more;  light  prcocular  stripe 
2  scales  wide  or  less  (at  the  second  row  of  stales  above  the  supralabials)  ;  body  color  red 

or  re<l-brown  Crotalus  ruber  ruber  (figs.  2:50  and  2:51) 

12b.  Usually  2  or  more  loreals  (fig.  2:121);  .scale  rows  usually  27  or  fewer;  light  preocular 
stripe  3  or  more  scales  wide  (at  the  second  row  of  stales  alxjve  the  supralabials)  ;  body 

color  yellow-brown  or  olive-brown  Crotalus  ruber  lucasensis  (fig.  2:52) 

13a.  Upper  preocular  usually  in  contact  with  the  postnasal  (fig.  2^122)  or  such  contact  prevented 

by  an  upper  loreal  (fig.  2:121)  Crotalus  atrox  (fig.  2:12) 

13b.  Upper  prcocular  usually  not  in  contact  with  the  postnasal  and  no  upper  loreal  present  (fig. 

2:123)  Crotalus  tortugensis  (fig.  2:.57) 

14a.  Scales  in  the  iniernasal  and  prefrontal  areas  total  less  than  12;  scales  on  the  crown  and 
in  the  frontal  area  flat  and  smooth,  although  the  edges  may  curl  upward  (fig.  2:125) 

Crotalus  molossus 
(For  subspecies  continue  on  to  15) 
14b.  Scales  in  the  intcrnasal  and  prefrontal  area  total  12  or  more;  scales  on  the  crown  and  in 

the  frontal  area  rough,  ridged,  and  knobliy  (hg.  2:147)  .Crotalus  enyo 

(For  subspecies  continue  on  to  16) 

15fl.  Body  blotches  usually  more  than  37  Crotalus  molossus  estebanensis  (fig.  2:44) 

15b.  Body  blotches  usually  fewer  than  38  Crotalus  molossus  molossus  (fig.  2:43) 

16a.  Subcaudal  scales  usually  more  than  26  in  males  and  more  than  22  in  females;  adult 
head  length  contained  in  body  length  26  times  or  more 

Crotalus  euyo  cerrahensis  (fig.  2:26) 
16b.  Subcaudal  scales  usually  25  or  fewer  in  males  and  22  or  fewer  in  females;  adult  head 
length  contained  in  body  length  fewer  than  26  times  17 


Fig.  2:147.  Dorsal  head  pattern  of  C.  e. 
enyo,  showing  light  marks  on  supraoculars 
curving  forward  inwardly,  and  prefrontal  and 
frontal  scales  rough  and  knobby. 


Fig.  2:148.  C.  m.  milchellii  (lateral  view), 
showing  split  upper  preocular,  fovcals  car- 
ried forward  to  the  rostral,  and  last  supra- 
labial twice  as  long  as  high. 


Classification  and  Identification  135 

17a. Ground  color  tan,  (awn.  or  gray:  upper  lorcal  luually  smaller  than  Inwi-r 

Crotalus  enyo  enyo  (tig.  2:25) 
1 7 A.  Ground  color  dark -brown:  upper  lorcal  usually  larger  than  lower 

Crotnliu  enyo  furvus  (fig.  2:27) 


KEY  TO  THE  RATTLESNAKES  OF  CENTRAL 
AND  SOUTH  AMERICA 

la.  Clearly  evident  pattern  comprising  paravertebral  stripes  on  the  neck,  followed  by  dorsal 

diamonds   2 

lb.  Pattern  not  strongly  evident  (except  in  juveniles) ,  not  acccntiutcd  by  contrasting  light  and 

dark  colors    4 

2ff.  Light  scale  rows  (one  scale  wide)  laterally  bounding  the  dark  paravertebral  stripes  (or 
dorsal  l)lot(:hes)  but  little  or  no  lighter  than  the  lateral  borders  next  below  (fig.  2:143) ; 

dorsal  (iiamonds  darker  and  in  stronj;  contrast  with  the  pround  color  of  the  sides   3 

2h.  Light  scale  rows  (one  scale  wide)  laterally  bounding  the  dark  paravertebral  stripes  (or 
dorsal  blotches)  in  strong  color  contrast  with  the  next  scales  below  on  the  aides  (fig. 
2:144) ;  dorsal  diamonds  not  in  strong  contrast  with  the  lateral  interdlamond  areas 

Crntnhi^  (^\tri<.<.ns.  terriftrwi   (Tips.  '2:'2\  and  2:22) 
3m.  Ventrals  usually  179  or  fewer  in  the  males  and  185  or  fewer  in  the  females;  lust  infralahiuls 

usually  undivided  (fig.  2:131)  Crotalus  dtmssus  durissus  (fig.  2:19) 

Sb.  Venirals  180  or  more  in  the  males  and  186  or  more  in  the  females;  first  infralabials  usually 

divided  trans\ersely  (Hp;.  2:132)  Crotalus  (Unhuts  tzabcau   (fig.  2:24) 

4a.  Pattern  lai^eiy  ubliieraied  by  scattered,  white-tipped  scales,  dursally  and  laterally 

Cro(a/itf  vegrandis  (fig.  2:61) 

46.  Pattern  comprising  paravertebral  stripes  on  the  neck  and  diamonds  posteriorly,  somewhat 

in  ( x  ii'cnte  in  ydlowish-brown  anteriorly  and  gray  posteriorly,  against  a  yellow  or  gray 
background  Crolalm  unicotor  (fig.  2:60) 

KEY  TO  THE  GENERA  OF  THE  CROTALIDAE 
BASED  ON  EXTERNAL  CHARACTERS 

(Devised  by  Bayard  H.  Brattstrom)'^' 

Ifl.  Rattles  present   2 

lb.  Rattles  absent   3 

2a.  Top  of  the  head  with  large  plates  anteriorly  (usually  9  in  number)  including  a  single 

frontal  and  a  pair  of  large  symmetrical  parietals  in  amtact  (fig.  2:96)  Sistrurus 

2/'.  lOp  of  the  head  witli  stales  of  varvint,'  si/es;  more  than  one  scale  in  the  frontal  area; 

parietals,  if  enlarged,  neither  in  contact  nor  symmetrical  (lig.  2:*l7)  Crotalus 

ia.  Top  of  head  with  large  plates  anteriorly  (usually  9  in  number)  including  a  single  frontal 

Agkist  radon 

3fc.  Top  of  head  with  numerous  small  scales  of  var)'ing  sizes,  including  several  or  many  scales  in 

tire  frontal  area  4 

4a.  Poiterior  subcaudala  in  four  tow»  Laeheni 

4b.  Posterior  subcaudals  in  one  or  two  rows   5 

5a.  A  nasal  pore  present  on  llie  posterior  wall  of  the  nostril;  snuxtth  scales  on  top  of  the  head 
anterior  to  the  parietal  region;  .\siatic  Trimeresurus 

56.  Nasal  pore  absent;  all  scales  on  top  of  the  head  usually  keeled  6 

6a.  Gular  scales  keeled:  basic  color  green;  Asiatic 

Trimeresurus  (species  waj^lcri  and  philif>pcnsis) 
66.  Gular  scales  not  keeled;  basic  color  variable  but  usually  brown  with  dark  blotches;  Mexi- 
can, and  Central  and  South  American  Bothrops 

For  details  of  RrutlRimm  s  wtirk       Bnitisimni.  IfNMa.  pp.  l^-SftK. 
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KEY  TO  THE  C;EXERA  OF  THE  CROEALIDAE 
BASED  OX   I  HE  ADTL  E  SKI  LL 
(Devised  by  Bayard  ii.  Brattsuom) 

la.  PteiNt^oid  teeth  not  extending  posterior  to  the  middle  of  the  articulation  of  the  ecU^ter)'goid 

with  the  pterygoid   2 

16.  Pterygoid  teeth  extending  posterior  to  the  middle  of  the  articulation  of  the  eciopterygoid 

with  the  pterygoid  •  4 

2a.  Process  at  ilic  border  of  the  pit  cavity  of  the  maxillary  with  a  welMeveloped  cavity  on 

its  external  sin  face  LachesU 

2b.  Process  at  the  border  ut  the  pit  cavity  of  the  maxillary  even  or  smooth 

Crotedus  and  Sistrurus  S 

ia.  Lateral  process  of  the  squamosal  forms  a  fork  having  an  angle  of  HO'  or  less  w  ith  the  main  bone 

Si%truru.\  catrnatm  and  Sistrurus  villiarius 
3b.  Lateral  piocesit  of  the  squamosal  blunt  or  pointed,  but  if  it  forms  a  fork  with  the  main  bone, 

then  the  angle  between  them  is  90"  or  greater  CroMus  and  Sistrwrus  ravus 

\a.  Ectopterygoid  shorter  than  the  basal  ij.m  i  ..f  the  ptt  rvRoid  Agkistrodon 

4/>.  Fctoptorvgoid  longer  than  the  basal  ])arl  of  the  pleiyi^oid       5 

5a.  Palatine  in  the  form  of  a  fork,  with  a  dor:ial  process;  anieriot  edge  ot  the  maxillary  pit  cavity 

has  a  smooth  curve;  Central  and  South  American  Bothropt 

5b.  Palatine  not  forked  anteriorly:  anterior  edge  of  the  maxillary  pit  cavity  has  a  small  prooen 
projecting  toward  the  center  of  the  pit;  Asiatic  Trimeresurus 


KEY  ro  LHL  .SPECIES  OF  ITIK  GENERA  CROTALUS  AND 
SISTRURUS  BASED  ON  THE  ADULT  SKULU" 
(Devised  by  Baj  ard  H.  BratUtrom)  ^" 

la.  Frontal  stpiarc  or  wider  than  long ...   2 

16.  Frontal   when  measured  at  the  mitldle)  longer  than  wide  ,   G 

2a.  I  ronial  diviincilv  wider  than  long  C.  ailaiiiatiltus 

26. Frontal  ap|Ho\imately  square   8 

3a.  Articular  with  a  thin  ventrolateral  process  below  the  level  of  the  junction  with  the  quad- 
rate  4 

36.  Articular  without  such  a  process   5 

4(i.  1  op  of  the  parietal  narrowing  posteriorly;  palatine  teeth  usually  2  (range  1-3);  medial 

edge  of  the  squamosal  curved  laterally  C.  nu^ossus 

46. Top  of  the  parietal  narrowing,  followed  b\  a  le^^  ideiiing  within  its  anterior  half;  palatine 

teeth      medial  edge  ol  the  --i] iiaiiiosal  ll^^^alK  suaiglit  C.  atrox 

5u.  i'alalaie  teeth  usually  1  (range  top  of  the  paiietal  elongate;  ventral  process  of  the  basi- 

sphenoid  has  an  anterior  hump,  when  viewed  from  the  side;  middle  and  lower  posterior 

processes  of  the  prefrontal  ecpial  in  length  C.  durinus 

56.  I'alatinc  teeth  usnallv  .'5  (range  2-3);  top  of  the  parietal  a|jpro\inialeIv  square;  ventral  process 
of  the  basisphenoid  without  an  anterior  hump,  when  viewed  from  the  side;  lower  posterior 

process  of  the  prefrontal  much  shorter  than  the  middle  process  C.  horridvs 

Ga.  No  palatine  teeth,  and  the  dentary  teeth  fewer  than  0   7 

66.  Talatine  teeth  present  or  absent,  but,  if  absent,  then  the  dentary  teeth  number  more 

than  8  8 

7a.  Dentary  teeth  8,  pterygoid  teeth  7  C.  polystictus 

"  Several  species,  induding  C.  transverstts  and  C.  unieotor,  are  omitted  for  lack  of  adequate 
material.  For  the  identification  of  the  skull  bones  mentioned  in  this  key,  see  figures  11:1  to  11:4. 
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7&.  HfHiaiv  tctili  n  or  7.  [Xrivgoid  iccth  1  or  5  C.  .strjiir^eri 

8«,  Squamosal  lung,  iiaiiow,  thin,  and  with  little  or  no  lateral  process;  anterior  cud  ul  the 

squamosal  with  small  notches  C.  pricei 

86.  .Squamosal  wide,  flat,  and  relatively  iliort;  a  lateral  process  present  and  usually  well 

developed:  anterior  nid  of  ilir  <;qiirimo<;aI  rounded  and  even   9 

9a. Lateral  process  of  the  squaniovil  loiniing  a  hook,  thereby  inclosing,  ui  having  an  angle  of 

90*  or  less  tvith,  the  main  part  of  the  squamosal  10 

96.  Lateral  process  of  the  squamosal  forming  an  angle  greater  than  90*  with  the  main  part  of 

the  bone,  or  the  process  jirest-iit  oidv  as  a  small  knob   .18 

10».  lOp  of  the  parietal  revvidening  in  its  anterior  one-third,  just  beiiinil  the  widening  at 

the  postfrontals  C.  pusillus 

106. Top  of  the  parietal  without  rewidening,  or  if  it  does  rewiden,  then  the  second  widest 

part  is  in  its  posterior  two-thirds  11 

1  la.  Frontals  slightly  longer  than  wide,  but  appearing  almost  square;  postfrontal  touching  the 
frontal;  ventral  process  of  the  basisphenoid,  when  viewed  from  the  side,  has  an  anterior 

hump   C.  hasilisnts 

11/;.  I-ronials  much  longer  than  wide;  postlrontal  not  touching  the  frontal;  vi  iitial  process  of 
the  basisphenoid,  when  viewed  from  the  side,  is  without  an  anterior  hump,  or  the  entire 

ventral  process  is  usually  very  low  12 

12a.  Lnteial  iiotdt  of  the  squamosal  makes  an  acute  angle  (45'  to  80*)  with  the  main  part 

of  the  bone.....   IS 

126.  Lateral  process  <rf  the  squamosal  snhitintially  at  right  angles  to  the  main  part  of 

the  heme  14 

ISa.Dentary  tcctli  iisuallv  !o  nani^e  10-111:  pterygoid  toetli  usually  8  (range  7-9);  lower  posterior 

process  of  the  prelrontal  lotigcr  than  the  middle  process...  5.  miliarius 

136.Dentary  teeth  usually  9  (range  9-10);  pterygoid  tsdh  usually  6  grange  5-7):  lower  posterior 

process  of  the  prefrontal  shorter  than  the  middle  process  5.  catenatus 

I  ta.  Frontal  turned  up  laterally  15 

W>.  Frontal  flat  16 

15a.  Squamosal  long  and  narrow;  top  of  ihc  parietal  substatitially  square;  ventral  process  of  the 

basisphenoid,  when  viewed  from  the  side,  with  a  slight  anterior  hump  C.  wtllardi 

15ft.  Stjunmosnl  short  and  smbliv;  top  of  the  parietal  elongate;  ventral  process  of  the  basisphenoid, 

when  viewed  from  the  side,  low.  without  an  anterior  hump  C.  lepidus 

16a.  Medial  edge  of  the  pterygoid  curved;  nasals  widest  at  the  anterior  end;  palatine  with  a 

high  dorsal  hump  and  an  elongate  posterior  extension  S.  ravus 

16/'.  Nftilial  edge  of  tlie  picrvgoid  with  an  angle;  nasals  widrst  in  tbf  middle  or  posterior 

half;  palatine  low  and  stubby,  with  blunt  anterior  and  posterior  ends  17 

1741.  Pterygoid  teeth  5;  articular  foramen  is  posterior  to  the  most  anterior  extension  of  the  dorsal 
projectinn  ni  ii  i  articular;  angle  of  the  medial  edge  of  the  pterygoid  is  in  the  posterior 
otic  tliitd  of  the  l)onc;  anterior  border  of  the  splenial  at  the  anterior  metkelian  foramen 

cinvc's  forward  or  down  C.  inlernudius 

176.  Pterygoid  teeth  6  or  7;  articular  foramen  is  anterior  to  the  most  anterior  extension  of  the 
dorsal  projec  tion  of  the  articular;  angle  of  the  medial  edge  of  the  pterygoid  is  in  the  middle 
one- 1  bird  of  the  bone;  anterior  border  of  the  splenial  at  the  anterior  mcckelian  foramen 

curves  backward.....  C.  iriseriatm 

18a.  Ventral  curvature  of  the  loreal-pit  cavity  in  the  maxilla  with  only  a  shallow  depression, 
or  with  an  indentation  only  at  right  angles  to  the  curvature;  ventral  process  of  the  basi- 

iiphcnnid  well  developed  I'.t 

186.  Ventral  curvature  of  the  loreal-pit  cavity  in  the  maxilla  with  a  deep,  forward-directed. 

indentation;  ventral  process  of  the  basisphenoid  usually  not  well  developed  23 

19a.  Frontals  considerably  longer  than  wide;  upper  posterior  process  of  the  prefrontal  longer 

than  the  lower  C.  enyo 

196.  Frontals  slightly  longer  than  wide,  almost  square;  lower  posterior  process  of  the  prefrontal 

longer  than  the  upper    20 

20a.  Posifionial  scpataicil  from  the  frontal;  lateral  pro(css  of  the  scpiamosal  pointtd:  lateral 
process  at  the  anterioi  end  of  the  ectopterygoid  wide  and  with  a  slight  downward  bend 

C.  lortugefuis 
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20b.  Postfrontal  in  contact  with  the  frontal  or  separated  bv  less  than  '4  mm.;  lateral  process 
ol  the  squamosal  usually  blutu;  lateral  process  at  the  anterior  end  ol  the  ectoptery- 

gold  rounded  21 

21a.  Top  of  the  parietal  narrowing  posteriorly  with  no  rewideniiig;  vential  proom  of  the  basi- 

sphenoid  rectangular  when  viewed  from  the  side  C.  ruber  and  C.  exsul 

21    Top  of  the  parietal  rewidening  in  its  posterior  two-thirds;  ventral  process  of  the  basisphe- 

noid  triangular  when  viewed  from  the  side  22 

22a.  Top  of  the  parietal  rewidening  in  its  anterior  half  C.  horridus 

22b.  Top  of  the  parietal  rewidening  in  its  posterior  half  C.  atrox 

23a.  Ventral  process  of  the  basisphenoid  very  slightly  developed;  frontal  distinctly  turned  up 

laterally  C.  cerastes 

2Sb.  \'entral  process  of  tlic  basisplienoid  somewhat  developed  (usually  more  than  %  mm.);  frontal 

flat  or  only  slightly  turned  up  laterally  24 

24a.  Area  between  the  processes  at  the  anterior  end  of  the  ectopicrygoid  curved;  posterior 

part  of  the  pterygoid  short,  stubby,  wide,  and  with  the  medial  edge  curved  C.  tigris 

24b.  Area  between  the  processes  at  the  anterior  end  of  the  ectl^tCTygoid  flat;  i>nsterior  part 
of  the  pterygoid  elongate  and  relatively  narrow;  medial  cdgp  of  the  pterygoid  with 

an  angle,  occasionally  curved....  25 

25a.  Lower  posterior  process  of  the  prefrontal  wide  and  longer  than  the  middle  process 

C.  scuttUatus 

256.  Middle  posterior  process  of  the  prefrontal  longer  than  the  lower  process,  the  latter  often 

dMWC  and  stubby  26 

26a.  Palatine  with  a  definite  anterior  knob;  anterior  td^  of  the  transverse  bar  of  the  pre> 
maxilla,  when  seen  from  above,  coming  to  a  point;  top  of  the  parietal  narrowing 

posteriorly  ,  C.  viridis 

26b.  Pabtine  usually  without  an  anterior  knob:  anterior  edge  of  the  transverse  bar  of  the 
premaxilla,  when  seen  from  above,  curved  or  rounded;  top  of  the  parietal  rewidening 
in  its  posterior  one-third  C.  mitchelUi 


TABLES  OF  GEOGRAPHICAL  DISTRIBUTION 

In  the  geographical  Cables  that  follow,  it  shotild  be  observed  that  the  numbers 

in  parentheses  apply  to  specific  numbered  notes  appended  to  each  table  indi- 
vidually. The  following  letten  and  other  symbols  are  applicable  to  all  ubles: 

4-  Present  in  the  area  Nw  Northwest 

C.  Central  area  P  Probably  present,  but  no  definite  record 

£  tast  S  South 

Ec  East-central  Sc  South-central 

Ex  Extreme  (example.  ExS  is  exueme  south)    Sc  .Southeast 

N  North  Sw  Southwest 

Nc  North-cenoal  W  West 

Ne  Northeast  Wc  West-central 

A  comma  stands  Cor  "and";  thus  C,E  means  the  central  and  eastern  parts  of  the  area. 
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TABLE  2:1 


Gboohaphkuu.  DiaTBmuTiOH  or  Raitlbsnakes  in  Canada 


Province 

8^  c.  eitienalut 

C.  A.  horridus 

C.  V.  virxdia 

C.  V.  oreganuM 

» •  •  • 

•  •  ♦  • 

(3) 

British  Columbia  

•  «  «  • 

(5) 

* » ■  • 
(1) 

(2) 

Saskatchewan  

(4) 

*  •  «  • 

<1).  Sou  t  horn  Ontario  alone  the  ■hona  of  Geongiaii  Boy,  Lake  Hinoa,  ond  Lake  Brie;  abo  Friaee  Edward  Praiaaiila  in 

Lake  Ontario. 

d).  Vicinity  of  N  \nfMTn  ca-.tw  it  ciru'*-  >:>c'<.'urrn(l  at  aoveral  |  loiDto  OH  tin  Bortlisliaraof  Lake  Erie,  but  proboblylHM  HOW  baon 
exterminated  tlicrc,  except  i>o«8ibly  ut  Point  Pele«,  ICoiaK  County. 

(3)  .  Soatheaatern  Alberta,  from  the  ited  River  aoutk  to  tiaa  bovdar. 

(4)  .  Southweatem  Baaltatehowan  from  tiio  South  BaaltatBliawan  Hi w  aouth  to  tha  bordar. 

tf).  SoutlMaatral  Britiah  CoIamUa  within  the  triangle  liHooe^-Shuawap  Lako-Oaoyooa;  alao  aaat  alone  the  United 
Stataa  border  to  Chriatint  Labe.  and  poaaibly  toWaneta. 


TABLE  2:2 

Geogsafhical  Distribution  of  Rattlesnakes  in  the  United  States 
East  of  the  Mississippi  River 


Slate 

i8.c 
cetmafiia 

8.  tn. 
mwwnut 

iS.  m.  , 

8.  m. 
•fradbvn' 

C.  ada- 

c.  *. 

C.h.alri- 

c 

s 

P(Nw) 

8 

N 

c.s 

a  • 

+ 

(2) 

*  • 

(3) 

Florida  

+ 

+ 

N,W 

c 

s 

S 

N 

c,s 

+ 

S.W 

ExS 

C.N 

S 

S,W 

+ 

ExW 

+ 

E 

+ 

a  a 

a  m 

(4) 

a  a 

N,W 

+ 

a  a 

(1) 

•  ♦ 

Se 

+ 

+ 

New  Hampshire  

C,Sw 

•  a 

+ 

•  • 

New  York. .   

Nw 

North  Carolina  

£ 

w 

E 

Ohio  

C,N 

8 

a  • 

Pnnnsyl  vrinia  

ExW 

+ 

+ 

+ 

ExS 

Se 

Nw 

C.Se 

Sw 

C,E 

W 

Vermont  

R 

W 

•  a 

+ 

Sw 

•  • 

Sw 

(1)  .  S.  e.  calenalut  iaceneralty  distributed  in  Lower,  but  has  not  been  reported  in  Upper  lli«fai^B. 

(2)  .  Rattlesnakes  have  apparently  been  exterminated  in  the  Dol-Mar-Va  Peninsula,  if  indeed  they 
No  authentic  record*  of  C.  h.  horridu*  from  Delaware  in  hi.storic  times  are  at  liand. 


ever  occurred  there;. 


(3)  .  AlthouRli  C.  A.  horrtdua  once  ocnirred  in  the  pi.strict  of  Columbia,  it  aeeni.-!  now  to  have  be«>n  extprrninated.  An  occa- 

sii'iiiil  .i|"  citiirii  tiuiy  still  liij  Ciirriijd  in  by  a  river  flood. 

(4)  .  AlthouRh  once  present  in  southwestern  Maine,  C.  h.  horridui  ae«ma  to  have  been  exterminated  there,  probably  some- 

time prior  to  iSfiO  (see  Palmar.  1946,  p.  1).  In  1M6 1  addraaaad  inquiriao  to  a  nnmbar  of  game  wardana  in  tha  area  in 
Maine  where  the  renuuuita  of  any  Colony  mi|lit  be  eKpaoted  to  lemaln.  Mono  reported  any  reeant  evideneaa  of  mttl»> 
anakca.  Maine  and  Delawwe  are  apparently  today  tha  oidyetatea  in  wUob  rattlaannhM  are  no  lonear  found,  althoush 
there  ere  late*  aiaoa  within  other  atataa  Minnaaota  and  vneeonain  partieularly— where  no  rattSn  < 


looeur. 
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TARLE  2:6 

Geoorafbical  DisTBiBtmoN  OF  Rattlesnakes  in  Central  and  South  America 


ouinry 

Ua  CI*  iiwrMviiv 

Ha  ttaUKUn 

vmcocor 

N(  1) 

-4-  ( 1  i 

^Ti/*Q  1*0  m  1  o 

w 

C*ost:t  HicU. 

Nw 

oUlllIl  iVIUtrllLH* 

+ 

ExNe 

Ouyanft  (formerly  British 

+ 

+ 

+ 

Bia/il  

•  • 

+ 

ExSe 

+ 

+ 

+ 

N,C 

Chile  

Anibi,  Island  (off  Vene> 

•  * 

•  * 

+ 

(1)  .  Tilt'  )>'.iiiM!ar.v  hoturcn  C.  d.  Aai—ut  and  C.  d.  tulbean  in  northern  Guatemala  and  in  British  Honducaa  is  not 

known  «iUi  Mccuracy. 

(2)  .  AlthouKh  tlicFL-  liave  been  reports  of  rnttk-f^nnke.^  in  r.-vnmna,  none  lia.s  lu-on  vcrifir^ci  l>.v  an  idpntifKnl  speoiinen. 

(3)  .  General  statetuenU  have  been  made  to  the  effect  tliat  C.  d.  terrificu*  occurs  in  eastern  Kcuatlor,  but  no  authentic 

neords  are  available.  Little  is  known  eoaeNrning  the  preaenee  of  tnitlasnaltes  in  tlie  western  part  of  the  Amaion 
basin. 
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1 ABLES  OF  CHARACTER  VARIATIONS 

The  numbers  in  parentheses  in  tables  2:7  and  2:8  represent  the  means  of  the  items 
listed,  except  for  the  scale  rows  at  mid-body,  in  which  the  mode  is  indicated.  The 
body  blotdies  are  counted  onh  in  the  base  of  the  tail,  any  tail  marks  being  omitted 
from  the  count.  I  have  not  lisuil  die  (ail  rings,  hct  ausc  in  many  species  they  cannot 
be  counted  with  at  c  uiacy;  ilicy  are  seldom  o£  use  in  discriminating  between  forms, 
ex(('j)t  ill  the  subsptiies  of  C  x'iridis!" 

VVith  regard  to  the  statistics  oi  squamation  in  table  2:7,  ii  should  be  stated  that 
there  were  insufficient  specimens  of  the  following  species  and  subspecies  to  deter- 
mine the  ranges  of  variation  and  averages  with  any  degree  of  finality:  C.  enyo 
cerralvensis,  C.  enyo  furvus,  C.  intermedius  intermedius,  C.  lannomi,  C.  pricei 
miquihuanus,  C.  pusiUus  (females),  C.  scutulatus  salvini,  C.  stejnegeri,  C.  trans- 
twrsus,  and  C.  wiUardi  nicridionalis. 

The  rani^e  in  the  ventrals  in  C.  triseriatus  triserinttis  doe';  not  include  the  type 
spt  riiiicii  with  1.')'.).  In  several  |)laces  I  have  not  hesitated  to  omit  scale  counts  so 
dilicrcnt  from  the  normal  as  to  be  dearly  from  freaks,  or  possibly  from  miscounts 
that  could  not  be  verified  because  the  specimens  were  no  longer  available. 

The  statistics  of  teeth  presented  in  table  2:8  represent  the  researches  of  Bayard 
H.  Brattstrom. 

^The  statistics  of  the  tail  rin^  of  the  viridis  subspecies  are  as  follows  (the  first  pair  of 
figures  under  each  subspecies  is  the  range  in  the  males,  followed  by  the  mean  in  parentheses, 
after  which  the  same  data  on  the  females  arc  given);  viridia  6-15  ^9.91,  4-11  (7.4);  ab\<tsus  7-12 
^8.2),  6-8  (6.9):  (alifiims  4-6  (5.2).  3  5  (t.2);  cerbeTusS-O  (6.1),  3-7  (4.5)  ;  caticolor  i-ll  (R.r.Q,  F-vj 
(7.2);  hellfri  S-8  (4.5),  2-6  (3.4);  lulosm  5-10  (7.1).  4-8  (5.6);  nuntius  5-12  (9.4),  5-10  (7.1); 
oreganus  S-10  (5.6).  9-8  (4.5). 
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TABLE  2:8 

Teeth  Socket  Coitmtb 

(RanKo  (  •  variiition,  followed  by  mean  in  parcnthcacs) 
(Data  prepared  by  B.  H.  Brattstrom,  19G4a,  pp.  194,  196) 


8|M«M 

SpeciiiH'iia 

Pmbtioe 

Ptangrcoid 

DraUqr 

39,  40,  39» 

1-3  (2.7) 

7-11  (8.1) 

9-10  (9.5) 

67,  70,  70 

3  (3.0) 

7-9  (8.0) 

7-11  (9.9) 

C.  boatKaeu*.  

4,  4,  4 

0-2  (1.0) 

7-8  (7.5) 

9-11  (9.8) 

44,46,46 

2-4  (3.0) 

7-9  (8.4) 

8-11  (9.8) 

18,  12,  14 

0-2  (1.1) 

7-9  (7.8) 

8-11  (9.8) 

6,  2,  4 

1-3  (2.7) 

8  (8.0) 

9-11  (10.0) 

28,  34,  34 

2-3  (2.9) 

8-11  (8.7) 

10-13  (10.9) 

1,  1,  1 

3  (3.0) 

5  (5.0) 

8  (8.0) 

7,  8,  10 

2-3  (2.7) 

6-8  (6.9) 

8-9  (8.1) 

15,  24,  23 

2-3  (2.9) 

7-10  (8.2) 

7-10  (8.9) 

12,  12,  9 

1-9  (2.1) 

6-10  (8.8) 

9-11  (10.0) 

2,  2,  2 

0  (0.0) 

7  (7.0) 

8  (8.0) 

C.  putUhu  

9,  9,  10 

3  (3.0) 

7-9  (7.7; 

9-11  (10.1) 

3,  5,  3 

3  (3.0) 

6-7  (6.6) 

9-10  (9.3) 

C.  ruber  

27,  26,  31 

3  (3.0) 

6-0  (8.0) 

8-11  (0.5) 

16,  16,  14 

3  (3.0) 

6-8  (7.3) 

9-10  (9.6) 

4,  3,4 

0  (0.0) 

4-5  (4.7) 

6-7  (6.5) 

4,4,3 

3  (3.0) 

7-9  (8.0) 

9-10  (9.3) 

2,2,2 

3  (3.0) 

0  (9.0) 

10  (10.0) 

C.  triseriattu  

4,  5,3 

3  (3.0) 

6-7  (6.2) 

7-8  (7.3) 

C.  viridis  

103,  108,  107 

2-4  (2.9) 

6-10  (7.4) 

6-11  (9.3) 

1,  2,  2 

3  (3.0) 

6-7  (6.5) 

9  (9.0) 

8»6,6 

2-3  (2.6) 

7-«  (7.2) 

0-10  (94t) 

47,  52,  50 

3  (3.0) 

7-10  (7.8) 

8-11  (9.4) 

17,  16,  18 

2-4  (3.1) 

6-9  (7.8) 

9-10  (9.6) 

30,  32,  31 

2-3  (3.0) 

7^  (7.7) 

6-11  (9.1) 

4,6,5 

1-2  (1.8) 

5-7  (6.2) 

8  (8.0) 

17,  19.  20 

1-3  (2.01 

5-7  (5.6) 

9-10  (9.1) 

iS.  miliarius 

2,4,7 

3  (3.0) 

7-9  (7.8) 

10-11  (10.4) 

10, 10, 10 

3  (3.0) 

6-7  (5.9) 

8-10  (8.8) 

■  AvsiUbU)  oounta  listed  in  tbe  order:  palatine,  pteiyioidi  deataiy.  For  poutioni  of  (hoM  teeth,  eee  figurai  11:1  to 
11:4. 
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TABLE  2:9 
Tabulak  Index  io  Chaptbii  2 


Photograph 

SiMdM  or  ralicpoeiw 

p«ge 

fitruro" 

page 

SI 

58 

1 

65 

11 

32 

58 

I 

65 

12 

32 

59 

2 

66 

IS 

32 

59 

2 

vo 

Id 

S3 

6S 

9 

fi7 

111 

C.  cerastes  cerastes.    

33 

59 

3 

67 

lit 
ID 

cercobombus.  

S3 

59 

3 

17 
If 

....  34 

59 

3 

uo 

IS 

C.  durissus  durissus.  

™  34 

60 

4 

34 

GO 

1 

OA 

35 

60 

5 

70 

91  99 

...  S7 

60 

4 

37 

60 

4 

71 

24 

59 

3 

79 

91* 

37 

59 

3 

nc 
20 

S8 

59 

8 

to 

99  911 

C.  exsul     ,  . —  

38 

58 

1 

It 

90 

X9 

Charridua  r,ariuUi%  

38 

61 

f) 

1 1 

•n 

9w 

...  39 

61 

6 

81 

89 

63 

8 

IO 

SO 

gloydi   

10 

63 

8 

/O 

M 
39 

omiUemanus  

10 

63 

8 

/O 

a  J 

W 

C.  lannomi  

40 

64 

10 

41 

62 

7 

1 1 

99 

n 

fi2 

7 

11 

41 

62 

7 

•  * 

•  * 

42 

62 

7 

78 

38 

angelemis.  

42 

62 

/' 

70 

m  Hr  r/'efijw.......^.„-«„.....„  

12 

62 

7 

TV 

43 

62 

7 

an 

At 

stephensi.  

4$ 

62 

7 

Ov 

49 

C.  mohsstts  molossus......^.,..  ^...-^  

59 

o 

SI 

48 

44 

59 

2 

81 

44 

44 

59 

2 

82 

45 

C.  polystietus....  „  — 

....  44 

6S 

8 

•  • 

*  * 

45 

63 

8 

46  47 

45 

63 

8 

S3 

48 

C.  pusUlus  

46 

64 

10 

AO 

46 

58 

1 

84,85 

50.51 

huaiemi^   

IG 

58 

1 

85 

52 

47 

63 

9 

86 

53,54 

...  47 

68 

9 

•  a 

....  47 

64 

10 

87 

55 

C  tic;ris..   

18 

62 

7 

87 

56 

48 

58 

1 

88 

57 

48 

68 

8 

•  » 

48 

62 

7 

88 

58 

49 

62 

7 

89 

59 

C.  unicolor.  , 

49 

60 

5 

80 

60 

*  nM  flhkptar  prefix  aumber  is  omitted ;  that  ia,  figure  2 : 14  is  tabulated  as  14. 
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TAB1£  2:9— Continued 


Bang*, 

Van 

Photoenph 



figure* 

figure* 

C.  vegrandis   .  ,  ,u.i.i.,..,.i 

  49 

60 

5 

90 

61 

C.  viridis  viridis.   

  30 

61 

6 

90 

62 

50 

61 

6 

91 

6S 

51 

61 

6 

91 

64 

51 

61 

6 

92 

65 

concolor..   

51 

61 

6 

92 

66 

  52 

61 

6 

9S 

67 

  52 

61 

6 

93 

68 

52 

61 

6 

94 

69 

oregfinus.  

53 

61 

6 

94,95 

70,71 

C.  wiffardi  wUhtrdi  

54 

59 

8 

95 

72 

51 

59 

3 

96 

73 

54 

59 

3 

96 

74 

54 

59 

S 

97 

75 

5.  eattnatus  eatenatus.  

  5S 

64 

10 

97 

76 

cdvardsii   

  55 

64 

10 

98 

77 

  56 

64 

10 

96 

78 

S.  milianiis  milhtrius.  

56 

64 

10 

99 

79 

64 

10 

99 

80 

  57 

64 

10 

100 

81 

  57 

64 

10 

100 

82 

Some  tables,  in  this  and  other  chapters,  wherein  various  rbarncters  are  enum- 
erated by  species  and  suljspccics  are  the  following:  squamation  and  blotches,  table 
2:7,  toUowing  p.  142;  tecUi  sockets,  table  2:8.  p.  M3;  lengths,  table  4:1.  p.  175;  head 
proportions,  table  4:2,  p.  136;  tail  proportions,  table  4:3,  p.  190;  rattle  dimensions, 
table  5:6,  p.  321;  hemipenial  characters,  table  10:2,  p.  698;  brood  sixes,  table  10:3, 
p.  733;  tang  proportions,  table  11:1,  p.  768;  and  venom  yields,  tables  11:7->11:8,  pp. 
808-810. 
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PALEONTOLOGY 


Less  is  known  about  fossil  snakes  than  about  any  other  vertebrate  group.  Their 
small  size  and  delicate  bones  have  resulted  in  a  meager  record.  Most  of  the  charac> 
ters  used  in  the  classification  of  existent  snakes,  particularly  the  scales,  are  not 
preserved  as  fossils;  ihis  renders  correlation  with  the  ( lassifuaiion  of  living  spo(  ics 
tlifficuit.  Rattles  do  not  tossili/e.  The  taxononiic  ami  phylogenetic  studies  ot  snakes, 
particularly  at  liie  species  le\el.  are  thus  littk-  aided  by  paleontology,  and  are  more 
completely  dep2ndent  on  living  forms  than  is  the  case  with  other  suborders.  But 
some  fossil  rattlesnake  remains  are  available  for  study. 

Antiquity  of  Snakes 

Snakes  seem  to  have  originated  rather  late  in  the  Age  of  Reptiles.  Beilairs  and 
Under^vood  (1951,  p.  195)  place  the  oldest  fossil  snakes  in  the  Lower  Cretaceous 
of  central  Kuro])c.  A  te^\•  o})hi(han  vertebrae  are  knoAvn  rrf)rn  the  I'jiper  Cretaceous 
of  the  Old  World,  and  Upper  Cretaceous  lenuuns  have  been  lound  in  Patagonia. 
The  major  evolution  of  the  «iakes»  with  the  gradual  devdofonent  of  a  perfected 
venom  apparatus  in  some  families,  must  have  occurred  during  the  four  successive 
divisions  of  the  Tertiary — the  Eocene,  Oligocene,  Miocene,  and  Pliocene — ^with 
proliferation  in  the  lately  past  Pleistocene  (the  Ice  Age),  continuing  into  the  con- 
temporary or  Recent,  the  latter  name  being  given  to  our  present  time  zone  or 
period  as  a  component  of  the  s^eoloifical  series. 

Acc  ording  to  C»ihnorc  (I'JSS,  p.  70)  venomous  snakes  made  their  first  appearance 
in  Europe  in  the  Miocene  age.  Romcr  (1915,  p.  208;  1956,  p.  568)  stated  that  snakes 
are  the  newest  of  the  reptilian  groups,  first  appearing  in  the  late  Cretaceous  and 
Eocene.  It  was  his  opinion  that  poisonous  snakes,  with  grooved  or  hollow  fangs, 
were  evolved  later;  they  are  not  surely  known  before  the  Miocene. 

The  most  ancient  specimens  d-tinitely  to  be  consid.red  rattlesnake  fossils  are 
from  Driftwocxl  Creek,  Hitchcock  County,  Nebraska,  proliahly  of  Lowei  Plio- 
cene age,  but  possibly  Upper  Miocen?.  A  guess  at  their  ai;e  nughl  be  anywhere  Irom 
•i  to  12  million  years  (Gilmore,  1938,  p.  72;  Braitstrom,  1954b,  p.  ^13;  Fitch,  1960, 
p.  115;  Gehlbach,  1965,  p.  61) .  Auffenberg  (1963.  p.  134)  mentions  Pliocene  re- 
mains from  nzar  Haile,  Alachua  County,  Florida,  which  may  belong  to  the  Crotal- 
idae,  and  might,  therefore,  be  the  vestiges  of  a  rattlesnake. 
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Rattlesnake  Fossils 

Fossil  remains  of  rattlesnakes^  usually  vertebrae,  with  occasional  ribs,  fangs,  and 
skull  bones,  are  moderately  common  in  paleontological  collections.  They  have 
been  found  in  caves,  lime  pits,  and  similar  excavations,  and  in  the  asphalt  pits  of 
California.  Most  of  them  are  known  to  be  from  the  Pleistocene,  but  a  few  may  be 

from  Pliocene  hon'/ons.  The  localities  where  these  fossil  rattlesnake  remains  have 
been  discovered  and  the  nature  of  the  material  itscll  arc  described  in  the  following- 
references:  Whcatlcy  (1871,  p.  235),  Hay  (1902a,  p.  181;  1917,  p.  44;  1920,  pp.  96, 
135;  1923,  pp.  314,  348,  353,  382;  1924^  pp.  147,  251;  1927,  p.  21G;  1929,  vol.  2, 
p.  271),  Sinclair  (1904,  pp.  11,  18,  19),  Bamum  Brown  (1908,  p.  207),  L.  H.  Miller 
(1912,  p.  71),  Stock  (1918,  p.  461),  Gridley  (in  Hay,  1927,  p.  216),  Merriam  (in 
Bryant,  1929,  p.  48),  Harrington  (1983,  p.  192),  Gilmore  (19S8,  p.  70),  Brattstrom 
(1953a,  p.  367;  1953b.  p.  174:  1953(  ,  p.  213;  1954a,  p.  8;  1951b,  |.  ;  1955a.  p.  153; 
1955b,  p.  4;  1958,  pp.  8,  12;  1954a,  j).  185;  1964b,  p.  93),  Van  Frank  and  Hecht 
(1954,  p.  158),  Dowlini^  (1958,  p.  (i) ,  llolnian  (1958,  p.  278;  1959a.  p.  100;  1959b, 
p.  124:  1963,  p.  152:  196  1.  p.  82) ,  Mecham  (1959,  p.  25) ,  Autfenberg  (1963,  p.  134) , 
Guilday,  Martin,  and  .\IcCrady  (190^,  p.  142).  Gut  and  Ray  (1964,  p.  320),  and 
Gelilbach  (1965.  p.  61) . 

Classification  of  Fossils 

Gilmore  (1938,  p.  72)  was  unable  to  difiEerentiate  such  modem  species  as  horridus, 
confiuentus  {sxnridis),  adamanteus,  and  atrox  on  vertebral  characters — the  only 
evidence  usually  remaining — and  thought  that  it  was  therefore  impossible  to  go 
beyond  the  statement  that  the  animal  represented  was  probably  a  rattlesnake.  It 
might  even  be  that  some  of  these  remains  represented  jnt  vipers  other  than  rattle- 
snakes. From  the  size  of  some  of  the  fossil  remains  and  their  location  in  Florida, 
it  could  be  assumed  that  they  were  those  of  the  eastern  diamondback  (C.  adaman- 
teus),  but  of  this  there  was  no  certainty.  Therefore,  Gilmore  did  not  follow  the 
earlier  authors  (Hay  especially)  in  assigning  the  fossils  to  the  existent  species  now 
present  in  the  areas  where  the  remains  were  found,  but,  except  in  the  case  of 
adamanteus,  merely  considered  them  to  belong  to  the  rattlesnake  genus  Crotalus. 

Moie  re(enil\,  B.  H.  Brattstrom  (1953b.  1951b,  1964a)  lias  made  a  complete 
study  oi  the  fossil  croialid  remains  axail.ihle  in  tin's  conntr\.  including  f)sieolo^ical 
coinp;n  isf)ns  with  existint;  species.  H^'  lias  not  onh  been  aljle  to  make  t;etici  ic  segre- 
gations with  certainty,  but  likewise  some  specilic  distiiu  tions,  basetl  on  \crtebrae 
and  skulls.  The  works  of  Holman  (1958,  1959a,  1959b.  1963,  1964)  and  Autfenberg 
(1963)  have  also  been  important  in  the  allocation  of  rattlesnake  fossil  remains. 

The  characteristic  features  of  a  rattlesnake  vertebra  are  shown  in  figures  3:1  to 
3:3.  The  proportions  of  the  mid-thoracic  vertebrae  of  t\  pical  species  and  subspecies 
are  presented  in  table  3:1.  In  addition,  data  on  the  numl)ers  of  teeth  in  the  several 
series  have  been  set  forth  in  table  2:9.  The  application  of  differential  cranial  char- 
acteristics to  the  segregation,  first  of  the  genera  of  the  crotalids,  and  secondly  of  the 
species  within  tiie  rattlesnake  genera  Sistrurus  and  Crotalus,  has  been  indicated  in 
two  of  the  keys  in  chapter  2  (p.  136).  The  illustrations  in  which  the  skull  parts 
are  named  will  be  found  in  chapter  11  (figs.  11:1-11:4). 
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POSTERIOR 

Fig.  S:S.  Side  view  (drawings  by  Mts.  Joan 

Arscnauh.  prepared  under  the  direcdon  of 
B.  II.  Bratlslroiii.) 


.\(id-thoi;u it  vertebra  of  Crolaiin  ru}>cr  ruber 

1.  Coiulylc  or  ball  of  centrum 

2.  Diapopli) sis  (transverse  process) 

3.  Glenoid  cavity  or  cup  of  centrum 

4.  H^'papophysls 

5.  Neural  spine 

6.  Parapophysis 

7.  Postzygapophysis 

8.  Prezygapophysis 

9.  ZyRantrum 
10.  Zygosplienc 
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TABLE  8:1 

PbOPORTIONS  of  MiD-TiioRACir  \'f.rtebr.\e  i\  Aot  LT  IIattlksxakBS  and  MoOCABINfl 

(Based  on  Biatutrom.  1964a,  p.  209,  uble  8) 


SpediM  or  Mibipeeiet 

Ratio  of  height 
towtdth* 

Jinuoot  linijtnt 
of  neural  spine 
to  height 

Batio 
to  width 

1  52 

0  36 

0  nr, 

1.60 

0.37 

0.59 

1.61 

0.27 

0.43 

1.31 

0.35 

0.46 

1.72 

0.41 

0  71 

1.78 

0.44 

0.79 

1.79 

0.33 

0.42 

1.03 

0.41 

0.42 

C.  molossua  

U.40 

1.29 

0.25 

0.33 

1.34 

0.83 

0.45 

1  43 

0  32 

0  46 

1.67 

0.36 

0.60 

1.21 

0.29 

0.34 

1.19 

0.30 

0.35 

0  07 

0  27 

0  27 

1.53  , 

0.34 

0.52 

1  41  1 

0.26 

0.37 

1  n7 

0  34 

0  54 

A.  piacivorus  

1  51 

1 

0.43 

0.65 

'  rill'  !h  liiKt  i>  ine4t8umlfromthBtipof  thenetUBltpiDetotlieeiidof  thehyimimpfayah; 

tbe  poaUygapophyoea. 


Extinct  Rattlesnakes 

Hi  at  tstiom  has  described  two  species  and  one  subspecies  of  ratti:;snakes  now  extincl. 
These  are: 

1959.  Crotalus  potteremU  Braiutrom,  Copeia,  No.  $,  p.  17S.  Type  locality.  Potter  Creek  Cave, 
Shasta  County.  California.  Late  Pleistocene.  Most  closely  related  to  C.  viridis,  bom  which  it 
difTcrs  ill  ilu  si/c  and  shape  of  the  vertebrae  and  in  having  a  pterygoid  larger  than  that  of 

exisictu  viridis. 

IR54.  Crotalus  adamanteus  pleisioflorideruu  Brattstrom,  Trans.  San  Diego  Soc  NaL  Hist.,  vol.  12. 
no.  3,  p.  i5.  Type  locality,  Seminole,  Pinellas  County,  Florida.  Late  Pleistocene.  Differs  from 

existfiu  C.  iifhiitifinti  iis  in  liciiif;  larger  (twice  ;is  hni^f  i"  Imlki  .  \\\\\\  a  IhrIut  lu-iiial  spini" 
and  oilier  ctiticrciicc-s  in  tiie  aliapc  of  the  vcrtfhrat'.  .Since  the  original  descriplion,  additional 
material,  said  by  Brattstrom  (1954b,  p.  40)  to  represent  this  subspedcs.  has  been  found  at 
Allen, Cave,  Lecanto.  ( itru.s  Counh:  Melt)oiirnc.  Brevard  County:  and  Vrro  Beach,  Saint 
l.iicie  (iounty.  .Ml  are  1  loiid  i  I'leistoieiu-  tlfposits. 
1954. Cro/rt/j/i  gigauleui  BnutNtrum.  I  rans.  .San  Diegu  >;oc.  Nat.  liisl..  vol.  12,  no.  3,  p.  30.  Type 
locality,  Allen  Gave,  Lecanto,  Citrus  County.  Florida.  Pleialoccnc.  DiiTcra  froin  exUtcnt  C. 
adainaiitrus  in  heinR  marke:il\  larper.  reaching  a  hotly  lensili  in  life  of  possibly  12  feet.  The 
vertebrae  also  dilfcr  soniewliat  in  .slia|jc  from  those  of  adaDunitcus.  Since  the  original  descrip- 
tion of  C.  gigatUeus  additional  fossil  remains  (cither  Pleistocene  and/or  Recent)  have  been 
found  at  the  following  Florida  localities:  Haile  VII  (Limestone  Quarry),  and  Hornsby 
.*>prings.  Aladiua  County;  Eichelberger  Cave,  Marion  County;  and  Rock  Springs,  Orange 
County. 

Dowling  (1958.  p.  0)  and  Auffenbcrg  (1%3,  p.  204)  consider  C.  a.  pleistofloridemis  Insuffi- 
ciently differentiated  fiom  C.  adamanteus  to  Ix.-  rcxognized  as  a  valid  subspecies.  Auffenberg 
(1963.  p.  206)  believes  gif>anteus  also  of  questionable  status. 
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LOGAUTIES  AND  ACE  OF  FO8SIL8 

Brattstrom,  espedally  in  his  1954b  and  1964a  publicati<ms»  has  been  able  to  point 

out  previously  unrecognized  generic  and  sjKcific  differences  in  the  skulls  and  verte- 
brae of  the  crotah'ds.  1  his  has  permitted  tlu-  allocation  to  particular  species  of  some 
of  the  fossil  icniains  hitheiio  lUKbicrmined.  Thioiiirji  his  atliviiies.  as  well  as 
those  of  Auffcnbcrg  (1963),  Holman  (1958,  1959a,  19591),  1964),  and  Gehlbach 
(1965,  p.  56),  the  list  of  localities,  mostly  caves,  fissures,  mines,  quarries,  tar  pits, 
etc.,  where  identifiable  Pliocene,  Pleistocene,  and/or  Recent  fossils  have  been  di»> 
covered,  now  embraces  the  following  species  and  localities: 

Crotaltis  adamanteus  (existent  species) 
Florida 

Haile  I.  Haile  VII,  ATTendondo,  and  Wall  I.  Alachua  County.  Pletitocene  uid/or  Recent 

Melbourne,  Brevard  County.  Pleistocene  and  or  Recent 
Allen  Cave,  Lecanto,  and  Saber-tooth  Cave,  Citrus  County.  Pleistocene 
Itchtudumoe  Springs,  Cdtifflbia  County.  Pleistocene  and/or  Recent 
Bon  Terra  Farm,  Flagler  County.  Pleistocene  and^or  Recent 
Limerock  Mine.  Williston,  I.cvy  County.  Plcistotcne 

Reddick,  Eichelbergcr  Cave.  Florida  Lime  Pit  2,  Mef{ord  Ca\c,  and  Orange  Lake.  Marion 
County.  Pleistocene 

Seminole  Field.  Pinnelas  County.  Pleistocene 
Vero  Beach,  Saint  Liitie  County.  Pleistocene  and  or  Recent 
Crotalus  adamanteus  pleistofloridensis  (now  extinct) 
Florida 

Seminole.  Plndlas  County.  Late  Pleistocene 

Allen  Cave,  Lecanto,  Citnis  County.  Pleistocene 
2  miles  west  of  Melbourne.  Brevard  County.  Late  Pleistocene 
Veio  Beach,  Saint  Lude  County.  Late  Pleistocene 
Crotalus  ctrox 

Gypsum  Cave,  Clark  County.  Late  Pleistocene 
New  Mexico 

Shelter,  Conkling,  and  Fosberg  Caves,  Pyramid  Peak,  Organ  MounUins,  Dona  Ana  County. 
Pleistocene  or  Recent 

Texas 

Bulverde.  Bexar  County.  Middle  Pleistocene 
Friesenhahn  Ca\c,  Bexar  County.  Pleistocene 
Clear  Creek  and  Ben  Franklin.  Denton  County.  Pleistocene 
Crotaltts  giganteus  (now  extinct) 
Florida 

Allen  C.d\c.  Lecanto.  and  Sabrc  tooth  Cave,  Citrus  County.  Pleistocene 
Haile  Ml  and  Hornsby  Springs.  Alachua  County.  Pleistocene  and/or  Recent 
Eichelbergcr  Cave,  Marion  County.  Pleistocene  and/or  Recent 
Rock  Springs  Oraiige  County.  Pleistocene  and/or  Recent 
CrotahiS  horridus 
Arkaiuas 

Conard  Fissure,  near  Wlllcockson,  Newton  County.  Plcbtocene 
Georgia 

Ladd's  Lime  Kiln,  near  Cartenville,  Bartow  County.  Pleistocene 
Maryland 

Cumberland  Cave,  near  Cumberland,  Allegany  County.  Pleistocene 
Bushey  Cavern,  near  Cavetown,  Washington  County.  Pleistocene 

Massachusetts 

Near  Greenfield.  Franklin  County.  Late  Pleistocene  to  Recent 
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Pennsylvania 

Carlisle  Cave,  near  Carlisle  (?)  ,  Cumberland  Counly.  Pleistocene  to  Recent 
Port  Kennedy  Cave,  Montgomery  County.  Pleistocene 
Cave  ctepodt.  New  Bedford  County.  Pleiatoccnc 

Teniusst'c 

Big  Pigeon  River,  near  Newport,  Cocke  County.  Pleistocene 
Virginia 

Natural  Chimneyt.  Augusta  County.  Pleistocene 
Crotalus  le^vs  (tentative  identification  based  on  meager  material) 

Arizona 

Curtis  Ranch,  San  Pedro  Valley.  Coclu.se  County,  Upper  Pliocene 
Crotabu  mitehettU 
Nevada 

Gypsum  Ca\c,  chu  k  ("ountv.  Late  Pleistocene  to  Recent 
Crotalus  potlerensis  (now  extinct) 
California 

Potter  Creek  Cave,  Shasta  County.  Late  Pleistocene 

Crotalus  SCUtultttUS 
Mexico 

Zumpango,  Mteico  (state).  Pleistocene 
Crotalus  viridu 
California 

Rancho  La  Rrea  Asphalt  Pits,  Los  .Angeles  County.  Late  Pleistocene 
McKittrick  Asphalt  Pits.  Kern  County.  Late  Pleistocene 
Hawver  Cave,  F,l  Dorado  County.  Late  Pleistocene 
Potter  Cicck  Cave,  Shasta  County.  Late  Plcisioccnc  to  Recent 
Mescal  Cave.  Mescal  Range,  San  Bernardino  C^>uniy.  Late  Pleistocene 
Iowa 

Andrews  Stone  Quarry,  near  Sioux  City,  Woodbury  County.  Pleistocene 

Nebraska 

Driftwood  Creek,  Hitchcock  County.  (?)Lo\ver  Pliocene 
Nevada 

Gypsum  Cave.  Oark  County.  Late  Pleistocene  to  Recent 

sisiritrus  tniliorius 
Florida 

Limerocfc  Mine.  Willtston.  Levy  County.  Pleistocene 

Haile  I  and  Mailc  \'II.  Mjchua  County.  Pleistocene  and/or  Recent 
Reddick,  Marion  County.  Pleistocene 

Nearly  all  ol  these  deposits  occur  in  areas  iiihabiicd  by  ilic  buiiic  species  today. 

Florida  is  especially  prolific  in  fossil  remains  because  of  the  geological  a>nfomia* 
tion  of  some  of  the  sites  and  the  large  size  of  C.  adamanteus,  which  is  especially 
likely  to  have  left  persistent  records. 

Other  localities  where  undetermined  (as  to  species)  Crotalus  fossil  remains  have 
been  rcj)ortcd  arc:  New  River,  near  Ivanhoe,  Wythe  County,  Virginia  (Hay,  1928, 
p.  353:  \929.  p.  271:  Gilmorc.  1938.  p.  71)  ;  Mojave  Desi-rt.  C:alifornia  (J.  C.  Mer- 
riaiii  ill  lirvani,  H)29,  p.  IS)  ;  I't  rr>  r<jwnship  Ca\c.s,  Kianklin  County,  Ohio  (Ad- 
ler,  1961,  p.  3)  ;  and  Groesbeck  Creek,  Hardeman  County,  Texas  (Holman,  1964, 
p.  82) . 

NoNFOSsiL  Remains 

Samuel  Smith  (1765,  p.  504)  reported  the  discovery  of  some  "20  bushels"  of  snake 
bones  in  a  cave  near  Princeton,  New  Jersey.  Tluy  were  further  described  as  rattle- 
snake bones  by  J.  Green  (1821,  p.  85),  who  slated  they  had  been  discovered  in  1748. 
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But  these,  of  (oiirse,  are  to  be  considered  recent,  ratliet  than  tf)ssil,  remains;  tliey 
w  vvc  probably  o(  no  great  age  and,  indeed,  may  not  have  been  rattlesnake  bones  at 
all. 

ZOOGEOGR.APHV  AM)  FinLOGEXV 

As  one  becomes  acquainted  with  the  rattlesnakes,  and  especially  with  the  differ- 
ences in  form  and  pattern  that  cliaracterize  the  several  kinds,  there  follows  a  nat- 
ural (iiriosity  as  to  the  (Ii  i  i\  uions  and  chronology  of  these  difTerences.  What 

would  be  the  aj>|)earan(e  ol  (he  fimuativc  tree  of  historical  dt \ elopmcnt,  if  we 
could  leconstiutt  its  c\erv  hranth?  What  existing  loims  most  neaih  resemble  the 
aboriginal  ancestral  spec  it  s  tlial  was  the  sapling,  and  what  species  that  still  persist 
Inst  diverged  to  lorni  liie  lowest  branches? 

Of  one  thing  we  may  be  sure:  the  major  stems  as  we  view  them  today — the 
genera  Sistrums  and  Crotalus — ^branched  from  a  single  trunk.  Were  this  not  so, 
it  would  be  necessary  to  assume  that  the  rattle  was  developed  separately  in  each 
genus,  and  it  is  inconceivable  that  so  intricate  a  device  could  have  been  evolved 
twice.  And  the  same  reasoning  makes  it  evident  that  the  ancesti  al  form  was  plated 
on  the  crown  like  Sislrurus,  rather  than  multiple-staled  like  Crotfilns.  The  nine- 
platc  pattern  of  head  plates  must  ha\e  been  \  eiv  jjriniiiive  among  snakes  since  it 
is  characteristic  of  most  genera  in  the  \\ides])iead  ojjhidian  lamilies  (lolubridae 
and  tlapidae,  which  contprise  the  majority  of  the  snakes  in  every  continent.  The 
same  splitting  of  the  head  plates  that  characterizes  the  Sistrurus-Crotalm  transition, 
is  evident  in  the  nonrattle  branches  of  the  family  Crotalidae,  that  is,  in  Agkistrodon 
as  precursors  of  Bothrops  and  Trimeresurus.  Similarly,  in  the  family  Viperidae, 
there  remain  the  nine-plate  primitives  Caus)is  and  J :rm/o/u,  in  contradistinction 
tf)  such  genera  as  I'ipera,  i.<  his,  and  Bitis,  all  of  which  Iiavc  manv  irregular  scales 
on  the  crown.  It  is  not  ditlicult  to  visuali/c  how  these  nine-plate  [iattcrns  of  the 
ancestral  fcjrms  may  have  prolifeialed  into  the  bewildering  variations  of  stale 
arrangements  found  in  Crolalus,  Bothrops,  and  Bitis;  it  is  impossible  to  conceive 
of  the  reverse  process,  in  which  the  complicated  could  produce  the  simplified  in 
Sistrums,  Agkistrodon,  and  Caustis,  so  that  these  diverse  ancestries  not  only  could 
have  evolved  congruent,  nine-plate  crowns,  but  matched  those  of  the  colubrids 
and  elapids  as  well. 

AsiA  riC  PROGFXtlORS 

Belore  outlining  some  ol  the  morphological  characteristics  that  intiicate  the  rela- 
tionships between  the  kintis  ol  rattlesnakes  that  e-xisi  today,  it  is  advisable  to  discuss 
the  probable  genesis  of  the  group  as  a  whole  and  its  relationship  with  other  families 
of  snakes. 

The  rattlesnakes  belong  to  a  group  known  as  the  solenoglyphs,  which  is  charac- 
terized by  the  possession  of  fangs  attached  to  rotatable  maxillary  bones.  ^Vhen  not 
in  use,  the  fangs  lie  against  the  upper  jaw  along  the  roof  of  the  mouth;  when  they 
are  to  be  iisctl  for  Ijiting  or  striking,  eacli  ma\illar\  totates  so  that  the  attat  hetl  fang 
swings  tlou nuanl  anti  foi  waitl  until  its  base  is  ])erpemlit  ular  to  the  upper  jaw. 
This  met  hanism  permits  the  snake  tt)  have  unit  h  lt)ngei  antl  mt)re  deeply  jienctrat- 
ing  fangs  than  would  othei-wise  be  possible,  an  advantageous  feature  both  in  secur- 
ing prey  and  in  defense. 
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At  one  time  it  was  thouj^lit  that  the  solcnoglyphs  were  desceiuled  from  primitive 
opistlioglyphs  (snakes  with  non  ino\  able,  «>roovc(l  (an'^s  in  tlie  back,  of  the  mouth) 
as  was  siigg;estetl  by  H()ulen<;ti  I,  p.  '1:  ISIKl.  p.         .  Now  it  is  gener- 

allv  l)elie\e(l  thai  the  \iprr  aii(  e>t<)rs  weir  pi oi  ro^h  phs  (snakes  like  the  ( ()l)ras, 
with  fixed  or  iion-crecLile  iangs  at  the  Iront  of  the  upper  jaw)  which,  in  turn,  were 
derived  from  still  more  primitive  aglyphs  or  colubrids,  that  is.  harmless  snakes 
without  poison  glands  or  fangs.  This  line  of  descent,  i.e.,  agl)i}li-proteroglypii- 
solenoglyph,  has  been  accepted  by  several  recent  workers:  Bogert,  194S,  pp.  314- 
316;  Johnson,  1955.  p.  386;  1956,  p.  65;  Dowling,  1959,  p.  50;  Marx  and  Rabb,  1965, 
p.  198  This  consensus  has  been  based  on  studies  of  osieolooy,  muse  ulatine,  venoms, 
and  other  features.  A  few  herpeiolofrisis.  iiu  hiding  Haas  (1952,  p.  591)  and  Savage 
(1957,  p.  \C)'))  ,  still  (|nesli()n  this  line  ol  (h'stenl. 

Cioinin^  now  to  more  lesliiiletl  snake  (.ilej^oiies  within  tiie  soleno^lv phs,  most 
invcslif^ators  amce  that  the  V'ipeiidae  (the  true  vipers)  were  ancestral  to  the  (]ro- 
talidae  (the  pit  vipers) .  Indeed,  some  workers  show  this  conclusion  by  separating 
them  only  at  the  subfamily  level,  considering  the  subfamilies  Viperinae  and  Cro- 
talinae  as  divisions  of  the  more  inclusive  family  Viperidae.  The  differences  between 
the  two  seem  to  be  limited  to  the  heat-sensitive  loieal  j)it,  and  the  hollow  in  the 
maxillary  bone  tor  its  at eomniodaiion,  preseiu  in  the  crotalids  l)nt  absent  in  the 
vipeiitis.  Tlie  indications  ol  this  lelalioiisliip  have  been  dis(  ussed  by  lio^ei  t  (191.H, 
p.  315),  Joinison  (1955,  p.  :i.S(i:  ]95(..  p.  CO),  DoAvlino  (1959,  p.  50),  Brattstrora 
(1964a,  pp.  187,  222,  249.  255; ,  and  l  u.  James,  and  Chua  (1905,  p.  5) . 

Whatever  the  ancestral  line  that  gave  rise  to  the  Viperidae,  they  no  doubt  orig- 
inated in  Asia,  whence  the\  s])i  ead  into  Europe,  and  also  into  ATrica.  In  the  latter 
continent  they  diversified  into  many  species,  particularly  of  the  genus  Bitis,  a 
group,  several  of  which  are  large,  brightly  patterned,  and  dangerous  snakes.  The 
true  \  ipeis,  only  (ailed  "true"  to  distin<4uish  tlu  iii  from  the  "pit"  vipers,  never 
readied  th(  New  World,  at  least  none  has  been  found  in  tliat  hemisphere  either 
alive  or  as  fossils. 

American  Invasion 

The  offshoot  ol  tiie  true  vi|)ers,  the  |)it  vij)ers,  not  only  evoh  ed  and  left  dcscentiants 
in  Asia  where  the)  are  represented  today  by  the  widespread  genera  Agkistrodon 
and  Trimeresurus,  but  also  found  their  way  into  the  Americas.  This  eastward  inva* 
sion  is  not  to  be  viewed  as  an  island-hopping  expedition  via  the  Aleutians,  but 
rather  as  a  migration  by  way  of  a  broad  land  corridor  across  the  Bering  Sea,  a  bridge 
that  at  times  attained  a  width  of  at  least  1300  miles,  so  that  the  travelers,  including 
mammals,  birds,  and,  eventually,  man.  made  the  intei  continental  trip  without 
enrounferini^  any  ocean  hazard.  This  invasion  istlnnus  between  Asia  and  the  Amer- 
icas was  not  a  (ontinuoiis  one  in  point  of  time.  Dm  int;  se\eial  yeologit  eras  it  was 
both  established  and  reiniei rupied.  In  a  way,  the  words  in\asion  and  migration 
may  give  an  incorrect  impression  as  to  tlie  nature  of  the  crotalid  use  of  the  Bering 
bridge  from  Asia  to  America,  since,  from  these  words,  one  might  be  led  to  infer  a 
directional  or  purposeful  movement.  Actually  at  times  the  land  comprising  the 
bridge  had  such  favorable  qualities  of  climate,  protective  verdure,  and  food  supply 
that  the  pit  vijjers  merely  sjjread  into  the  bridge  ant!  o\  er  it  until  they  reached  the 
more  extensive  land  mass  of  tlie  Americas,  into  whidi  liiey  dispersed  eastward  and 
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soutliwartl.  Tilu  ii  (1^)0  I.  p.  27'?)  relers  to  this  tavoi  .il)le  situation  as  an  iinoa  iij)icd 
"vciionioiis  snake  ailaj)tivc  /one"  without  competitors,  which  would  expedite  both 
invasion  and  divcrsilication. 

The  snakes,  of  course,  were  not  the  only  travelers  coming  out  of  Asia  into  the 
Americas.  Not  only  were  there  other  reptiles*  but,  more  conspicuously,  an  amazing 
diversity  of  mammals,  many  lai^  and  of  strange  conformations,  strange  because 
they  have  since  become  extinct  without  living  descendants.  But  their  fossil  record 
is  clear  and  extensive. 

The  anrestral  crotalids  |)rol)al)Iv  (K  \  t  in  Asia  thnin,<;  thr  Creiaceous  and 

evidenth  (  rossed  into  Xotili  Amciica  timing  the  Ko(cne.  One  ot  tlic  invaders  must 
lia\e  been  a  snake  sonu  u  liai  i  c  si-iiiblinj^  tlie  ,u;t-niis  .1  ■^kislrodon  ol  to{Ia\ ;  at  least  it 
was  a  pit  viper  ami  had  a  nine-plale  crown,  as  shown  by  its  present  descendants  in 
both  Asia  and  America.  But  because  we  have  no  rattlesnake  fossils  antedating  tlie 
Pliocene,  and  as  the  rattlesnakes  reach  their  greatest  diversity  of  form  in  Mexico, 
there  is  a  gap,  both  territorial  and  chronological,  in  our  knowledge  of  the  transition 
between  the  arrival  of  the  primitive  Agkistrodon  in  America  and  the  proliferation 
of  its  descendants  into  the  many  rattlesnake  species  that  we  know  today. 

Historical  CRrrERiA 

Since  die  fossil  rattlesnake  record  is  so  meager,  die  historical  study  ot  raillcsnakc 
evolution  and  dispersion  is  dependent  on  knowledge  of  conditions  in  the  past 
assembled  from  records  of  other  animals,  and  knowledge  of  the  present  based  on 
the  rattlesnakes  themselves.  Factors  of  the  past  include  such  criteria  or  effects  as 
known  topographic  and  climatic  changes  as  determined  from  the  paleontology  of 
other  groups  of  organisms,  both  animal  and  vegetable.  These  ser\'e  as  indicators  of 
the  major  forces  allectin^  the  evoliiiion  atid  dispersion  of  the  rattlesnakes,  especi- 
ally climate  and  its  com|>onents— altitude,  tempo ature.  and  vegetation— and  their 
proijable  elieets  on  subsecjiient  a\enut:s  ol  inniugiation  ami  emigration.  .All  of 
these  factors  and  their  presumed  impacts  on  rattlesnake  development  are  based 
largely  on  studies  of  the  biogeography  of  other  organisms  which  left  adequate  fos- 
sil records,  for  we  may  correlate  their  evolution  and  dispersal  as  indicators  of  what 
probably  happened  to  the  rattlesnakes  coexisting  with  them.  By  the  Pliocene  the 
ancestral  Agkistrodon  had  already  evolved  rattlesnake  siiec  ies  not  greatly  <lifferent 
from  existent  forms. 

The  histoiical  implit  at  ions  nu)!\'  (hv-ttly  derived  Trom  th"  rattlesnakes  ihrin- 
selves  are  based  on  studies  of  two  classes  ol  ( riteria:  first  the  geography  and  ecology 
of  the  existent  species;  and  secondly  on  ih  •  indit  aiions  ol  the  relationships  between 
these  species  as  shown* by  their  characteristics— their  likenesses  and  dissimilarities. 

So  we  see  that  studies  of  rattlesnake  zoogeography  are  based  on  extra-  and  intra- 
rattlesnake  history.  Of  tlie  extra-  (outside  rattlesnake)  factors  1  have  made  no  inde- 
pendent study,  but  have  been  guided  by  tlie  researches  of  others  in  these  fields  and 
their  probable  application  to  rattlesnake  histoid.  The  intra-factors  and  effects 
have  been  derived  largely  from  my  own  studies  ol  existent  i attlesnakes,  and  the 
indications  ot  iclaiionshijjs  derivt-d  lioni  the  piivsic  al  (  hai  ac  ic  i  isii(  s  and  e(C)log\  of 
the  liv  ing  spec  ies.  However,  for  osieological  criteria  1  have  leaned  heavily  on  Hratt- 
strom  (1964a);  and  for  geological  interpretations  on  several  of  the  leceiii  authors 
whose  works  are  listed  at  the  conclusion  of  this  section. 
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Today  i nth  sii  iko  (x  t  in  lioni  southern  Canada  to  central  Argentina  and  in- 
habit higlily  (livdsilicd  ctolo.t'ital  sunoiindinj^s.  They  are  most  jircvalcnt,  as  may 
be  judged  Irom  the  nunil)i'is  ol  tliltciem  subspec  ies  (and  probably  of  individuals 
as  well)  in  scmiarid  aicasand  in  sul)t i opii  a!  /ones.  In  the  United  Slates  the  greatest 
number  oi  iornis  occurs  in  Arizona,  with  about  17  species  and  subspecies,  tollowed 
by  New  Mexico  with  12,  and  California  with  10.  And  in  these  stales,  all  of  whidi 
have  highly  diverse  climates  and  vegetation,  the  rattlesnakes  tend  to  be  concen- 
trated in  the  drier  sections.  Yet  the  diversity  of  forms  foimd  in  these  states  is  not 
only  high  because  they  contain  arid  aieas,  but  also  because  they  are  mountainous, 
for  some  of  the  subspecies  are  dearly  relict  populations  now  restricted  to  moun- 
tains, where  they  remain  as  remnants  ol  lonnciK  more  widespread  populations 
that  iiiliabited  areas  once  having  climates  and  .sunoumlings  like  those  of  their 
mountain  habitats  ol  today. 

One  sale  assumption  as  to  the  leatures  and  line  of  descent  tiiat  characterized  the 
earliest  rattlesnakes  relates  to  the  rattle  itself.  As  is  discussed  subsequently  in  a  con- 
sideration of  the  genesis  of  the  rattle,  we  visualize,  first,  a  modification  in  the  con- 
ical scale  terminating  the  tail  of  some  early  crotalid,  with  a  likeness,  possibly,  to 
Larhesis  ot  today,  whereby  successive  sheddings  were  retained.  Regardless  of  the 
mechanical  details  of  how  the  earlier  cones  slipped  bac  kward  in  relation  to  thelater 
ones,  yet  remained  attached,  it  is  c\ideni  that  the  first  rattles  were  formed  as  small 
(ones  on  a  shatp-tailed  snake.  Heiuc  small  rattles  and  a  ielati\el\  loni^  tail  ate  to 
i)e  consukicd  primitive.  With  the  long  tail,  the  primiti\t"  raiilir  also  had  mote 
subcaudal  scales  than  most  of  its  descendants  of  today.  I'hub  tliere  are  strong  indi- 
cations that  the  ancestral  rattkr  had  some  of  the  characters  of  the  existing  Sistnmts 
miliarius,  although  it  need  not  have  been,  and  probably  was  not,  so  small  a  snake. 
For  the  theory  of  the  evolution  of  the  rattle  that  involves  the  protection  of  the  snake 
from  being  tramph d  l)y  primitive  hoofed  animals  requires  a  more  dangerous  snake 
with  longer  fangs  than  miliariits. 

One  problem,  in  a  phyletic  sin\ey  of  this  kind,  especially  where  the  h)8sil  evi- 
dence  is  meagei,  is  to  Avei^li  the  relative  stability  of  diaiadcis,  loi  those  that  are 
stable  and  persistent  are  obviously  the  most  intportant  ni  indicating  derivations. 
Different  characters  are  often  conflicting  in  their  indications  of  relationships;  the 
subspecies  A  may  appear  to  be  more  closely  related  to  B  than  to  C  based  on  one 
character,  but  it  may  seem  nearer  to  C  than  B  based  on  another.  We  judge  the 
comparative  values  of  these  characters  from  studies  of  intraspeciftc  variations  in 
existing  species,  especially  those  in  which,  because  of  extensive  territorial  ranges, 
phcnotypir  di\ei genres  have  developed.  Ii\  sudi  means,  we  learn  that  ost( ological 
chai  a(  lei  s  aie  relati\ely  stable,  folhnvi  il,  in  the  ordei  of  (oiislaiuv,  bv  anatomical 
chaiacters  (e.g.,  lungs  and  hemipenes),  head  and  tail  j)i ojyortionalities,  and  rattle 
shape  and  dimensions.  Then  come  the  useful  characters  »£  squamation — the  most 
attractive  to  the  taxonomist  because  they  are  so  easily  evaluated,  but  with  evidences 
of  a  considerable  mutability.  They  are  correlated  with  body  size,  in  itself  a  pheno- 
typic  character.  This  correlation  is  not  only  e\'idcnt  in  the  numbers  of  such  scales 
as  the  labials  and  ventrals,  but  may  even  be  the  cause  of  certain  peculiarities  of 
scale  arrangement,  as,  for  example,  the  lorcal-siipi  .dabial  contact  in  C.  into  fnedius. 
Finally,  we  have  the  most  jjlastic  characters  of  all — those  of  color  and  j)attern. 

Conclusions  may  best  be  drawn  respecting  relationships  if  both  similarities  and 
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dissimilarities  arc  noted;  both  should  be  available.  Such  similarities  as  are  uni- 
formly characteristif  of  all  the  species  of  a  f;rouj3,  afford  no  criteria  to  aid  in  the 
sol  ting  process,  Inu  similarities  in  subgroups  are  strongly  indicative  of  origins. 
And  the  dissiniilaiiiies — the  divergences— arc  equally  iniporiant,  particularly  the 
di\  crgences  from  a  generic  mode.  But  always  we  must  coimder  the  possibilities  of 
reversions,  of  degeneration,  and  likewise  of  fortuitous  parallelisms.  An  example 
of  the  latter  is  the  divided  first  infralabial  scales  of  C.  d.  tzabcan  and  C.  r.  ruber. 
Certainly  this  character  does  not  indicate  a  closer  relationship  between  these  two 
than  that  between  any  members  of  the  durisstts  and  atrox  groups. 

I'nfortunately,  pairs  or  trios  of  species  characterized  by  parallel  divergences 
from  the  lattlesnake  mode  are  less  prevalent  than  indi\iclual  sjK-cies  idiosyncrasies. 
I  hc  foiiner  are  highly  pertinent  indicators  of  relationships;  the  latter  are  largely 
restricted  to  use  as  tools  for  identification.  Of  the  latter  there  are  examples  to  be 
found  in  almost  every  category  of  morphology:  in  cranial  osteology,  the  shape  of 
the  ectopterygoid  in  tortugensis;  in  hemipenes,  the  smooth  shaft  of  stejnegeri; 
in  venom,  the  extreme  neurotoxic  effects  of  terrificus  poison;  in  body  proportions, 
the  long  head  of  polystictus  and  the  long  tail  of  stejnegeri;  in  pattern,  the  neck 
stripes  of  durissns:  and,  in  squamation  (where  individualized  species  differences 
are  most  jjicniiful),  tfie  pointed  supraoculars  of  (frastrs.  the  ridged  (anthals  in 
willardi,  .ind  many  others.  Fortunately,  useful  giouj)  dneigenc  c  s  aic  aNo  available 
to  an  important  degree:  in  cranial  osteology  the  absence  of  palatine  teeth  in 
stejnegeri  and  polystictus;  the  presence  of  rudimentary  left  lungs  in  dunssus,  basil- 
iscus,  molossus,  and  horridus;  the  attenuated  hemipenes  of  adamanteus,  atrox, 
ruber,  and  tortugensis;  the  similar  rattle-growth  equations  of  durissus,  basiliscus, 
enyo,  and  cerastes;  the  head  proportions  of  tigris  and  m.  mitckellii;  and  the  nine- 
plate  crowns  of  catenatus,  miUarius,  and  ravus.  These  are  some  of  the  many  rela* 
tionship  indicators  upon  which  a  family  tree  niav  be  predicated. 

Little  is  to  be  gained,  as  fai  as  (hronodim  s  aie  com enud,  iioni  the  lossil  mate- 
rial thus  far  available.  1  he  three  extinct  tonus  that  lirailhtrom  has  described 
indicate  a  decrease  in  size  of  some  species  since  the  Pleistocene — C.  potterensis  was 
somewhat  larger  than  is  C.  v.  oreganus  today;  C.  adamanteus  pleistofloridensis  was 
larger  than  is  its  Recent  congener;  and  C.  giganteus  was  far  larger  than  any  existing 
ratUesnake.  But  we  may  seriously  doubt  that  large  size  is  a  primitive  character 
among  rattlesnakes.  Island  forms  today  are  witnesses  to  the  phcnotypic  character 
of  size.  Had  the  first  rattlers  been  very  large,  it  is  doubtful  that  thev  wtudd  have 
adhered  to  the  nine-plate  crown',  or  that  any  of  tlieir  smaller  descendants  would 
have  reverted  to  it. 

NmtfENCLATURE  AND  GROUPING 

In  Chapter  2  of  this  work  I  developed  a  series  of  checklists  and  keys  to  facilitate  the 
identification  of  the  species  and  subspecies  of  rattlesnakes.  This  involved  the  prin> 
ciples  of  taxonomy  and  nomenclature— principles  that  follow  certain  rules  whereby 

the  technical  names  applied  to  the  several  kintN  ol  creatures  that  comprise  any 
animal  group  may  ha\e  siabiUly  and  c onsistcnc a  in  ai)pli(  atiou.  Xaming  things  is 
a  matter  of  definite  piac tical  value;  it  produces  a  basis  wliereby  knowledge  of  the 
animals  and  their  activities  is  so  segregated  and  unified  that  different  workers  may 
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apply  their  observations  to  the  same  creature  and  hence  broaden  our  understand- 
ing of  that  creature.  Matters  of  a  real  practical  nature  may  be  involved;  for  ex- 
ample,  the  several  kinds  of  rattlesnakes  differ  in  the  toxic  ity  of  their  venoms,  and  a 
recognition  of  the  kind  of  rattler  involved  in  a  snake-bite  ac  c  idem  may  be  of  major 
importaiK  (•  in  detf rniinin<^  the  l)est  nietiiod  of  treatment  to  f)t'  nlfoidcd  the  victim. 

One  oi  ihc  early  expedients  in  a  study  ol  phylogeny  and  /()<j^coi>raj)hy  is  the  tail 
tliat  we  are  not  restricted  solely  to  a  ( onsidcration  oi  branches  in  the  family  tree 
that  are  distinguished  by  named  groups,  that  is.  to  genera,  species,  or  subspecies. 
On  the  contrary,  the  very  nature  of  our  inquir)— the  picture  of  the  family  tree  and 
its  several  branches—requires  the  consideration  of  groups,  particularly  aggr^tions 
of  species,  that  are  not  segregated  by  any  name  under  the  rules  of  nomenclature. 
These  groups,  and  particidarly  the  similarity  of  characters  that  justify  their  recog- 
nition, are  found  especially  fruitful  in  the  development  of  the  kind  of  family  tree 
that  we  are  seeking. 

DlFF£R£.\TlAL  CHARACTERS 

Species  differences  are  rarely  so  sharply  defined  or  limited  in  a]>plication  that  there 
is  little  or  no  overlapj^ing.  It  is  usual  that  some  feature  of  a  characteristic  that  dis- 
tinguishes a  species  will  be  present  in  a  few  specimens  of  closely  related  species;  the 

degree  of  this  overlapping  will  often  vci  ify  relationships.  Such  relationships  are  of 
value  in  tracing  derivations,  pai  ticularly  in  problems  of  /.odgeography. 

Certain  trends,  apparently,  o{  phenotypir  origin,  are  evident  amonjr  the  rattlers, 
particular!}  in  si/e  and  pattern.  Tlie  larll^est  spec  ies  arc  lowland  forms.  Composite 
color  \alucs  dejientl  on  plant  co\er  and  bat  kground.  Virtualh  all  montane  loi ms 
are  small  and  dark.  .At  similar  altitudes,  the  more  prevalent  the  rainfall  and  the 
denser  the  shrubbery,  the  darker  are  the  indigenous  rattlers.  Dammann  (1961,  p. 
48)  has  shown  that  procrypsis  is  probably  more  important  than  relative  heat  ab- 
sorption in  determining  body  color,  as  1  once  judged  to  be  the  case  by  noting  ex- 
amples in  which  the  two  desirable  results  wouhl  have  had  divergent  effects  (1939a, 
p.  65)  and  procrypsis  became  dominant. 

In  working  out  these  relationships  we  have  an  almost  embarrassin<^r  varietv  of 
(  h;n  a(  terist  irs  to  evaluate;  not  onlv  must  we  draw  eondusions  as  to  tlieir  relative 
nuporiaiH (■  in  tlie  study,  but  soinetinus  s(:|).iiaie  cliaiacters  may  give  conflicting 
results  and  we  must  .sclec  t  the  ones  that  seem  paramount. 

In  this  phylctic  study,  the  following  characters  have  been  enlisted:  cranial 
osteology  (including  teeth),  vertebral  osteology,  body  size,  head  and  tail  pio{K)r- 
tions,  the  rattle  (its  form  and  unit  growth),  hemipenes,  lungs,  venom,  squamation, 
color  and  pattern,  ecolc^ical  preferences,  and  geographic  range.  For  the  osteo- 
logical  characteristics,  I  have  been  dependent  on  the  recent  important  work  of 

B.  H.  Brattstrom  ( 1 9(")4a) .  The  otlier  characters  are  discussed  in  some  detail  in  later 
chapters  oj  this  Ijook. 

The  model  11  de\iti  s  lOi  (ompaiini^  and  esial)lishin<;  likenesses  and  relationships 
of  organic  com|)ountls  by  the  methods  ol  elet  troplioresis  and  t  In omato^i  ajjliy  will, 
in  the  future,  solve  many  phyletic  problems  of  snakes,  including  rattlesnakes.  Al- 
ready results  are  beginning  to  a}:>]:>ear,  as  will  be  noted  in  the  following  references: 
(I)  based  on  hlood,  Cohen,  1951, 1954,  1955;  Dessauer  and  Fox,  1956,  1958,  1964; 
Dessauer,  Fox,  and  Ramirez,  1957;  Dessauer,  Fox,  and  Harting,  1962;  Dessauer, 
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Fox,  and  Pough,  1962:  and  (2)  based  on  rrvom,  Boman  and  Kaletta,  1957;  Gitter, 
Kocln\;i,  dc  \'rirs,  .iiul  I  .el  (kowit/.  Ciarcia  Lope/  and  Sander  Montilla, 

19fi2:  f iniene/-Poi  1  a^,  1961;  and  I.c\  iton,  Myers,  and  Grunbaiini,  196-1. 

Anotlu  I  an.ihtic  inctluHl  that  may  prove  useful  in  pliylo^cny  is  the  dctciniina- 
tion  ot  microscopic  dilfcrences  in  tlie  stratum  corneum  ol  the  skin  by  the  process 
suggested  by  Hoge  and  Santos  (1953,  p.  410). 

S()r  AMATION 

Juilging  from  its  use  in  dassif i(  aiion  and  esj>ei  iall\  in  keys  for  idt'iitifieation,  sqiia- 
mation.  that  is,  the  arran<^{  ineiits,  (()nta<  ts,  and  nmnbci  s  of  vat  ions  s<  ale  ^loups,  is 
a  most  useful  de\  iie.  1  he  (Iiaracteis  tlo  sullci  ironi  some  intei spec  il ic  \arial)ilily 
whereby  deviants  aie  not  pai  iit  ulaily  unusual;  nc\eiiheless  when  species  or  sub- 
species are  viewed  as  a  gi  oup,  there  is  often  a  surprising  consistency  in  such  char- 
acters. 

Although,  from  the  peculiar  characters  of  the  Mexican  forms  of  today,  their 
original  derivations  and  relationsliips  are  by  no  means  clear,  yet  some  forms  do 
show  indicatory  tendencies.  This  is  particularly  e\'ident  in  the  breakup  of  the  scales 

in  the  prefrontal  and  ftontal  areas,  A  ch'stinct  |)hyl()i;eneiic  pattern  is  evident  in  the 
transition  between  the  niue-platf  i  rown  ol  Sistrtiriis  .md  the  niuli iple-s(  aled  ciown 
of  Crotalus;  anil,  although  some  of  the  steps  in  this  e\olution  ate  no  longer  present 
in  any  living  species,  the  nature  and  direction  of  the  change  may  be  deduced. 

First  the  parietals  were  subdivided;  no  ]ji  esent  species  of  Crotalus  retains  a  pair 
of  parietals  resembling  those  of  Sistrurus.  The  nearest  remnant  in  a  modem  rattler 
is  the  crescentic  pair  of  scales  in  C.  scutulatus  that  border  the  supraoculars  inwardly 
and  posteriorly  (fig.  2: 110) . 

An  undivided  frontal  is  not  characteristic  of  any  species  of  Crotalus  today;  the 
scales  of  this  area  are  di\  ided  into  two  or  more  scales  between  supraoculars  (fig. 
2:l.'in)  and  they  aic  slioiicned  as  well,  (^outuiuiii^  loiward  to  the  |)rt  h()nla!  aiea, 
ills  found  that  this  alone  letains  in  some  modern  species  the  original  lontoiinaiion 
of  5ti<nirti5,  namely,  a  pair  of  internasals  followed  by  a  pah  of  prefrontals,  although 
relatively  reduced  in  size. 

From  the  phylogenetic  standpoint  one  of  the  most  important  group  characteris* 
tics  is  the  fin  thei  subdivision  of  these  intemasal-prefrontal  scales.  Not  only  is  this 
subdivisi(Hi  increasingly  evident  in  groups  from  south  to  north  but  it  is  also  present 

within  species.  It  is  evident  in  the  transition  from  C.  ninlosstis  yiigrcs( ens  to  m. 
molossiis,  from  snh'irii  to  srtdiihitus,  horn  (hirissiis  to  ( }ilmnintns,  and  within  Icp- 
idus.  Chara(  teristic  .illv,  most  Mexitan  rattlers  have  (ewci  st  ales  on  the  snout  than 
species  inhabiting  the  United  States,  ot  which  alrox,  liorridus,  viridis,  and  their 
subspecies  and  relatives  may  be  considered  typical. 

The  overlapping  of  specific  anomalies  is  often  useful  in  si^;gesting  relationships. 
A  few  examples  of  this  type  of  relationship-indicator  are  the  following: 

A  vertical  division  in  the  upper  preocidar  is  an  almost  universal  ( haiacieristic  of 
C.  If  pi  d  us.  Not  only  is  the  split  evident  but  the  anterior  half  of  the  split  scale  is 
exieiuled  over  the  canthus  in  front  ot  the  supraocular  (fig.  2:9 1) .  In  Icpidiis  this  is 
an  almost  univei  sal  chaiac  ietistit ;  it  failed  in  only  three  pet  cent  of  ihiee  hundred 
specimens  examined.  Except  in  mitchcllti  (characterized  by  the  subdivision  of 
many  usually  entire  head  scales)  this  lepidus  preocular  division  is  absent  in  most 
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other  rattlesnakes.  However,  it  is  occasionally  evident  in  the  species  most  nearly 
related  to  Icpidus,  namely,  Iriseriatus  and  pricei.  This  characteristic  is  c\  iclcnt  in 
about  a  quarter  of  the  northerly  specimens  of  iriseriatus  (subspecies  aquilus) .  It  is 
less  frequent  in  pricei. 

The  contact  of  the  anterior  subocular  with  the  labials  is  a  group  indicator  of 
some  value.  It  is  evident  only  in  the  smaller  mountain  species  of  Mexico;  the  con- 
tact is  with  the  fourth  and  fifth  supralabials  in  Iriseriatus  (including  the  subspecies 
aquilus),  in  polystictus,  and  pustUusi  the  contact  is  with  the  third  and  fourth  supra- 
labials in  the  intermedius  subspecies  and  in  pricei.  The  subocular-supralabial  con- 
tact may  be  present,  but  is  rather  unusual  in  tigris  and  in  lepidus,  especially  in  the 
subspecies  klaubcri.  The  contact  is  noted  in  Sistrurus,  as  might  be  expected  in 
smaller  rattlesnakes.  It  is  never  present  in  the  lari^ri-  s])C(  ics  of  rattlesnake,  where 
the  space  between  the  lorcal  and  the  supralabials  is  too  wide  to  peniiit  (ontact. 

Althougli  we  have  no  fossil  rattlesnake  remains  antedating  tlic  Pliocene,  this  is 
only  because  such  fossils  rarely  persist  by  reason  of  their  fragility.  We  may  assume 
that  during,  or,  more  probably,  before  that  era,  tlie  Agkistrodon-Lachesis-^istru- 
rus-<!rotalus  transformation  was  already  past  its  early  sts^s  and  that  a  diversity  of 
rattlesnake  types  had  already  evolved  and  had  traveled  at  least  as  far  as  Mexico. 
Their  subsequent  character  variations  and  territoi  ial  dispersions  indicate  the  prob- 
ability of  their  existence  din  ing  the  Tertiary  from  tlie  F.ocene  onward.  Hrattstrom 
(I'JGla,  p.  250)  pictures  them  as  developing  and  spreading  in  North  America  thir- 
ing  ilie  ()Iigo( cnc-Miocene.  ^>uch  fossil  croialiils  as  ha\e  l)cen  available  indicate 
that  many  of  tlie  present  species  had  diversified  and  readied  their  present  ranges 
by  the  Middle  or  Late  Pliocene.  The  extinct  ancestors  of  C.  adamanteus,  for  ex- 
ample, were  already  present  in  Florida  in  the  Pleistocene,  if  not  before. 

It  was  during  the  Pleistocene  that  climatic  fluctuations  incident  to  the  glacial 
extensions  and  retreats  greatly  influenced  crotalid  history,  forcing  southerly  migra- 
tions followed  by  shorter  northerly  returns,  both  c<Mnbined  with  species  differenti- 
ations. We  see  the  results  tcxiay  in  tlie  .Mexican  montane  forms,  small  in  size  and 
dark  in  color,  but  now  segregated  into  sc|)arate  spec  ies  and  subspecies  that  still 
show  their  common  derivations  by  the  retention  of  joint  peculiarities. 

Species  Relationships  and  Origins 

Having  discussed  certain  zodgeographic  generalities  with  regard  to  tlie  spread  and 
development  of  the  existing  species  of  rattlesnakes,  I  sliall  now  consider  the  prob- 
able derivations  of  particular  species  and  tlieir  group  interrelationships.  Also  the 
sourcesof  the  crotalid  fauna  of  Baja  CaHfornia  and  the  forms  found  on  the  Gulf  of 
California  islands  will  be  mentioned.  This  is  of  interest  widl  respect  to  the  effect  of 
island  life  on  rattler  development. 

ZodCEOCRAPHY  AND  Phyloceny  OF  Sistrurus 

Although  considerable  variability  is  shown  in  rattlesnake  head  scales,  particularly 
those  in  Crotalus  that  entail  the  area  of  the  nine-plate  crown  of  Sistrurus,  certain 
general  tendencies  are  obvious  and  important.  Despite  the  fact  that  an  occasional 
specimen  of  Sistrurus,  particularly  of  S.  ravus,  may  have  one  or  more  sutures  in  the 
frontal  or  the  parietal  scales,  yet  tliere  is  never  a  real  cjuestion  as  to  whether  the 
aberrant  specimen  should  be  assigned  to  Sistrurus  or  Crotalus;  there  is  no  full  inter- 
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gradation  between  the  two.  It  is  for  this  reason  that  1  |)relcr  not  to  lollow  Hratt- 
strom  (UK)  hi,  \).  250)  in  assi^nint;  Sislruriis  to  a  siihgenerii  status  iinck^r  C.rotdhis. 
1  do  not  cjuestion  ilic  anccsLral  posiiiun  of  Sislrurii.s  with  respctt  to  Crotalus,  yet 
the  separation  remains. 

SistruruSj  obviously  primitive,  has  been  subject  to  much  less  elaboration  than 
Crotalus,  since  only  three  species  are  presently  extant,  compared  to  about  27  in  the 
case  of  its  more  varied  and  diversified  relative.  Desjiite  the  seeming  plasticity  in  the 
scutellation  of  the  Crotalus  crown,  tliere  are  certain  indications  in  respect  to  the 
direction  of  this  variahihtv  tliat  arc  of  iniportaiKe  from  the  standpoint  of  y;roup 
rchitionships  in  botii  ph\loL;i  ii\  and  /oot^t  ()i;ra|)h\ .  I  his  is  |)ai  ti(  idai  1\  ti  iu-  with 
respect  to  tlie  directional  deviation  from  the  basic  nine-scale  crown  of  Sistrurus. 

As  to  Sistrurus  itself,  6".  ravus,  the  most  primitive  species,  now  retains  only  a  small 
range  in  the  mountains  of  southern  Mexico.  Of  the  other  two  species,  miliarius  was 
one  of  the  rattlesnakes  that  returned  to  the  United  States  via  northeastern  Mexico 
when  appropriate  climatic  conditions  developed  during  the  Miocene  and  Pliocene, 
after  which  it  developed  into  three  subspecies  alcmg  the  gulf  coast  fiom  Texas  via 
Florida  into  the  Clarolinas.  It  is  intereslin"  to  note  that,  in  Crotalus  adauiantrus 
and  Sistrurus  militirius  barhouri .  pcninsidai  I'lot  ida  has  proved  a  satisfactory  habi- 
tat for  botli  the  largest  and  one  of  the  smallest  of  rattlesnake  species. 

Sisirurui  catcnalus,  a  more  recently  developed  species  tlian  either  of  its  congeners, 
probably  entered  the  United  States  from  central  Mexico  later  than  miliarius.  Its 
subsequent  route  across  the  plains,  following  available  marshes  to  an  ultimate  ter* 
minus  in  western  Pennsylvania  and  New  York,  evidently  traversed  a  corridor,  as 
suggested  by  Schmidt  (1038,  p.  400)  during  suitable  climatic  intervals  of  the  Pleis- 
tocene. But  even  before  the  advent  of  the  white  man  suitable  marshlands  were  dis- 
appearing; and,  with  increased  as^ric  ultuie  and  diainage,  the  areas  appiojiriate  to 
S.  c.  catcnatus  were  sharply  cuil.iilcd.  In  the  west  ihr  subspecies  S'.  c.  Icr'^i  m  inus 
and  S.  c.  cdioardsii  have  become  adapted  to  drier  areas  and  arc  surviving,  but  usu- 
ally in  small  scattered  populations. 

ZodCEOCRAPHY  AND  PhYLOGENY  OF  CtOtaluS 

As  to  Crotalus,  both  the  character  and  the  degree  of  variability  of  the  present  spe- 
cies indicate  that  Mexico  was  the  developmental  center,  and  that  the  }>rescnt  spe- 
cie^ which  dominate  the  rattlers  found  in  the  United  States,  with  possibly  one  or 

two  exceptions,  do  not  indicate  that  they  rejireseni  //(  situ  developments  along  the 
southbound  invasion  loute,  I)ul  ratliei  a  reinxasion  of  lalei  lornis  from  tlu'  south. 
Indeed  one  of  the  most  im|)oriani  of  the  existent  rattlesnakes  (Crotalus  durissus) 
indicates,  in  the  variability  of  its  present  peripheral  subspecies  in  Mexico,  that  its 
modem  components  comprise  a  reinvasion  from  still  farther  south;  if  not  from 
South  America  during  one  of  the  periods  when  the  Panamanian  gap  was  closed,  at 
least  from  Central  America. 

By  their  variety  and  their  deviations  from  the  rattlesnake  mode,  one  would  nat- 
urally \  isuali/e  (  eniral  Mexico  ;is  tlie  (enter  of  tlispersal  ol  the  rattlesnakes  as  tliey 
exist  today,  botli  ten  itoi  ialh  and  in  t  harac  ter.  T  he  more  southerlv  deri\  ati\es  have 
various  characteristics  in  common,  likenesses  in  osteology,  stpiam.iiion,  venoni  qual- 
ity, and  pattern.  The  species  concerned,  at  least  to  some  ilegi  ec,  are  durissus,  basil- 
iscus,  molossus,  and  sattulatus.  As  1  have  already  pointed  out,  all  show  by  the  trends 
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in  the  splitting  of  their  prefrontal  scales,  a  migration  from  south  to  nortli. 

A  South  American  invasion  produced  an  incursion  of  tcrrificus  and  other  south- 
erly subspecies  of  Crotahts  durissus.  Ootalids  prohabh  were  eai  Iv  Koccne  entrants 
into  Soutli  America.  As  the  non-rattlesnakc  <rotaH<l  i^ciius  Hnthrops  clilierentiaied 
in  Central  and  South  America  to  a  greater  degree  than  chd  Crotalus,  it  may  have 
been  an  earlier  invader  of  the  southern  continent  than  Crotalus,  which  therefore, 
in  the  subsequent  competition,  gave  Bothrops  a  pioneer's  advantage.  At  least  Both- 
rops  differentiated  more  widely  and  utilized  a  more  diversified  ecology  in  South 
America  than  did  Crotalus,  while  the  contrary  was  true  in  Mexico.  Since  the  Pana- 
manian  bridge  was  both  established  and  reinterrupted  during  several  geologic  eras, 
Crotalus  may  have  crossed  into  the  soiuherly  continent  at  a  later  tiine  than  Both- 
raps.  Schmidt  (1913,  p.  250)  lias  stated  tliat  tlie  interi  ui)iion  ot  the  Panamanian 
roiUe  continued  into  the  Mid-  l  ei  tiai  y,  to  be  lolloweil  by  its  later  re-establishnient. 

C.  durissus  is  natch  the  most  widespread  of  the  southern  rattlesnakes.  Even 
though  originating  in  Mexico  or  Central  America,  whence  it  invaded  South  Amer- 
ica, its  most  recent  migration  has  been  northward,  since  the  species  on  the  northern 
fringe  of  its  present  range  are  clearly  derivative.  The  history  of  this  species  still 
entails  many  dou1)tru1  elements,  and  its  differentiation  in  South  America  contains 
many  uncertainties  (see  footnote  7,  chapter  2) . 

C.  basilisf  us  of  'western  NTexico  (including  C.  h.  oaxnrus)  has  a  fairly  close  affin- 
ity with  C.  durissus,  as  shown  by  its  tubcrculated  scales  and  vertebral  ridge,  al- 
though it  has  almost  lost  tiie  tliaracteristic  paravertebral  stripes  of  durissus. 

The  relationship  of  molossus  with  basUiscus  also  requires  further  research.  It  is 
not  even  known  whether  the  ranges  of  the  two  species  actually  overlap  in  Sonora  or 
whether  there  is  a  gap  between  them.  As  their  populations  approach  each  other, 
some  of  the  characters  that  sharply  separate  the  two  species,  based  on  specimens  at 
their  centers  of  distribution,  tend  to  be  somewhat  less  sharply  separated.  However, 
that  is  not  true  of  their  hemipenial  diaracters,  wliich  remain  omsistently  different 

throu<;hout  tiieii  langes. 

C.  S(  utuhitus  also  shows  c  ei  tain  durissus  affinities.  Its  \  enom,  aj)parently  the  most 
toxic  ol  that  ol  any  Nearctic  rattlesnake,  probabl)  indicates  a  relationship  with 
durissus.  But  its  derivation  will  be  to  a  considerable  extent  unknown  prior  to  the 
advent  of  more  information  on  the  subspecies  sah/ini—ot  which  too  few  specimens 
are  available— to  be  sure  whether  it  is  ancestral  or  derivative,  although  we  suspect 
the  former  relationshij). 

Although  C.  molossus  and  C.  horridus  show  some  obv  ious  affinities,  particularly 
in  having  rudimentary  left  lungs,  as  well  as  paittms  that  tend  toward  chevrons  or 
cross-bands  and  in  having  a  black  tail,  the  ti  latioiishi])  is  not  particularly  close. 
The  head  scales,  especially  of  the  crown,  show  molossus  to  be  the  more  primitive 
species.  The  hemipenes  of  horridus  are  considerably  more  attenuated  than  those  of 
molossus. 

C.  horridus  probably  entered  the  United  States  from  northeastern  Mexico  and 

spread  northward  through  the  Appalachians  and  al<Mig  the  Nfississippi  Valley  as 
the  climatic  changes  of  the  Pliocene  and  Pleistocene  permitted.  C.  molossus,  on  the 
other  hand,  traversed  the  Sierra  Nfadre  loothills  of  northwestern  Mexico  into  the 
mountains,  and,  to  a  lesser  extent,  the  intei  iiioinitain  areas  of  western  Texas,  north- 
western New  Mexico,  and  southern  Arizona.  It  avoids  areas  of  extreme  aridity. 
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C.  m.  tiigrrsrrns  is  the  most  priniithc  clcniciu  ol  the  molossus  species,  judging  from 
the  head  scales  and  pattern.  I  lie  spet  ies  ninlossiis  is  diaiat  teri/ed  by  plastic  tenden- 
cies ol  pattern  and  color  which  have  led  to  some  starthngly  beautilul  color  varia- 
tions in  the  several  mounuin  ranges  of  the  Southwest  that  it  inhabits. 

The  relationship  between  Crotalus  adamanteus  and  C.  atrox  is  not  so  dose  as  has 
often  been  supposed  by  reason  of  their  large  size,  for  they  are  indeed  the  largest  of 
rattlesnakes,  and  as  suggested  by  the  similarity  of  their  common  names:  Eastern 
and  Western  diamondbacks.  At  one  time  alrox  was  considered  a  suljspecies  of  ada- 
wantruK.  This  is  a  rthiiionship  without  validit\  ,  for  they  are  sejjarated  territorially 
and  tlieir  ecological  pielerences  are  (juite  dilleient:  adtunanlcus  li\cs  in  forested 
areas  of  moderately  heavy  rainfall,  wlieieas  alrox  inhabits  arid  ]jlains  and  deserts. 
They  are  separated  by  the  width  of  Louisiana  and  eastern  Texas. 

Some  of  their  character  differences  are  moderately  evident  and  important.  Al- 
though both  have  slim,  attenuated  hemipenes,  that  of  adamanteus  has  a  prominent 
patch  of  mesial  spines,  whereas  atrox  has  few  or  none  of  these.  C.  adamanteus  has 
more  scales  in  the  frontal  and  piefrontal  areas  than  atrox,  indicating  a  greater  di- 
vergence from  the  ancestral  form.  In  the  patterns  there  are  differences  in  head 
strij)es  and  tail  lings.  C'.  (uhniuinlcus  lacks  the  (onspiruous  tail  rings,  which,  in 
atrox,  are  in  strong  contrast  with  the  rest  of  the  body;  also  it  is  without  the  puncta- 
ted application  of  color  so  evident  in  alrox. 

C.  adamanteus  probably  emigrated  from  eastern  Mexico  into  the  gulf  states  and 
Florida  at  a  fairly  early  date.  Before  the  Pleistocene  it  was  already  established  in 
its  present  range,  in  the  form  of  species  and  subspecies  now  extinct;  C.  giganteus 
and  C.  adatnantrus  pleistofhridensis.  And  adamanteus,  itself,  was  already  wide- 
spread and  plentifid.  a  (onc  lusion  we  may  draw  from  one  of  the  few  fossil  aggrega- 
tions of  rattlesnakes  that  have  come  down  to  iis. 

(..  atrox .  as  shown  by  the  small  relict  |)opidaiions  lemaining  in  Oa.vac  a  and  \'era- 
cru/,  mo\ed  northward  later,  eventuall)  occupying  all  the  Mexican  slates  that  bor- 
der the  United  States;  and,  in  our  own  country  it  has  ranged  from  southeastern 
Texas  and  central  Arkansas  westward  to  soutliem  Arizona  and  the  Colorado  Desert 
of  southeastern  California.  It  shows  a  tendency  toward  a  slightly  reduced  size  and  a 
lighter  color  in  its  progress  westward  into  an  increasingh  arid  habitat,  but  through- 
out its  territory  it  remains  one  of  the  most  i)leni  iful  and  dangerous  of  rattlesnakes. 

The  segregation  of  rattlesnakes  imogrou})s  iia\  ing  ehai  acteristic  s  in  common,  yet 
without  the  iesliicti\e  taxonomic  limitations  affecting  s];ecies.  will  sometimes  clar- 
ify lelaiionships  and  derivations.  The  atrox  group,  comprising  atrox,  tortugcnsis, 
ruber,  lucasensis,  and  exsul,  is  an  example  of  such  an  aggi  egation.  Their  similarities 
in  morphology  and  pattern  indicate  a  a»mmon  derivation,  yet  none  are  to  be  con- 
sidered subspecies  of  atrox,  since  they  no  longer  intevgrade  with  it. 

Another  group  of  species  includes  the  dwellers  of  the  arid  areas  of  the  southwest- 
em  United  States  and  northwestern  Mexico,  in  addition  to  C.  atrox.  These  are 
mitchcllii ,  tigris,  and  crrnsirK.  Tliev  c  leai  1\  prefer  arid  surroundings,  and  whatever 
their  original  centers  ol  oi  i^iu  and  de\(  loi)ineiii,  the  (  liniatic  (  haiiges  whi(  h  pro- 
duced the  deserts  of  tiie  southwest  ha\e  tiiinisheil  tliem  with  siuioundings  advan- 
tageous to  them,  into  which  they  lia\e  spread  and  diversified.  They  are  probably 
more  closely  related  to  viridis  than  to  atrox,  as  determined  by  Brattstrom  (1964a) 
from  osteological  characters. 
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MoNTyVNE  Rattlesnakes  of  Mexico 

One  of  the  most  interesting  features  of  the  crotalid  fauna  o£  Mexico  is  the  number 
of  species  of  small,  and  usually  dark-colored,  latilesiiakes  now  restrided  to  moun- 
tain areas.  Ahliough  eacli  ot  these  has  generally  diliereniiated  into  a  number  of 
subspecies,  these  subspec  ies  are  now  virtually  isolated  from  eacli  other  by  inhospit- 
able territory,  so  that  they  probably  no  longer  intergrade.  Lack  of  collecting  in 
some  areas,  or  at  least  an  absence  of  specimens  from  critical  regions,  leaves  a  doubt 
as  to  the  existence  of  present-day  intei^adation.  Nevertheless  the  relationships 
are  fairly  clear,  because  of  characters  which  are  distinctive  of  some  species  and  (Hily 
rarely  occur  in  others.  The  small  species  known  from  the  mountains  of  central  Mex- 
ico falling  in  this  category  are:  C.  sicjncgeri,  C.  lannomi,  C.  polystictus,  C.  triseri- 
atus  (2  subspecies) ,  C.  iutcrmrdius  (3  subspecies)  ,  C.  trnnwcrsus,  C.  pusiUus,  C. 
k'pidus  (3  subspecies) ,  C.  pricri  (2  subspci  ies)  ,  and,  more  distantly,  C.  ivillardi  (4 
subspecies) .  I  his  array  comprises  nearly  a  quarter  of  all  the  known  forms  ot  rattle- 
snakes. They  must  have  evolved  and  sj)read  in  central  Mexico  under  ecological  con- 
ditions, particularly  of  climate  and  to|x>graphy,  that  permitted  a  widespread  occu- 
pancy of  a  territory.  The  restriction  to  montane  islands,  the  present  situation,  must 
have  been  a  later  development,  coincident  with  climatic  changes  and  mountain 
building. 

Some  of  these  montane  forms  in  central  Mexico  have  characters  indicating  that 
they  are  the  most  primitive  of  the  existcni  sjje(  ies.  Included  in  this  (  atC|[»;ory  are, 
especially,  strjnrgcri ,  lannomi,  jjoly.stu  lus,  and  pitsilhis.  C.  willardi  is  also  peculiar, 
but  its  individualities  are  less  primitive. 

C.  stejnegeri  is  a  peculiar  rattlesnake  with  a  limited  range  in  southeastern  Sina- 
loa  and  western  Durango.  Its  tail  is  proportionately  longer  than  diat  of  any  other 
rattlesnake  (except  possibly  lannomij  and  the  adult  rattle  is  smaller,  as  would  be 
consistent  with  a  slim,  tapering  tail.  In  its  hemipenial  character  stejnegeri  is  unique 
among  the  rattlesnakes,  with  a  slim,  smooth  shaft,  more  fully  described  on  p.OOO. 
Because  of  its  linn'ted  ran^e  in  a  relati\elv  inat < cssible  area,  onl\  five  s{}ecimens 
(tour  males  and  one  female)  are  at  present  available  in  study  collections. 

The  lance-headed  rattler,  polystictus,  another  individualistic  species,  is  especially 
noted  for  its  slim  head,  and  for  scale  and  pattern  anomalies,  such  as  the  thin  paired 
intercanthals  and  slender  dorsal  scales  on  the  back.  It  has  a  dorsal  pattern  of  longi- 
tudinal ellipses.  Its  present  range  is  not  known  with  finality;  some  early  experiences 
by  collectors  indicated  that  it  may  once  have  been  partial  to  an  aquatic  existence. 

C.  p'isiUiis  is  a  species  having  head  scales  of  a  more  primitive  composition  than 
those  of  ilic  inore  widespread  Mexican  mountain  forms.  In  tliis  character  it  is  more 
primitive  ilian  stejnegeri. 

C.  ivillardi  is  a  mountain  form,  which,  although  deemed  ancient  by  reason  of  the 
extended  territory  that  it  occupies,  and  the  numbo*  of  subspecies  that  have  been 
evolved,  nevertheless  has  a  head  scalation  quite  at  variance  with  the  other,  more 
primitive,  montane  forms.  It  is  characterized  by  canthal  and  intemasal  ridges  that 
are  quite  unrattler-like  in  form.  Also,  the  scales  of  the  frontal  and  prefrontal  areas 
are  reduced  in  si/e  (and  correspondingly  increased  in  number)  to  an  extent  quite 
unlike  those  of  other  mountain  rattlesnakes. 
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Origin  of  Species  Centering  in  the  Umted  States 

One  ot  ihc  ni;)  jor  fjiit'stioiis  coiucrning  rattlesnake  /o(")<4eo<;raj)liy  has  to  do  with  the 
origin  ol  the  spet  ies  whose  present  tenters  ot  population  lie  in  tlie  United  States. 
Were  they  originally  Mexican,  proceeding  northward  as  the  retreat  of  the  glaciers 
permitted;  did  they  develop  from  essentially  Mexican  species:  or  do  they  represent 
species  whose  dominant  ranges  have  always  been  in  the  United  States? 

Of  all  the  species  of  rattlesnakes  now  inhabiting  the  United  States,  the  (me  that 
presents  the  most  valid  possibility  of  having  developed  during  the  southerly  migra- 
tion of  Agkistrndnn  and  the  rattlesnake  progenitors,  from  tlie  Bering  bridge  to  the 
area  of  cvohiiion  antl  proliferation  in  Mexico,  is  the  species  Crotalus  x'iri/lis.  Vor 
this  sjjct  ics  antl  its  deriv  atives  now  inhabit  tlie  territory  wliich  the  southbound  in- 
vaders must  have  traversed.  However,  there  is  one  objection  to  any  theory  of  /?i  situ 
develo|Mnent»  which  is  that  viridis  is  not  sufficiently  primitive.  Or,  if  this  program 
of  development  was  in  accord  with  what  happened,  the  ancestors  of  the  present 
viridis  must  have  gone  through  the  same  stages  of  development  and  diversification 
that  the  other  species  did  in  Mexico  before  their  northward  re-entry  from  the  sub* 
tropics. 

The  head  scales  of  x'iridis  show  a  wider  separation  from  the  jn  imitive  Sistrurus 
and  the  early  forms  of  Crolaliis  ilian  do  the  species  whose  lu  achjuai  lers  remain  in 
Mexico.  All  subspecies  of  viridis  exhibu  to  a  major  degree  a  characteristic  peculiar 
to  them,  namely,  having  more  than  two  intemasals,  the  normal  number  in  all  other 
rattlesnakes.  Further,  the  scales  elsewhere  on  the  crown  are  relatively  numerous, 
which  is  characteristic  of  rattlesnakes  of  comparatively  recent  development.  The 
answer  to  tliis  uncertainty  seems  to  be  that  the  ancestral  viridis  did  develop  and 
change  to  its  modern  form  in  a  Nearclic  area,  following  somewhat  the  same  type 
of  change  as  that  sustained  by  the  other  species  that  readied  the  subtropirs  and 
evolved  there.  And,  ha\  ing  attained  the  characters  resembling  those  ol  its  southern 
neighbors,  probabl)  in  the  Miocene  or  Pliocene,  it  subsequently  exteiuled  its  range 
into  the  large  area  from  the  Missouri  River  basin  to  the  Pacific  Coast  that  it  now 
occupies. 

The  area  of  greatest  uniformity  of  viridis  is  in  the  midwest.  Some  of  the  connec- 
tions between  subspecies  are  rather  tsnuous  and  uncertain,  such  as  those  between 
viridis  viridis  and  x>.  oreganus,  and  between  tuintius  and  crrberus,  for  example.  It 
is  not  impossible  that  some  of  the  newer  m2thods  of  blood  and  venom  studies  may 

eventually  indic  ate  that  the  forms  whi(  h  we  now  consider  viridis  siibspec  ies  may 
really  belong  to  two  oi  more  ditttirnt  species,  and  this  dcspiif  the  (onliiniatory 
evidence  ol  the  iniernasals.  lint  however  this  may  be,  the  development  ot  the  inridts 
complex  in  situ  remains  a  strong  probability. 

Besides  its  own  subspecies,  viridis,  when  it  met  the  extreme  arid  conditions  of  the 
Mojave  and  Ck>lorado  deserts,  also  probably  became,  as  Brattstrom  (1964a)  be- 
lieves, the  progenitor  of  such  xerophilic  forms  as  mitchelliit  tigris,  cerastes,  and 
even  enyo. 

lSLAM>  R  \  I  I  I  I  ^^  \KES 

The  islands  ()l  the  Cull  ol  California  jjiesent  an  interesting  examj)le  ol  rattlesnake 
dispersion,  or  at  least  water-borne  dispersion,  as  these  islands  lie  in  a  long  gulf  be- 
tween two  stretches  of  Mexico,  one  of  which  comprises  the  long  slender  peninsula 
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o£  Baja  California,  and  the  other  the  shores  of  the  states  of  Sonora  and  Sinaloa. 
Since  these  two  Mexican  areas  on  the  two  sitles  of  tlie  Gulf  contain  a  number  of 
species  of  rattlesnakes  not  (  ommon  to  both  sides,  their  distributions  on  the  islands 
between  are  of  considerable  /ocif^eographical  inici  est. 

The  ishinds  are  scattered  through  the  Gidf  of  C^ahiornia  at  varying  distances  from 
both  sliores,  althont^Ii  the  majority  arc  nearest  to  the  peninsula,  or  western  shore. 
They  are  also  ol  di\crse  sizes,  so  tliat  one  may  jud^e  the  effect  of  island  area  on 
speciation  and  the  rapidity  of  character  change  through  isolation. 

On  the  Pacific  Coast  of  the  peninsula  there  are  fewer  islands  than  in  the  Gulf. 
These  extend  up  to  the  coast  of  California:  their  rattlesnake  inhabitants  also  show 
some  interesting  modifications  from  their  mainland  forebears.  Altogether  these 
island  residents*  eitlier  of  the  Gulf  of  CaUfornia  or  of  the  Pacific  shore,  comprise  a 
more  varied  complex  and  thus  a  more  interestinfj;  stuch  ilian  the  rattlers  inhabiting 
the  islands  off  Floi  ida  ami  Texas.  I'hc  latter  show  less  \ ;irialjiliLy  since  there  are 
fewer  parent  species  on  the  iiiainhiiul,  whence  they  emanated. 

Rattlesnakes  are  by  no  means  the  only  reptiles  found  on  the  Mexican  islands, 
most  of  which  are  inhabit«*d  by  numerous  species  of  lizards  and  bv  other  snakes 
(Soul6  and  Sloan,  1966:  Dixon.  1966) .  And  these  islands  have  the  further  interest 
of  a  geologically  violent  history,  particularly  during  the  Pleistocene,  when  several 
distinct  glac  ial  c|)ochs  affected  both  the  climate  and  the  sea  level.  The  lattei  varied 
by  as  mu(  h  as  .H5()  feet,  and  many  of  the  j)resent  islands  were  connected  to  the  main- 
land either  to  the  east  or  west  during  comparatively  recent  times,  geologically 
speaking. 

Whether  the  rattlesnakes  now  inhabiting  the  islands  first  arrived  by  swimming, 
were  carried  on  rafts  of  debris,  or  invaded  the  islands  by  former  land  connections 
cannot  now  be  determined.  The  affinities  of  the  islanders  are  usually  with  the  pres- 
ent dwellers  of  the  mainland  areas  nearest  the  islands,  but  this  would  generally  be 
true  regardless  of  their  means  of  access.  The  swimming  ability  of  rattlesnakes  (see 
pp.  496-504),  partictdarly  in  water  at  temperatines  that  prevail  in  the  Gulf  of  Cal- 
ifornia, is  such  that  cither  swimming  or  rafting  coidd  well  account  for  tlie  ]>resence 
of  the  snakes  on  tiie  islands.  Hut  the  prevalence  of  other,  smaller  reptiles,  wlu  ihcr 
li/ardsor  snakes,  many  moic  dcliiate  than  ralth  siiakcs,  would  seem  to  favor  cither 
rafts  or  direct  land  connec  tions  as  the  avenues  of  c  ciloiu/aiion.  Kiu  thei  ,  the  disii  i- 
butions  are  too  extensive  and  too  uniform  to  favor  the  chances  of  such  sporadic  and 
hazardous  means  as  rafts  and  would  suggest  the  j^robability  of  direct  invasions  by 
land  connections. 

There  is  considerable  variability  in  tlie  d^ree  of  differentiation  of  the  rattle- 
snakes inhabiting  the  islands  from  their  congeners  on  the  nearest  mainland.  At  the 
present  time  only  two  forms  livino  on  (iidf  islands  have  been  given  the  status  of  full 
species:  these  are  Cratnlus  ( aialiucusis  and  C.  tortitgcnsis.  The  rest  of  the  islanders 
are  considc  led  either  identical  with  mainland  forms,  or,  at  most,  subsj)ccies. 

The  islands  of  the  Gulf  are  mostly  of  a  rocky,  desert  character,  but  are  usually  in- 
habited by  small  mammals  and  lizards,  affording  an  adequate  food  supply  for  any 
rattlesnakes  that  might  gain  access  to  them.  Of  the  islands  having  areas  exceeding 
about  a  quarter  square  mile,  of  which  there  are  some  28, 17  are  tenanted  by  at  least 
one  species  of  rattlesnake.  Five  of  these  have  two  species,  and  the  islands  of  Tibur6n 
and  San  Jos^  three  each. 
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Judging  by  relationships,  the  most  adept  colonizers  are  C.  atrox,  found  on  four 

islands  (not  including  its  descendant  on  Tortuga) ,  C.  enyo  on  five  islands*  C.  mit' 
chellii  on  eight,  and  C.  ruber  (inchiding  the  subspecies  hicasensU)  on  five. 

If  we  asume  tliat,  when  an  island  l  aiilesnake  is  similar  to,  or  most  { loscly  related 
to,  a  species  occurring  on  tlie  nearest  mainland,  a  direct  land  connection  was  prob- 
ably the  means  whereby  the  island  was  originally  colonized,  24  out  of  26  of  the 
island  tenancies  fall  wiihin  this  category.  In  only  one  instance  is  the  island  form 
most  closely  related  to  a  species  occurring  on  the  more  distant  of  the  two  Gulf 
shores,  thus  indicating  swimming  or  rafting  as  the  probable  means  of  access.  The 
case  is  C.  atrox  on  Santa  Cruz  Island,  which  is  an  outstanding  exception  to  the  rule 
of  relationship  concordant  with  propinquity. 

Four  other  cases  require  some  discussion.  San  Esteban  Island,  which  harbors  a 
subspecies  of  C.  moJossns,  is  actually  nearer  Baja  California  (where  molossus  does 
not  occur)  than  to  Sonora.  Ho\vc\ci ,  ii  is  adjae  cm  to  Tibiuon,  a  large  island  close 
to  Sonora  and  clearly  extending  certain  taunal  elements  of  that  slate,  including 
molossus.  Another  island  where  alrox  is  found  is  San  Pedro  Martir,  slightly  nearer 
Baja  California  than  Sonora,  but  this  island  is  also  closer  to  Tiburdn  than  to  Baja 
California. 

Two  other  forms  require  special  consideration.  These  are  C.  tortugensis  on  Tor- 
tuga Island,  about  halfway  between  the  two  coasts,  and  C.  catalmensis.  The  former, 
an  obvious  derivative  of  C.  atrox,  has  differentiated  sufficiently  to  be  considered  a 

separate  species. 

C.  (dt/ilinmsis  is  the  most  peculiar  of  all.  It  occins  only  on  a  small  island  close  to 
the  Baja  Cialitornia  shore  toward  the  soutiierly  end  of  the  Oidl  ol  C'.alifornia.  Al- 
though having  some  characteristics  thai  nnght  relate  it  to  C.  atrox,  its  closest  rela- 
tive seems  to  be  C.  scutulatus,  a  snake  not  occurring  in  Baja  California  and  not  dose 
to  the  shore  of  either  Sonora  or  Sinaloa,  except  at  a  point  near  Bahia  San  Jorge, 
toward  the  head  of  the  Gulf,  and  about  450  miles  horn  Santa  Catalina  Island. 

Of  the  instances  wherein  the  island  derivation  correlates  well  with  propinquity, 
there  is  C.  cerastes  on  one  island,  C.  enyo  on  5,  C.  mitchellii  on  8,  and  C.  ruber  on  5. 

As  to  the  genesis  of  the  rattlesnakes  that  inhabit  the  two  sides  of  the  Gulf  of  Cal- 
ifornia—that is,  Sonora  and  Sinaloa  to  the  east,  and  the  peninsula  of  Baja  California 
to  the  west— and  which  have  become  island  invaders,  molossus  emanated  from  the 
mountains  of  Mexico  to  the  southeast,  and  the  desort  forms  atrox  and  cerastes  from 
the  desert  areas  to  the  east  or  north. 

The  Baja  California  forms  originally  came  down  from  the  nortli.  Those  with  the 
most  doubtful  histories  are  C.  ruber  and  C.  enyo.  C.  ruber  is  imdoubtedly  derived 
from  C.  alrox;  the  relationship  is  shown  by  many  common  characteristics  such  as 
cranial  osteology,  hemipenes,  and  j)attern  and  color.  .Allhougli  the  Cape  San  I.ucan 
form  of  ruber,  that  is,  the  sidjspecies  lucascnsis,  appears  in  some  characteristics 
nearer  alrox,  than  is  ruber  ruber,  it  is  to  be  doubted  that  ruber  worked  its  way  up 
the  peninsula  into  California  from  the  Cape.  Rather  it  is  to  be  assumed  that  ruber 
differentiated  from  atrox  in  the  desert  mountains  of  southern  California  and,  after 
such  diversion,  became  separated  from  the  main  body  of  airox  by  the  extension  of 
Lake  Cahuilla  or  one  of  the  predecessors  of  that  body  of  water  in  the  area  of  the 
Colorado  Desert.  Subsequently  when  dry  land  was  re-established,  riibcr  and  ntrox 
again  contacted  eadi  otlicr.  but  widiout  intergradation,  as  is  die  situation  today 
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in  the  desert  mountains  to  the  west  of  Palm  Springs  and  Pahn  Desert,  Riverside 

Coimtv,  California. 

As  to  C.  eu\o,  Rraitsirom  considers  this,  by  reason  of  certain  ostcological  diarac- 
ters,  a  cltM  ivative  of  C.  I'iridis,  in  one  of  its  ('alifornia  lorni->.  ( )1  this,  I  remain  some- 
wliat  doubtful.  C.  enyo  appears  to  me  to  possess  certain  characteristics  of  head 
scales,  scale  protuberances,  and  vertebral  ridge  that  indicate  a  possible  relationship 
with  C.  durisstu.  If  we  presume  a  trans^^ulf  invasion  of  the  cape  region  of  Baja  Cal- 
ifomia  by  the  ancestral  C.  enyo  this  might  account  for  this  peculiar  species.  I  admit 
that  the  intermittent  flooding  of  southern  Baja  California  during  the  late  Miocene 
or  Pleistocene  tends  to  negate  this  theory  of  origin,  and  that  C.  enyo  probably  did 
comedown  from  the  nortli  as  presumed  by  Brattstrom  (UXihi,  p.  245) . 

In  si/e,  the  island  rattlesnakes,  u  hether  of  the  Gidf  of  Cialifornia  or  of  the  islands 
of  the  Pacific  coast  of  the  Caliiornias,  are  somewhat  dwarfed  but  not  consjjit  uously 
so.  1  hat  is.  although  they  seem  never  to  reatii  the  extreme  lengths  attained  by  their 
mainland  congeners,  still  the  size  differences  are  moderate,  as  if  their  smaller  popu- 
lations  failed  to  produce  the  extremes  in  size  found  among  the  larger  populations 
of  the  mainland. 

To  this  general  statement  there  are  three  notable  exceptions:  two  dwarfs  and  one 

jriant.  The  former  are  C.  mitchellii  tniicrfcnsis  of  El  Muerto  Island  in  the  Gulf  of 
California  and  C.  x'iridis  enJis^iuis  of  South  C>oronado  Islantl  off  ilie  northwestern 
coast  of  liaja  California  in  the  Pacific,  lioth  of  these  subspecies  are  markedly 
siimted  (C)iiijKired  with  their  mainland  ancestral  forms.  In  ho\.\i  instances  sufficient 
specimens  of  tlie  island  taxa  have  been  toUettcd  to  prove  tliat  tlie  si/e  difference  is 
not  due  to  the  caprice  of  sampling.  Both  of  the  islands  on  which  these  stunted  forms 
occur  are  small,  only  a  fraction  of  a  square  mile  in  area. 

The  other  deviant  from  the  rule  of  a  moderate  diminution  in  extreme  size  is  a 
still  more  remarkable  case.  This  is  C.  mitchellii  angelensis,  an  inhabitant  of  the 
large  (510  sq.mi.)  Angel  de  la  Guarda  Island  at  the  northern  end  of  the  Gulf.  The 
snakes  of  this  subspecies  attain  a  size  not  readied  by  any  other  snakes  of  the  species 
C.  tnitrhcllii  anywhere  in  its  considerable  range  in  Haja  California  (wiiere  it  is 
foiuid  throughout  tlie  peninsula)  or  in  California,  Nevada,  Utah,  or  .Arizona. 
Again,  this  peculiarity  of  gigantism  among  the  island  snakes  is  not  a  chance  hazard 
of  sampling  but  is  verified  by  extensive  collections.  Nor  does  it  occur  on  any  of  the 
8  other  islands  on  which  mitchellii  is  found,  one  of  which  is  on  the  Pacific  coast  of 
Baja  California. 

Family  Tree 

The  family  tree  presented  in  figure  3:4  represents  the  residt  of  applying  the 
methods  I  have  outlined  to  the  raw  material  of  the  morphological  and  statistical 
(lata  on  the  rattlesnakes.  .As  has  been  stated,  osicological  characters  arc  deemed 
relatively  stable  and  theiifoie  of  importance  in  the  determination  of  major 
branchc!*;  however,  all  characters  have  been  given  due  weight,  so  that  the  tree 
differs  in  the  positions  and  directions  of  the  branches  from  that  which  would  have 
been  evolved  solely  from  osteological  trends.  For  the  osteolc^al  data  and  com- 
parisons, I  am  indebted  to  B.  H.  Brattstrom,  particularly  his  paper  1964a. 

No  attempt  has  been  made  in  this  tree  10  inc!i(  uc  geographical  relationsliips  or 
proximities.  The  lengths  of  the  branches  are  only  slightly  indicative  of  tlie  dironol- 
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ogy  of  separations  and  divergences,  since  the  primary  purpose  of  the  tree  is  to  indi- 
cate TTiorj>holot^ic:il  relationships.  Primitiveness  is  indicated  by  relative  points  of 
attachment  oi  branches  rather  than  by  tlie  lengths  of  the  branches;  that  is,  branch 
leiiL;ths  aie  drafting  i  oiivenienccs.  i  o  ilie  extent  that  one  liranch  diverges  from 
a  main  stem  before  anotiier,  there  is  an  indication  of  clironology,  btu  the  length 
o£  the  stem  between  branches  is  not  based  on  a  rigid  time  scale. 

All  of  the  names  entered  in  figure  3:4  are  the  names  of  subspecies,  wherever  a 
species  has  been  subdivided.  However,  the  subspecific  components  of  each  species 
are  indicated  by  surrounding  dotted  lines.  Where  one  subspecies  is  apparently  a 
direct  descendant  of  another,  this  is  appropriately  indicated  by  a  line  through  the 
one  to  the  other. 

It  must  always  be  remembered  that  tlie  morphology  of  an  ancestral  form  at  the 
time  of  its  divergence  was  probably  quite  different  from  that  of  its  descendants  of 
today.  Only  territorial  isolation  caused  the  divergence  to  become  complete.  At  every 
branch  point  we  must  visualize  a  prototype  having  the  primitive  characters  capable 
of  evolving  into  all  of  the  components  beyond  the  branch  point. 

A  subspecies  that  is  widespread  and  flourishii^  is,  of  course,  not  necessarily  to 
be  considered  the  stem  from  which  the  other  members  of  the  spedes  branched.  The 
relative  number  of  characters  in  which  each  subspecies  diffisrs  from  the  specific 
mode  is  important,  as  well  as  are  the  clines  in  those  characters.  And  one  must 
avoid  an  unconscious  assumption  that  the  nominate  subspecies  is  ancestral,  since 
the  possession  of  the  name  is  often  merely  an  accident  of  discovery  and  nomen- 
clature. 
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INTRODUCTION 

This  chapter  treats  of  the  sizes  and  bodily  forms  of  rattlesnakes.  There  is  first  a 
discussion  of  the  sizes  and  weights  attained,  with  stress  on  the  largest  species,  as 
a  matter  both  of  popular  interest  and  of  importance  in  the  relative  danger  from 
snake  bite.  Some  kinds  of  rattlesnakes  grow  to  a  length  three  or  more  times  that  of 
the  smallest  species,  which  means  that  they  exceed  them  in  weight  by  50  times  or 
more. 

There  follows  a  discussion  of  body  proportions,  particularly  of  head  and  tail 
lengths,  in  which,  likewise,  there  are  notable  species  differences,  as  well  as  similari- 
ties, that  verify  relationships. 

Scales  and  scale  arrangements  are  dealt  with  at  length,  for  these  are  of  importance 
in  rattlesnake  classification.  Here  it  has  been  necessary  to  use  technical  terms 
extensively,  for  only  in  such  terms  can  the  scale  arrangements  and  species  differ- 
ences be  described  succinctly.  One  might  suppose  it  to  be  easy  to  recognize  and 
differentiate  the  various  kinds  of  rattlesnakes  by  appearance,  especially  by  their 
colors  and  patterns.  Those  of  long  experience  can  do  this  with  a  moderate  degree 
of  success;  but  a  number  of  kinds  of  rattlers  are  superficially  much  alike,  yet  from 
their  scales  we  know  them  to  be  quite  different  creatures.  Patterns  and  colors  are 
found  to  be  variable  within  a  single  subspecies,  which  may,  for  example,  be  gray 
in  one  part  of  its  range  and  pink  in  another.  But  scale  arrangements  are  more  con- 
sistent, and  it  is  only  through  knowledge  of  the  scales  and  their  nomenclature  that 
the  different  kinds  of  rattlers  can  be  correctly  identified.  Thus,  the  keys  to  identifi- 
cation, as  set  forth  in  chapter  2,  are  largely  based  on  scale  differences.  It  is  not 
difficult  to  become  familiar  with  the  scale  names  and  arrangements  through  the  use 
of  tlie  glossary  and  sketches  that  have  been  supplied.  Certain  generic  correlations 
between  groups  of  scales,  and  between  these  groups  and  body  size,  are  also  of 
interest. 

There  follows  a  discussion  of  colors  and  patterns,  with  a  summary  of  species  dif- 
ferences and  resemblances  in  these  rather  variable  attributes.  The  chapter  closes 
with  a  survey  of  exceptional  or  freak  rattlesnakes,  such  as  hybrids,  two-headed 
snakes,  and  albinos. 
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The  rattles  arc  the  only  unique  morpliological  feature  of  the  rattlesnakes,  setting 
them  apart  from  all  other  kinds  of  snakes.  In  chapter  5,  I  have  described  the  rattles 
fully,  from  the  aspects  of  use,  development,  and  form. 

LENGTH 

Few  rattlesnake  c  haraclerislics  arc  of  greater  interest  to  the  average  person  than 
size,  ^\'lle^  a  rattlesnake  storv  is  told,  the  si/e  of  the  snake  is  always  an  important 
feature.  And,  from  a  practical  standpoint,  size  is  of  significance,  for  se\eral  elements 
of  the  relative  danger  from  rattlesnake  bite  vary  with  size,  such  as  the  distance  a 
snake  can  reach  in  its  strike,  the  length  of  the  fangs,  and  the  quantity  of  venom 
discharged.  Rattlesnake  species  differ  greatly  in  size.  Some  of  the  smallest  kinds 
rarely  attain  an  adult  length  of  2  feet,  whereas  others  may  reach  6  feet  or  more. 
Even  these  fi-^m  es  gi^  c  a  rather  inadequate  idea  of  the  size  differences,  for  the 
larger  snakes  have  a  bulk  or  weight  of  from  30  to  50  times  that  of  the  smaller. 

As  is  the  case  ^vith  all  animals,  there  is  a  considerable  variation  in  the  si?c  of  the 
adults  in  anv  jjojjulation  of  lattlcsiiakes  within  .t  singk  subspecies.  I  he  naiiire  and 
extent  of  this  dispersion  have  been  discussed  elsewhere  (p.  325).  It  has  been  pointed 
out  that  there  is  not  only  a  population  variability,  similar  to  the  differences  in  the 
heights  of  the  men  comprising  any  group,  but  also  there  are  regional  differences 
within  subspecies — differences  below  the  level  of  nomendatorial  recognition.  For 
example,  the  prairie  rattlesnakes  of  central  South  Dakota  are,  on  the  average, 
laiger  than  those  of  eastern  Colorado,  althongli  both  arc  considered  to  belong  to 
the  subspecies  Cmtnbts  x'iridis  T'/r/V/.v.  Su(  h  territorial  dilTeiences  are  the  rule  in 
wide-ranging  sidjsjjccies,  or  in  those  that  inhabit  di\er>e  ecological  areas. 

These  regional  different es  in  size  impose  difiiculties  in  dc  ici mining  siibspccific 
Standards  or  bench  marks.  In  addition,  there  are  practical  difficulties.  Rattlesnakes 
can  be  measured  accurately  only  "in  the  round,"  for  skins  stretch  so  much — ^up  to 
35  per  cent — that  any  measurements  based  on  skins  are  quite  valueless.  It  is  almost 
impossible  to  measure  the  lengths  of  live  rattlesnakes  accurately,  especially  the 
laige  specimens  that  would  be  of  the  gieatest  intert  st.  The  most  accurate  measure- 
ments are  those  made  on  snakes  just  after  killing  for  preservation,  Init  before  they 
have  siifTened:  at  this  lime  th.e\  can  be  laid  out  along  a  rider  and  nu  asined  exactly. 
Unfortunately,  the  difhculties  of  preserving  large  rattlesnakes,  iinohing  cumber- 
some containers  and  much  preservative,  are  such  that  preserved  collections  seldom 
represent  fair  population  samples  of  the  larger  species;  and  the  record-breakers 
especially,  of  which  it  would  be  of  decided  interest  to  have  the  measurements,  are 
never  available.  Mere  estimates  of  the  lengths  of  live  rattlesnakes  are  quite  useless; 
amateurs  almost  invariably  overestimate  the  lengths  to  a  marked  degree;  and  even 
experienced  observers  can  rarely  guess  the  length  of  a  snake  within  10  per  cent  of 
actuality. 

These  diifrcidties  of  seem  ing  accurate  data  on  rattlesnake  lengths  have  been  often 
mentioned  (e.g.,  Metcalfe,  1907,  p.  124;  Strecker,  1929b,  p.  10:  Klauber,  1937,  p.  4). 
Impressions  concerning  the  lengths  attained  by  rattlers  in  particular  areas  are 
likely  to  be  greatly  exaggerated.  Bailey  (1905,  p.  50)  was  told,  when  he  began  certain 
biological  investigations  in  Texas,  that  rattlers  11  to  13  feet  in  length  were  found 
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there,  but  the  longest  he  encountered  was  !  feet  2  inches,  Ilou  ever,  it  is  trac  that 
western  diamonds  slightly  exceeding  7  feet  have  been  found  in  Texas. 

Interspecific  Ck>MPARisoNS  of  Length 

In  oidci  lu  indicate  the  relative  sizes  oi  diflerent  species  and  subspecies  of  rattle- 
snalLes,  one  must  decide  upon  certain  representative  age  or  size  criteria — ^that 
landmarks  for  each  species — at  which  the  comparisons  may  be  made. 
The  first  of  the  size  categories  that  I  have  used  is  the  size  of  the  smallest  specimen 

that  I  have  measured,  provided  it  was  known  to  have  been  bom  alive*  and  was  not 
obviously  a  freak.  However,  if  the  smallest  available  specimen  representing^  one  of 
the  rarer  species  had  more  than  a  button  in  its  rattle  sii  ing,  thus  showing  iliat  there 
had  been  sonic  growth  before  measurenu-iu,  the  figure  for  that  subspecies  has  been 
oniiited  as  being  of  little  value.  The  available  data  are  set  forth  in  column  1  of 
table  4:1. 

The  second  column  presents  the  estimated  avo'age  size  at  birth,  based  on  all  the 
available  broods  or  juveniles,  together  with  my  knowledge  of  the  general  character 
of  the  species.  Although  a  subjective  figure,  the  average  size  at  birth  is  probably 
rather  accurate,  especially  in  the  case  of  the  more  common  species,  of  whidi  many 
broods  and  single-rattle  yoimg  have  been  avai]al)lc. 

'I'he  third  column  contains  somewhat  fragnieiuaiy  iuloi  niaiion  on  the  minimum 
si/cs  of  females  found  to  contain  embryos  or  developing  eggs.  Where  adequate 
series  have  been  at  hand,  this  gives  a  fair  indication  of  the  lower  limit  of  adult 
female  sizes.  However,  it  must  be  remembered  that  the  young  females  of  most 
species  carry  their  first  eggs  for  some  nine  months  (including  three  to  six  months 
of  hibernation),  while  still  at  an  age  when  rapid  growth  is  taking  place.  Indeed, 
some  species — the  prairie  rattlesnake  (C.  V.  viridis)  in  the  Missouri  Basin,  for  ex- 
ample— live  in  unfavorable  climates  permitting  such  short  seasons  of  activity  that 
they  cannot  bring  their  young  to  term  in  a  sinulc  season  and  so  must  <  arrv  a  clutch 
of  eggs  for  nearly  two  years.  Thus  this  ciiierion  of  k  ngth  is,  at  best,  a  rather  in- 
definite (launii.  Slu(H(s  of  tlie  suljspicics  of  which  adecjuate  series  are  available 
indicate  that  the  smallest  icmales  have  a  length  oi  about  GO  per  cent  of  the  large 
males  and  67  per  cent  of  the  largest  females.  They  are,  when  first  gravid,  about 
two  to  two  and  a  half  times  their  own  lengths  at  birth. 

In  the  fourth  column  there  is  presented  the  length  of  what  I  have  chosen  to  call 
a  large  adidt  male.  This  is  a  subjective  figure  based  on  experience.  As  has  been 
pointed  out  elsewhere  (p.  324),  snakes  do  not  attain  a  sharply  defined  discontinu- 
ance of  growth  when  they  reach  adulthood,  at  least  as  determined  by  sexual  ma- 
turity: on  the  contrary,  they  continue  to  grow  for  a  considerable  time  but  at  a 
decremenial  rate.  1  bus,  we  have  not  only  the  usual  individual  variations  common 
to  all  kinds  of  animals,  but  a  less  sharply  defined  adult  size  In  each  individual. 
I  have  sought  to  overcome  these  uncertainties  by  fixing,  based  on  my  experience 
with  each  subspecies  and  the  measurements  that  have  been  accumulated,  the  prob- 
able a\  erage  lengths  of  the  male  rattlesnakes  comprising  the  upper  2  to  4  per  cent 
of  the  adult  male  population. 

The  next  column  gives,  for  each  subspecies,  the  length  of  the  largest  specimen 
that  I  have  measured.  These  are  almost  always  males,  for  the  fully  adult  males 
exceed  the  females  in  length  by  about  15  per  cent  in  all  species  except  the  side- 
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wiiuler  (C.  cerastes).  I  rue.  a  lew  ol  the  retorcls  ol  otliet  species — as  indicated  in 
the  tabic  by  appiop)  iatc  footnotes — are  held  l)y  females,  but  it  is  believed  that 
this  apparent  discrepancy  results  from  the  inadequate  number  of  specimens  at 
hand. 

The  last  column  contains  the  lai^t  reliable  report — when  not  of  my  own 
measurement — ^in  the  case  of  a  few  species  so  large  in  size  that  the  maximum  speci- 
mens obtainable  in  the  field  are  rarely  or  never  preserved.  .Admittedly,  there  is 
difficidty  in  assessing  the  reliability  of  such  reports,  whether  published  or  con- 
tained in  letters  that  I  have  rccci\cd. 

1  have  deemed  it  ad\  isat)!e  in  this  table  to  restric  t  the  measurements  entiielv  to 
millimeters.  To  convert  to  inc  lies,  divide  by  25. 1  or  multiply  by  0.03937.  .\s  a  matter 
of  fact,  multiplying  by  0.04  will  give  an  answer  as  close  as  the  data  warrant. 

I  have  already  mentioned  intrasubspecific  territorial  differences  in  length.  In 
general,  the  tabular  data  are  presumed  to  indicate  approximate  lengths  in  those 
areas  wherein  the  species  or  subspecies  attains  its  maximum  size — atros  in  Texas, 
viridis  viridis  in  M  ontana,  for  examples.  Howe\  cr,  in  the  case  of  nuntitu  the  oppo- 
site is  true;  the  table  re|)resents  nuntiiis  in  the  Wiiislow,  .\rizona,  area,  where  it  is 
smallest  and  most  sharjily  dilferentiatcd  from  I'iridis  viridis. 

As  niii;ht  be  expected,  there  is  a  c|uitc  consistent  "generic  relationship  between 
rattlesnake  lengths  at  birth  and  the  lengths  attained  by  the  large  males  of  the  same 
species,  as  set  forth  in  table  4:1.  Plotting  the  pairs  of  values  in  a  scatter  diagram, 
we  find  that  all  subspecies  adhere  cjuite  closely  to  a  curve — a  parabola — the  equa- 
tion of  which  is  found  to  be  J3  =  37.0  +  0.263L  —  0.000052 li.',  where  L  is  the  adult 
male  length  and  B  the  average  length  at  birth,  both  expressed  in  millimeters.  The 
curve  is  of  interest  in  showing  that  the  smaller  kinds  of  rattlers  are,  relatively 
speakino;.  Ioniser  at  biith  than  the  larger  kinds.  For  example,  usin^  this  ;^eneric 
trend  ciuve,  we  find  that  a  sjKcies  ha\ins^  an  ultimate  leni^th  ot  (iOO  nun.  ^voull^ 
have  a  length  at  birth  of  ITti  nun.,  so  that  it  multiplies  its  length  at  birth  by  only 
3.41  in  attaining  full  growth,  whereas  a  large  species  reaching  1,700  mm.  would 
have  a  length  at  birth  of  333  mm.,  a  growth  ratio  of  5.11.  It  is  to  be  noted  that 
island  and  other  stunted  forms  grow  proportionately  less  up  to  maturity  than 
their  larger  congeners;  thus  dwarfing  is  to  be  considered  in  part  a  postnatal  de- 
velopment. However,  dwarfs  do  not  depart  from  the  generic  curve  to  any  greater 
extent  than  other  forms. 

'I'hc  most  ronspic  uous  di  xi.ilors  f  rom  the  m  nei  i(  (:ur\  e  are  the  .sul)sj)ecies  of 
C.  cexisi,  ^,  \'.liich  are  pi<)]j()Ui()nately  sonuwliat  larger  at  birth  than  most  rattle- 
snakes; and  the  species  of  Sistnaus,  as  well  as  C.  intermedins,  C.  pusillus,  and 
C.  pricei,  all  of  which  are  smaller.  One  may  hazard  the  guess  that  the  sidewinder 
deviation  is  related  to  the  fact  that  this  is  the  only  rattlesnake  species  in  which  the 
adult  females  exceed  the  males  in  size. 

M.WIMIM  Rl  C:()RI)S 

The  maximtun  si/es  Kached  by  some  of  the  largest  rattlesnakes  deserve  a  more 
com]dete  tK'atinent  than  has  been  given  in  the  tai)ulai  matter  already  cited,  for 
this  is  a  feature  of  rattlesnake  lile  havuig  wide  popular  iiuerest. 

It  must  be  admitted  that  there  is  difficulty  in  drawing  a  line  between  obviously 
mythical  or  fantastic  reports  and  those  that  have  at  least  some  semblance  of  truth 
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TABLE  4:1 
Data  on  Rattlesnake  Lengths 
(All  meMurements  in  millimetera) 
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enj/0  enyo  
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Luse 
adult 
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. .  ■ 
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flit) 
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1,600 
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s,s7 
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i,i;i8 

1,4.50 
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150 
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500 

183 

150 

•  •  * 

530 

173 

160 

302 

550 

170 

190 

441 

050 

im 

195 

390 

670 

225 

190 

470 

650 

240 

797 

940 

265 

649 

1,300 

185 

431 

620 

270 

200 

573 

1,0(M> 

234 

230 

674 

870 

291 

280 

703 

1,200 

732 

9S0 

250 

270 

742 

1,150 

258 

230 

537 

850 

159 

160 

aoi 

550 

200 

175 

620 

299 

300 

733 

1,400 

273 

290 

736 

1,300 

220 

205 

630 

1,100 

2")0 

1,(K)0 

282 

170 

6UU 

307 

210 

616 

770 

250 

762 

1,000 

183 

150 

500 

151 

175 

453 

620 

172 

175 

340 

620 

230 

235 

•  •  * 

050 

Largest 
uieasured 


1,S20 
1,0S5 
2,045 
tM)5 
731 
5S7 
028 
824 
1,095 
1,(».S0 
1,400 
1,032 
1,555 
S9S 
778 
740 
940 
1,195 
1,476 
570 
518 
560 
638 
715 
828 
720 

93!) 

1,367 
637 

1,114 
943 

1,257 
982 

1,092 
930 
640 
532 
674 

1,524 

1,306 

1,231 

W2 
614 
885 
1,058 
459 
6S3 
678 
920 
636 
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TABLE  4:l—ContinuLd 


SuUpadw 

8mali«at 
measuml 
■PMimeii 

Average 

size 
At  birth 

Smalleat 

Large 
adult 

Largett 
measured 

•PMiBMn 

212 

270 

AAA 

890 

«  4  i'A 

1,150 

4  AAA 

1,206 

260 

250 

684 

1,000 

9S0 

220 

190 

528 

ooO 

083 

287 

net' 

255 

701 

l,OoO 

«  AOA 

1,032 

212 

20.) 

/oO 

73  .J 

225 

275 

590 

1,200 

1,371 

242 

265 

557 

1,150 

1,210 

233 

180 

395 

650 

732 

221 

270 

5U3 

1,150 

1,320  9 

189 

165 

481 

560 

593 

5S2 

233 

165 

■  •  ■ 

560 

562  9 

tOiu  

184 

170 

452 

590 

647 

8.  eaienatus  catenatns  

167 

220 

405 

850 

935 

edwarcbii  

•  •  • 

530 

178 

215 

535 

800 

820 

170 

IGO 

•137 

530 

535 

176 

170 

630 

707 

154 

165 

360 

630 

638 

174 

176 

605 

620 

699 

Maximum 
report 
believed 


1,448 

1^346 

1^626 

"952 

788 


case  of  tlM  MTMtm  sub- 


•  Known  to  have  been  bom  alive.  Probable  freaka  omitted. 

^  Of  the  order  of  the  2  to  4  largest  mates  to  be  found  in  a  group  of  100  advilt  imiles;  in  the 
species,  the  large-'it  arf  normally  feinales. 

•  Females  arc  niarknl  9  :  in  all  other  cases  the  largest  measured  individual  waa  a  male. 
^Montana  only,  wliere  the  subspecies  probably  reaches  its  maximum  liM. 

•  Winslow,  Arizona,  area  only,  where  the  8ub9po<'ie-'«  is  most  typical. 

or  accuracy.  .\n  unreliable  report  may  recur  in  prim  so  otten — usually  without 
acknowledgment  of  the  original  source — that  it  acquires,  through  mere  persistence, 
a  quite  undeserved  authenticity.  Many  of  the  older  records  represent  only  the 
repetitions  by  overcredulous  travelers  of  campfure  tales — the  creative  exercises  of 
some  hunter  or  cowboy  spoofing  a  tenderfoot.  These  lengths  usually  reach  such 
proportions — 10-  to  20-foot  rattlers — that  they  deserve  no  serious  consideration; 
a  few  of  these  mythical  iccorcls  have  been  mentioned  elsewhere  (p.  126  !V 

Undouhudlv  many  of  the  supposedly  authentic  rccouls  liave  resulted  from  the 
measurcnicnis  of  skins,  a  thoroughly  unreliable  basis,  since  a  skin,  whether  pre- 
served Hat  or  by  siulhug,  readily  stretches  from  25  to  35  per  cent.  In  one  instance, 
a  famous  snake  authority  secured  a  notable  record  from  a  field  man,  who,  the 
authority  thought,  was  familiar  with  the  inaccuracy  involved  in  measuring  skins. 
The  field  man  was  trustworthy  and  there  was  no  attempt  to  deceive,  but  unfor* 
tunately  he  was  not  acquainted  with  the  unreliability  of  skin  measurements,  with 
the  result  that,  witli  the  best  intentions,  another  quite  unauthentic  record  has  per- 
sisted through  a  number  of  texts.  A  less  important  source  of  error  is  the  measure- 
ment of  a  rattlesnake  to  the  tip  of  its  rattle,  ratlier  than  to  the  base;  however,  this 
will  lengthen  the  record  by  only  4  or  5  inches  at  most. 

It  is  true  that  persecution  may  have  reduced  the  sizes  atuined  by  rattlesnakes 
in  some  areas  near  human  habitations.  In  the  case  of  such  a  commercially  impor- 
tant animal  as  the  alligator,  this  has  undoubtedly  been  true  in  most  areas  in  the 
southeastern  United  States.  Bartram,  as  long  ago  as  1791  (p.  263),  thought  the 
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same  to  be  the  case  with  the  ratllcsnakes  of  that  region;  and  several  of  my  corre- 
spondents have  cited  this  as  the  reason  wliy  tlie  cm  rent  run  of  rattlesnakes  in  their 
disti  icts  do  not  achieve  the  lengths  iormerly  reported.  W.  V.  Neill  informed  me 
that  in  northern  l  lorida  there  liad  been  a  consistent  reduction  in  the  average  si/e 
of  the  adult  eastern  diamondbacks  (C.  adamanteus)  secured  by  Ross  Allen  during 
the  past  20  years.  Formerly  5%-foot  snakes  were  plentiful;  now  the  average  is 
4  to  4%  feet.  These  statistics  were  based  on  about  2,000  specimens  per  year.  As  I 
have  said,  this  is  undoubtedly  true  in  populous  areas,  but  rattlesnakes,  being  both 
small  andsecrcti\  c  creatures,  do  not  require  very  large  primitive  spaces  in  order  to 
live  almost  undisturbed  lives.  It  is  probable  that  in  the  case  of  every  large  species, 
individuals  as  large  as  any  that  existed  in  the  recent  past  ought  stiU  to  be  found  in 
the  nforc  remote  parts  of  their  ranges. 

Finally,  there  is  the  normal  variation  in  si/e  within  any  population  group.  Just 
as  we  see  exceptionally  tail  men  in  basketball  teams  and  sidesliows,  so  also  there 
are  rattlers  much  larger  than  their  fellows.  But  I  doubt  whether  a  rattler  exceeding 
its  fellows  by  50  per  cent  is  mudhi  more  common  than  an  eight-foot  man.  This 
transfers  to  the  mythical  any  rattlesnake  approaching  a  length  of  10  feet.  Having 
mentioned  some  of  the  possible  inaccuracies  surrounding  the  reports  of  very  laige~ 
but  not  mythical — rattlers,  1  shall  list  (but  without  guarantee)  a  few  reports  of 
record-breaking  sizes  among  the  largest  species.  I  shall  also  mention  how  the 
record-breakers  compare  with  the  usual  run  o£  the  same  species. 

Eastern  Diamondback, — Crotaltis  adamanteus  is  the  largest  of  the  rattlesnakes. 
Specimens  exceeding  7  feet  (2*194  mm.)  in  length  are  well  authenticated,  although 
I  cannot  claim  to  have  measured  one  myself,  and  8-  and  9-foot  snakes  (2,348  to 
2,7-13  mm.)  have  been  reported,  possibly  with  some  basis  of  truth. 
In  1953,  E.  Ross  Allen,  of  Silver  Springs,  Florida,  wrote  me: 

I  have  been  in  business  for  nearly  28  years,  during  which  time  I  have  received  from  1,000  to 
5,000  Crotalm  adamanteus  annually,  a  total  of  about  50.000  altogether.  The  largest  specimen 
I  personally  measured  was  7  feet  S  inches  in  total  length,  cjtdusive  of  rattle,  and  weighed  15 

pOUMih.  For  vr.'iK  T  ofTcrrd  a  reward  of  $100  to  atnonc  who  brouglit  in  an  8  fnot  Florida 
diamondback,  dead  or  alive.  In  recent  years  I  have  ottered  $200,  without  results.  This  reward 
Still  stands:  I  doubt  that  it  will  ever  be  claimed.  Very  few  7-footers  have  been  received.  I 
have  seen  a  number  of  8-ftM:>t  skins;  Init  a  skin  iliis  length  may  l)e  taken  from  a  6-foot  snake. 
I  may  add  that  for  vcars  1  liavc  subscribed  to  a  clipping  service  uhith  piovided  topics  of 
newspaper  articles  about  snakes.  The  killing  of  a  diamondback  oltcn  receives  mention  in  the 
local  newspapers;  no  8-foot  specimen  has  been  reported. 

Using  7  feet  (2,131  mm.)  as  the  lower  limit  of  eastern  diamonds  worthy  of  com- 
ment, t  vcn  though  snakes  of  this  length  are  quite  lare,  we  have  the  follo^ving  re- 
ports to  lecord:  Webb  (1888,  p.  -171)  mentioned  a  specimen  that  measured  7  feet 
8  inches  (2,337  mm.),  when  hung  up  to  be  skinned,  a  position  that  would  i»oduce 
some  stretching.  Stejneger  (1895.  p.  436)  listed  two  specimens  killed  in  Florida  that 
measured  8  feet  5  inches  (2,565  mm.),  and  8  feet  9  inches  (2,667  mm.),  respectively. 
Dr.  Stejneger  did  not  have  access  to  either  of  these  specimens,  nor  is  it  believed 
that  he  was  able  to  ascertain  the  methods  of  nu>asiirement  used,  thus  making  the 
records  suhjed  to  some  doubt.  Ditmars  (1907,  p.  117)  reported  that  the  largest 
specimen  he  hatl  measured  was  8  feet  3  inches  (2,515  mm.)  long.  l  ater  (1931,  p.  112) 
he  reported  specimens  8  feet  4  inches  (2,540  mm.),  and  8  feet  6  inches  (2591  mm.). 
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V.  (1913.  p.  499)  said  thai  lit:  had  seen  one  7'4  feet  (2,28G  mm.)  long  in  the  round, 
and  still  longer  skins.  Ortel  (1932,  p.  200)  records  an  8-foot  4-inch  (2,540  mm.) 
specimen. 

Rutledge  claims  several  encounters  of  note;  he  reports  (1938,  p.  19)  having  seen 
an  eastern  diamondback  8  feet  I  inch  long  (2,464  mm.);  he  killed  one  measuring 
7  feet  9  indies  (2,311  mm.)  that  weighed  54  pounds  and  had  18  rattles,  and  a 
neighbor  had  killed  an  8-footer  (1946,  p.  225).  He  writes  further  (1949,  p.  82):  "I 
have  carefully  measured  a  diamondback  that  was  8  feet  1 1  inches  (2,718  mm.)  long 
after  his  huge  head  had  been  shot  away.  Of  course,  he  was  something  of  a  record." 
Breland  (1948,  p.  213)  mentions  8-foot  6-inch  (2,691  mm.),  and  8-foot  9-inch  (2.667 
mm.)  spec  imens,  no  doubt  based  on  sonic  of  the  prior  records  1  have  alread\  (juotcd. 
But  Snyder  (1919,  p.  1).  in  sin  \ eying  the  operations  of  Florida  commercial  dealers, 
gi\es  the  record  as  7  1(  ( i  .'S  imhcs  (2,210  mm  ).  Telford  (1952.  p.  183)  reported  a 
7-foot  3-inch  snake,  15  inches  in  circunilerence,  taken  near  Eagle  Lake,  Polk 
County,  Florida. 

While  not  qualifying  for  the  7-foot  limit,  the  record  of  Olds  (1910,  p.  292),  who 
mentions  a  6-foot  11-inch  (2,108  mm.)  snake  from  North  Carolina,  is  worthy  of 
remark  as  being  the  largest  specimen  reported  from  outside  Florida,  if  we  neg- 
lect the  one  8  feet  4  inches  (2,540  mm.),  weighing  40  pounds,  said  to  have  been  killed 
by  two  boys  in  the  Big  Santee  Swamp  of  South  Carolina  (Wallace,  1950,  p.  116). 
Other  details  of  tliis  story  do  not  encourage  belief  in  its  accuracy.  Another  large 
diamondback  fioin  outside  Floiida  was  said  to  Iiavc  been  found  near  BcaunionL, 
Mississippi.  It  was  5  feet  1 1  inches  long,  and  weighed  31  pounds,  several  times  what 
a  snake  of  this  length  would  be  expected  to  weigh. 

Murrill  (1932,  p.  128)  says  that,  during  the  Mediterranean  fruit-fly  eradication 
campaign  in  Florida,  between  six  and  eight  thousand  eastern  diamondbacks  were 
killed.  Of  these,  only  one  approached  8  feet  (2,438  mm.)  in  length.  There  is  cer- 
tainly no  basis  whatevei  for  the  statement  of  Cunran  (1935,  p.  335)  that  9-foot 
(2,743  mm.)  specimens  of  adamanteus  are  not  rare. 

I  can  add  no  firsthand  information  to  this  discussion  of  record-breaking  speci- 
mens ol  adainantrus.  The  most  pertinent  observation  from  my  correspondents  is 
contained  in  a  letter  rccei\ed  some  25  years  ago: 

Ft.  Myers,  Florida,  October  27,  1927.  Today  has  been  one  worth  entering.  We  burned 
hammocks  for  several  hours  during  the  heat  of  the  day  on  what  is  locally  known  as  the 
Arcadian  Prairie.  This  locality  lies  between  Arcadia  and  Ft.  Myen.  We  got  four  king  snakes, 
10  diamond  rattlers,  3  pigniy  rattlers,  and  1  four-line  chicken  snake.  With  much  difFictiltv  we 
measured  one  large  rattler.  It  seemed  to  be  outstanding  among  its  average  4)^-  and  a-foot 
brothers.  After  several  checks  we  found  this  massive  specimen  to  be  within  an  inch  (one 
way  or  the  other)  of  7  feet  10  inches;  from  the  point  of  the  head  to  the  back,  3%  inches; 
circumference  at  the  middle  of  the  body  (abnormal  due  to  rage),  17Vi  indu"-.  I.ctigtli  of  tail, 
including  the  broken  rattle  of  ^  segments,  11  inches.  These  mcasureuienis  might  vary  a 
quarter  of  an  inch,  but  we  feel  that  they  are  very  nearly  correct  due  to  the  pains  and  trouble 
tochedt  our  data  twice.  This  specimen  was  <;old  to  a  snake  farm  at  Iknnton.  Florida. 

In  the  several  hundred  specimens  of  the  above  species  that  1  liavc  handled,  I  found  that 
the  average  is  about  4^2  to  5  feel  in  length.  Large  aduliM  are  generally  around  6  to  GV4  feet 
in  length.  It  seems  that  the  head  and  fangs  the  tatter  are  more  than  proportionately  larger. 
For  some  stian^e  reason.  sn:ikev  smaller  than  four  feet  in  length  are  not  found  so  often. 
J.  S.  C.  Boswell,  Alexandria,  l  a. 
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Reviewing  all  of  these  statistics  concerning  the  maximum  size  attained  by  this 
largest  of  rattlesnakes,  I  should  guess  that  very  rarely  the  eastern  dianiondhack 
does  nieasurc  8  feet  (2,-l'?8  mm.),  give  or  lake  an  inch  or  so.  Certain  theoretical 
calculations  may  be  made  with  regard  to  the  frequency  with  which  unusually  large 
individuals  of  any  species  may  be  expected  to  occur.  I  have  touched  on  such  calcu- 
lations elsewhere  (1937,  p.  23;  see  also  p.  296).  Applying  similar  assumptions  to 
adamanteus,  namely,  that  the  dispersion  curve  is  normal,  the  coefficient  of  vari- 
ability 15  per  cent,  and  that  the  average  fully  adult  male  adamantew  measures  5 
feet  (1,524  mm.),  we  find  that  one  specimen  out  of  every  263  adult  males  should 
have  a  length  of  7  feet  (2,1S4  mm.),  and  one  specimen  in  about  31,000  a  length  of 
8  feet  (2,438  mm.).  Of  course,  there  is  no  real  j^roof  yet  available  that  the  frc- 
quencv  of  occurrence  of  exceptionallv  large  indi\iduals  lollows  the  normal  proba- 
bility curve,  so  that  these  conclusions  arc  to  be  deemed  highly  speculative. 

Western  Diamondback.— The  western  diamond  rattlesnake  (C.  atrox),  especially 
in  some  parts  of  Texas  and  Oklahoma,  b  a  large  rattlesnake,  probably  second  only 
to  the  eastern  diamondback  (C.  adomnnteits)  in  size.  I  have  seen  some  large  speci- 
mens, certainly  exceeding  6  feet  (1 ,829  mm.)  in  length,  but  as  they  were  alive  they 
could  not  !){■  measured  either  safely  or  accurately. 

Ciotucrning  tins  spec  ies,  W.  .\.  King,  Jr.,  of  lirownsvillc,  1  e\as.  one  of  the  largest 
Connner(ial  snake  dealer^  in  the  Southwest,  wrote  me  on  Maich  H,  19.17: 

Checking  through  my  records  I  liiid  ihat  specimen  No.  J-6223  rccci\cd  at  our  farm  on  July  6, 
1926,  measured  7  feet  5  inches,  exclusive  of  the  rattle.  Its  drcumference  was  15.2  inches, 
weight  24  pounds.  Without  a  doubt  this  is  the  laigest  western  diamondback  ever  captured. 

and  cnnsidfring  tfic  fan  that  \vc  have  been  in  hnsincis  for  more  than  31  years  and  in  that 
time  ha\e  never  encountered  a  larger  specimen,  it  may  be  reasonal)ly  assumed  that  this 
species  never  measures  over  8  feet  in  length.  The  average  of  the  larger  specimens  varies  from 
6  feet  4  inches,  to  6  feet  10  inches. 

More  recently  (March  10,  1950)  Mr.  king  wrote: 

During  th«'  spring  of  1948  wc  measured  a  C.  atmx  at  7  feci  8  inches,  cxthuhnj^  the  rattle, 
't  his  is  only  3  inchc*s  longer  than  the  previous  record;  hoivever,  he  was  laigei.  We  fnnily 
believe  that  the  average  of  the  C.  atrox  collected  in  our  particular  area  runs  larger  than  the 
eastern  diamondback.  Specimens,  over  6  feet  long  are  common,  so  to  sjicak;  and  others 
ncarin'4  7  feet  :irc  not  iiiuisiial.  While  wc  no  lont;er  keep  .in  arrnratc  retort!  <if  lengths,  uc  do 
recoid  the  larger  s|K;cimens,  and  had  over  50  collected  last  year  in  excess  of  6  feet,  ami  12 
that  were  7  feet  long. 

y.  D.  Mitchell  (190.'?.  p.  f?9)  reported  that  the  largest  specimens  he  had  seen  in 
Texas  measured,  respettively.  2.  9,  10.  and  1 1  inches  over  0  feci  (1.S71,  .  2,08.H, 
2,108  mm.).  MotI  (1936,  p.  2)  wrote  that  he  had  caught  many  7-fooicrs  in  west 
Texas;  as  a  boy  he  had  seen  them  up  to  8  and  8%  feet  (2,438  and  2.591  mm.).  But 
his  heaviest  rattler  weighed  only  8V6  pounds — ^much  too  light  for  any  rattler  of  the 
lengths  mentioned.  A  6-foot  rattler  would  weigh  this  much,  a  7-footer  nearly  twice 
as  much.  From  this  we  may  conclude  that  Motl's  more  easily  ascertained  weight 
data  were  probably  more  accurate  than  the  lengths,  which  were  no  doubt  estimates. 

Moore  (1930,  p.  92)  saw  a  western  diamond  measuring  7  feet  2  indies  (2,18 }  mm.) 
in  .Atoka  Cf)unty,  Oklahoma,  and  another  8  feet  2  inches  (2,489  nmi.)  (after  the 
head  had  been  shot  oft)  near  McAlester  in  the  same  state.  Lane  (1946,  p.  20)  records 
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one  7'-*  feel  long  (2.2S()  mm.)  in  the  Deep  Fork  Ri\ci  bouoins  in  Oklahoma.  The 
AinnKun  Guide  Scries:  Texas  (1940,  p.  28)  says  that  the  western  diamond  attains 
a  length  of  9  feet  (2,743  mm.)  in  that  state,  a  figure  wholly  without  verilication. 

Curtis  (1949,  p.  1 3)  mentions  two  western  diamonds  collected  by  Dr.  Ira  E.  Nash 
as  having  lengths  of  7  feet  %  inch,  and  7  feet  8  inches  (2,159  and  2,337  mm.), 
respectively;  these  were  taken  near  Cedar  Hill,  Dallas  County,  Texas.  In  answer  to 
an  inquiry,  Mr.  Curtis  advised  me  that  the  snakes  were  placed  in  captivity  and 
were  measured  after  death.  It  is  stated  that  the  snakes  were  not  stretclied.  and  that 
the  measiucinents  were  made  from  the  tip  of  the  nose  to  the  l)ase  of  the  rattle. 

The  late  S.  H.  Walker  collet  t(  (l  wesiern  diamonds  in  the  saiulv  areas  of  the 
Coachella  \'alley  iiv  Ri\erside  County,  Calilornia,  over  a  number  ol  vears,  taking 
in  excess  of  7,000.  The  maximum  length  recorded  was  5  feet  7  inches  (1,702  nm».). 
This  is  not  to  be  taken  as  a  reflection  on  the  Texas  and  Oklahoma  reports,  since 
it  is  well  known  that  atrox  grows  to  a  larger  size  in  the  eastern  part  of  its  range. 
Polaski  and  Polaski  (1952,  p.  139),  in  describing  the  annual  rattler  roundup  at 
Waynoka,  Oklahoma,  said  that  the  largest  specinu  n  among  4,000  measured  5  feet 
8  inches  (1,727  mm.).  But  prior  drives  may  have  disposed  of  tlie  larj^est  rattlers 
ocdirrino;  there.  It  has  been  rumored  that  the  recent  record-breakers  have  been 
planted  imjjoi  tations  from  Texas. 

In  Texas  Cmne  and  Tish.  Jidy.  1954,  W.  G.  McMillan,  of  Lubbock,  Texas,  of- 
fered $5.00  per  inch  for  each  inch  by  which  a  Texas  rattler,  delivered  to  liim  in 
good  condition,  might  exceed  6  feet  in  length.  The  offer  was  repeated  in  1955 
(Texas  Game  and  Fish,  March,  p.  30).  Later  (May,  1955,  p.  31)  Mr.  McMillan 
reported  that  two  prize  winners  had  been  submitted;  they  were  6  feet  4  inches 
and  6  feet  9  indies  in  length. 

Altoj^ether.  the  e\itleiRe  indicates  that  the  western  diamonci  in  the  eastern  part 
of  its  habitat  may.  in  tare  instances,  attain  a  length  of  a  few  inches  over  7  feet 
(2,134  mm.).  But  1  cannot  claim  to  have  mcaiiurcd  one  of  this  size. 

Central  American  Rattlesnakes  and  Relatives. — ^The  Central  American  rattler 

(C.  d.  durissus)  is  one  of  the  largest  of  rattlesnakes,  hut  whether  it  <  \cr  exceeds  a 
length  of  6  feet  (1,820  mm.)  is  not  definitely  kno^vn.  March  (1928,  p.  60)  reported 
that  the  longest  in  his  experience  measured  slightly  less  than  (i  feet.  The  South 
Americ  an  laltler  (C.  d.  terrifirus)  is  slK)i  ter.  although  Machado  (1045,  p.  50)  ([nni(  s 
Ihei  ing  to  the  eliect  that  they  reach  1,800  nun.  (5  feet  11  inclies;  in  liia/il.  I  he 
type  specimen  of  Humboldt's  C.  loeflingii  from  Venezuela  was  said  to  measure 
1,720  mm.  (5  feet  8  inches).  Stedman's  claim  (1796,  p.  195)  that  these  snakes  reach 
8  to  9  feet  (2,438  to  2»743  mm.)  in  Surinam  is  no  doubt  fanciful. 

A  related  species,  the  Mexican  west-coast  rattler  (C  b.  bosillscus)  reaches  6  feet 
or  slightly  more.  Three  very  large  and  he  avy  individuals  of  this  species  were  born 
and  raised  in  the  San  Diego  /of).  One.  a  female,  attained  a  length  of  6  feet  8*2 
inches  (2,015  mm.)  and  a  weiglu  of  17  ]:)ounds  at  the  age  of  5  years.  Another,  a 
male,  measured  6  feet  7'-'  inches  (2.019  imn.)  and  weighed  15  pounds  14  ')ini((s 
at  the  age  of  10  years.  The  third  did  not  quite  reach  6  feet  (1,829  mm.;.  AH  three 
became  exceedingly  obese.  Knowing  the  considerable  effect  that  captivity  has  on 
the  life  and  growth  of  rattlesnakes,  we  cannot  be  sure  that  C.  b.  basiliscus  attains 
a  length  of  6  feet  in  the  wild,  although  it  probably  does. 
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Canebrake  and  Timber  Rattlesnakes, — There  seems  little  doubt  that  the  canebrake 
rattlesnake  (C.  //.  atricaudatus)  occasionally  attains  a  Icni^ih  slightly  in  excess  of 
6  feet  (1,829  mm.).  In  1937  Percy  Viosca  ot  New  Orleans  wrote  nie: 

rtic  larprsi  (anfl)rakc  rattlesnake  that  I  recall  measuiinjr  was  C  feet  2  inches.  W'c  get 
pei-sistciU  reports  of  rattlesnakes  over  8  feet  long,  but  untortunaicly  1  iia\c  ne\cr  L>ccn  able 
to  verify  any  of  them.  I  have  a  photograph  of  an  8-foot  skin,  but  this  probably  means  a 
6-foot  snake. 

In  1950  Mr.  V  iosca  advised  me  that  no  larger  specimen  than  tlie  one  above  men- 
tioned had  come  to  hand  since  the  previous  report. 

The  late  £.  A.  McIIhenny,  of  Avery  Island,  Louisiana,  wrote  me  in  1945  that  he 
had  just  measured  two  of  the  laigest  specimens  of  this  subspecies  that  he  had  ever 

seen;  they  were  6  feet  2  inches,  and  6  feet  inches  (1,880  and  1,892  mm.).  He 
stated  that  the  measurements  were  to  the  base  of  the  rattles.  Gowanloch  (1943, 
p.  53)  mentions  a  sj)ccinien  0^1'  feel  (1,981  mm.)  long.  Andre  Trawick  of  the  Lake- 
shore  area  claimed  to  liave  killed  one  measiiiins;  (i  teet  lOV^  inches  (2,096  mm.); 
this  inlormation  was  received  through  Mr.  \'io.sca. 

The  nortliern  subspecies,  the  timber  rattlesnake  (C.  h.  horridus),  sometimes 
reaches  almost  as  great  a  length  as  its  southern  relative,  the  canebrake.  Br>  an  ( 1 879, 
p.  322)  mentioned  a  New  Jersey  specimen  6  feet  2  inches  (1,880  mm.)  in  length; 
and  Ditmars  (1931,  p.  114)  reported  one  of  the  same  length  from  Massachusetts. 

Miscellaneous  Species. — Aside  from  the  kinds  previously  listed,  1  doubt  whether  any 
other  subspecies  of  rattlesnake  attains  a  length  exceeding  6  feet  (1,829  mm.).  As  a 
boy  in  San  Diego  County  m<Mre  than  50  years  ago,  I  thought  that  6-foot  red  diamond 
rattlers  (C.  r.  ruber)  were  rather  common.  But  this,  it  has  since  turned  out,  was 
merely  an  unfounded  opinion,  for  actual  measurements  of  the  largest  specimens 
that  have  been  brought  to  the  San  Diego  Zoo  during  the  past  30  years  ha\e  failed 
to  disclose  any  exceeding  5  feet  (1,524  mm.)  by  more  than  an  inch  or  so.  And  there 
are  plenty  of  primiti\c  areas  in  this  county  and  below  the  boundary  line  in  Baja 
California,  where  such  a  nionster  might  grow  undistui  bed.  Sibley  (1951,  p.  47) 
mentions  a  ruber  6  feet  3  inches  (1,905  mm.),  but  this  requires  conhrmation  with 
respect  to  identification  and  method  of  measurement.  I  doubt  whether  the  San 
Lucan  diamondback  (C.  r.  luceuensis)  grows  quite  so  large  as  ruber. 

Although  specimens  of  the  various  subspecies  of  Crotalus  viridis,  including  the 
prairie  rattler  (C.  v.  viridis),  the  Great  Basin  rattler  (C.  v.  lutosus),  the  northern 
Pacific  rattler  (C.  v,  oreganus),  and  the  southern  Pacific  rattler  (C.  v.  helleri),  are 
frequently  said  to  attain  a  length  of  0  feet  (e.g.,  Awrricnn  (liiiclr  Series:  Idaho.  1937, 
p.  130),  1  doubt  whether  the\  ever  e\(ccd  5  icet  by  more  than  one  or  two  inches, 
and  even  this  length  is  cjuite  exceptional. 

Carlandcr  and  Moorman  (1951.  p.  105)  mention  a  C.  v.  viridis  fi  feet  2  inches 
(1,880  mm.)  long,  but  this  certainly  requires  confirmation.  A.  M.  Jackley  informed 
me  that,  among  the  thousands  of  prairie  rattlers  killed  by  him  in  South  Dakota, 
the  longest  measured  52  inches  (1,321  mm.).  I  have  one  reliable  record  of  57  inches 
(1,448  mm.). 

The  maximum  record  ff>r  a  Great  Basin  rattler  (C.  v.  lutosits)  that  f  consider 
reliable  was  of  one  53  iiulies  (1, 3 1(5  mm.)  long  rej>orted  bv  S.  G.  Je\vttt.  I  h;i\e  had 
reports  ot  specimens  of  the  northern  Pacific  (C.  v.  oreganus)  from  A.  C.  Mackie  of 
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5  left  }  inches  ( I  ,()2G  iiiin.),  (olliclctl  near  Pcnticloii.  liiiiisli  ( ioliiiiihia :  and  one 
from  C.  G.  I  humpson  of  5  Icet  2  inches  (1,575  mm.),  taken  near  Yoscniitc  \  alley, 
California. 

Elsewhere  (p.  305)  I  have  discussed  the  relationship  between  length  and  weight 
in  rattlesnakes.  It  has  been  indicated  that  a  7-foot  rattler  would  weigh  about  15 
pounds,  and  an  8-footer  about  23  pounds.  1  he  hea\  iest  rattler  of  which  I  have 
heard  was  the  7-foot  5-inch  western  dianioiul  reported  by  W.  A.  King,  Jr.,  which 
was  said  to  liave  weighed  21  pounds.  Rattlesnakes,  while  by  no  means  the  lonoest 
vtiionious  snakes — the  king  cobia.  attaining  a  length  of  at  least  18  feet,  holds  this 
distinction — jjrobably  attain  a  gi eater  weight  than  any  oilur  \('noinons  snake, 
allhough  no  doubt  closely  approached  by  some  ot  the  thick-bodied  vipers  oi  .Alrica. 

Prehistoric  Rattlesnakes 

Brattstrom  (1954b,  pp.  35-36)  has  described  two  extinct  kinds  of  rattlesnakes  that 
he  believes  to  have  been  largn  than  any  existing  species,  basing  this  conclusion 
on  a  comparison  of  the  size  of  their  vertebrae  with  tliose  of  existing  rattlesnakes. 
One  that  he  has  named  Crotalus  gigauteiis  may  have  readied  a  length  of  12  feet; 
the  olhci.  C.  adamantrus  plcistojioridrnsis .  a  probable  nnrcstfii  (A  the  existing 
eastern  dianiondback,  is  presumed  to  have  been  9  or  10  leet  long.  The  iossils,  from 
which  these  forms  were  described,  were  found  in  Florida,  and  are  of  the  Pleistocene, 
or  glacial,  epoch.  The  evidence  of  these  lat^e  rattlers  of  a  b^one  age  does  not  in 
any  way  validate  the  stories  of  huge  rattlers  existing  today. 

BODY  PR01»0RT10NS 

Bulk 

Rattlesnakes  are  heavy-bodied,  that  is,  they  are  thick  in  pioportion  to  lengtli,  when 
compared  with  most  snakes.  Yet  they  are  by  no  means  outstanding  in  this  respect, 
for  some  African  vipers  are  proportionately  much  thicker,  to  say  nothing  of  some 
boas  and  pythons.  The  thickness  of  a  snake's  body,  whether  in  terms  of  diameter 
or  circumference,  does  not  lend  itself  to  accurate  measurement.  .\  live  snake  can 
swell  its  body  with  an  intake  of  air,  and  can  flatten  it  as  well:  and  a  dead  snake  is 
afiectcd  bv  the  j)osiiion  ami  tlie  diameter  of  the  coil  in  which  it  has  been  allowed 
to  set  in  preservative,  l  or  iliese  leasons  the  length-weight  relationship  is  a  better 
criterion  of  bulk  than  the  coirelation  of  length  with  the  diameter  at  mid-body. 

The  length-weight  relationship  has  been  discussed  elsewhere  (p.  337).  It  has 
been  shown  that  female  rattlers  are  heavier-bodied  than  males  of  the  same  length, 
and  that  adults  are  proportionately  thicker  than  young.  It  has  likewise  been  deter- 
mined (Klauber.  19.S7,  p.  42)  that  there  are  species  differences,  for  the  southern 
Pacific  rattler  iC.  v.  Iicllrri).  the  southwestern  speckled  lattler  (C.  m.  pyrrhus),  and 
notably  the  side^vindcr  ((.'.  <rr(istcs).  .itc  stouter -bodied  than  llie  prairie  lattlesnake 
(C  7'.  t  iridis).  Muc  h  ic  niains  to  be  clone  in  eslal)lisliing  sjxcies  difierences  in  bidk; 
lor  individual  dillerences,  caused  by  success  in  obtaining  food,  the  season  oi  the 
year,  and  the  breeding  condition  of  females,  are  so  extensive  that  the  measurements 
and  weights  of  large  numbers  of  snakes  at  all  stages  of  growth  must  be  available  if 
dependable  averages  are  to  be  obtained. 
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Head  Dimensions 

The  head  sizes  of  rattlesnakes,  in  proportion  to  the  lengths  of  their  bodies,  differ 
considerably  among  the  several  species,  some  kinds  having  conspicuously  large 
heads  and  others  small,  compared  with  the  generic  average.  These  differences  are 
of  some  value  in  segregating  species  and  dciei  nnning  their  relation sliips.  Tlicy  are 
also  of  some  practical  importance,  since  laige-lieacled  sjjccies  tend  to  have  longer 
fangs  and  moic  venom,  and  tliercforc  arc  likely  to  be  the  more  tlangcrous. 

Some  years  ago  (Klaiihcr.  H)3iS)  I  maile  a  railur  iklaikd  siiuly  ol  raillesnake 
head-lenglli  jMoporticjnalities,  with  the  particular  object  ot  determining  specific, 
ontogenetic,  sexual,  and  individual  differences.  The  following  outline  summarizes 
the  results  set  forth  in  that  study,  to  which  readers  seeking  greater  detail  may  refer. 
However,  to  the  extent  that  head  ratios  are  included  in  the  tables  that  follow,  they 
are  to  be  considered  as  superseding  those  in  the  1938  presentation,  since  they  are 
based  on  enlarged  collections. 

In  the  course  of  preservation,  some  shrinkage  of  the  luad,  disproportionate  to 
the  shrinkage  of  the  body,  was  disclosed,  an  average  head  reduction  of  0.8  per 
cent  bcini;  evident,  while  the  Ixulv  siuank  oiilv  2  per  cent.  l-Or  tliis  reason  the 
head  length  should,  where  possible,  be  deiei  mined  pi  iur  to  preserv  ation.  This  can 
best  be  done  just  after  the  snake  has  been  killed  and  is  still  soft,  for  measurements 
of  live  specimens  cannot  be  made  with  accuracy,  and  they  involve  some  danger  as 
well.  The  head  length  is  taken  as  the  distance  from  the  tip  of  the  snout — ^the  ver- 
tical face  of  the  rostral  scale — to  the  posterior  end  of  either  mandible. 

Sexual  dimorphism  was  first  investigated.  No  consistent  difference  was  disclosed 
between  the  males  and  females  with  respect  to  the  ratio  of  tlieir  head  lengths  to 
lengths  over-all,  except  in  case  of  the  sidewinder  (C  cerastes).  In  this  species  the 
female  was  found  to  iiave  a  jjrojjortionatelv  largei  head.  'Iliis  rattlesnake  species  is 
also  peculiar  in  being  the  only  one  in  which  the  lemale  grows  to  a  larger  si/e  than 
the  male.  As  has  been  shown  in  the  prior  paper  (p.  36),  these  two  deviations  from 
the  rattlesnake  normal  are  probably  interrelated. 

In  investigating  a  character  such  as  head  length,  which  obviously  changes  with 
body  growth,  the  problem  is  to  determine  the  nature  of  the  correlation  between 
head  and  body,  whether  represented  by  a  linear  equation  or  one  of  higher  degree, 
and  how  closely  the  indi\  iduals  adhere  to  the  regression  h'ne  teprcscnting  the  mean 
of  the  grou]3.  In  tlie  prestnt  instance  the  lelationship  was  found  to  I)e  sul)staiitia]Iy 
linear  in  every  sul)sj)ecies  investigated.  A  graphic  rei)resentation  ol  the  relationshij) 
in  one  subspecies,  the  red  diamond  rattler  (C.  r.  rube)),  is  shown  in  hgure  4:1.  A 
Straight-line  regression  of  this  t)  pe  can  be  expressed  algebraically  by  an  equation  of 
the  form  if = oL  +  d«  where  H  is  the  head  length  at  any  over-all  length  L,  and  a  and 
b  are  constants  which,  however,  differ  for  each  subspecies.  The  lengths  are  ex* 
pressed  in  millimeters. 

In  the  case  of  tlie  ruber  line  shown  in  fissure  1:1,  the  e(piatioii  is  //  —  0.0.SH.5/.  + 
8.0,'  Using  this  equation  one  m;iy  determine,  for  example,  that  a  young  ruber 
having  a  body  length  of  300  mm.  would  have  a  head  length  of  19.55  mm.,  and  an 
adult  1,300  mm.  hmg  would  have  a  head  length  of  58.05  mm.  It  should  be  undcr- 

*This  tiilfcrs  suiiicwhal  from  the  ccjuaiioii  i.;i\Lii  in  Uic  ta()lc  thai  fulluus.  1  he  regression  line  in 
figure  4:1  was  based  on  100  specimens  of  ruber,  whereas  the  ooefficients  listed  in  the  table  were 
determined  from  the  measurements  of  several  hundred  heads. 
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stood  that,  in  citing  figures  to  one  onc-hunchcclih  o£  a  millimeter,  I  am  not  suggest- 
ing that  the  heads  ran  be  measured  to  any  such  dcgice  of  accuracy,  or  that  the 
formula  itself  \varrants  an  expression  of  head-length  averages  to  one  one-hundredth 
of  a  millimeter.  These  figures  arc  given  only  so  that  the  reader  may  check  the  use 
of  the  formula.  It  would  be  more  practical  to  state  that  a  300-mm.  ruber  has  a  head 
length  of  about  19%  mm.,  and  a  1,300-mnL  snake  one  of  about  58  mm.  These  are 
only  average  figures;  individual  snakes  will  fall  above  or  below  the  average,  the 
extent  of  the  dispersion  being  indicated  by  the  small  drdes  representing  individual 
snakes  in  the  ruber  example  portrayed  in  figure  4: 1. 
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Fig. 4:1. Relationship  lunvci  n  the  im-iii  <>r  iiu-  ticaii  ami  c)f  the  body  (over.all)  in 
100  red  diainond  ralllcsuakcs  (C.  r.  ruber). 


1  he  other  species  and  subspecies  of  rattlesnakes  have  been  investigated  by  the 
use  of  diagrams  similar  to  that  shown  for  C.  r.  ruber,  and  straiglit-line  equations  of 
the  form  H=aL  +  b  have  been  deduced  for  all  subspecies  of  which  sufficient  speci- 
mens were  available  to  afford  foirly  reliable  trend  lines.  The  results  are  set  forth 
in  table  4:2.  The  invariable  presence  of  the  positive  term  b  in  these  head-length 
equations  indicates  that  young  rattlers  have  proportionately  larger  heads  than 
adults,  a  common  condition  amonj?;  animals.  For  example,  lakiiii^  the  'U)()-inm. 
(young)  and  1, 300-mm.  (adult)  red  diamonds,  we  find  that  the  juvenile  has  a  head 
comprising  CVj  per  cent  of  its  length  over-all,  whereas  in  the  adult  the  liead  length 
is  only  4 /i  per  cent. 

There  are  those  who  object  to  a  straight-line  formula,  such  as  that  disdosed,  for 
a  relationship  of  this  type,  for  it  is  clear  that  the  formula  cannot  be  valid  during 
the  prenatal  stagjs,  since,  theoretically,  a  snake  of  no  body  length  at  all  would  have 
a  head  equal  to  the  length  b.  Curves  of  the  parabolic  type  H  —  cL''  arc  found  to  be 
accurate  representations  of  many  relationships  involving  relati\  e  growth  and  body- 
part  proportionality,  and  such  curves  are  theoretically  preferable  to  straight  lines 
since  thcv  pass  through  tlie  origin;  thus  a  {  leaiure  of  /eio  body  length  would  have 
a  head  of  zero  length.  But,  in  the  present  study,  it  was  found  that  linear  equations 
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oC  the  type  first  discussed  fit  the  actual  iKad-body  variations  from  juvenile  to  adult 
stage  even  better  than  those  of  the  parabolic  iy[>c.  ami  have  the  additional  advan- 
tage of  simplicitv  in  both  dcrixation  and  use.  It  is  to  be  admitted  that,  in  several 
subspecies,  the  ecjuation  gives  a  figure  for  the  head  length,  at  about  half  growth, 
slightly  below  a  true  figure.  Elsewhere  (1948,  p.  8)  I  have  set  forth  the  coefficients 
and  exponents  of  the  parabolic  equations  representing  the  head-length  propor- 
tionality of  a  number  of  series  of  rattlers  of  different  kinds,  but  I  do  not  consider 
these  determinations  of  sufficient  practical  use  to  be  reproduced  in  the  present 
summary. 

With  regard  to  the  dispersion  of  individuals  about  the  straight  lines  of  best  fit, 
it  was  found  in  the  earlier  study  that,  ontogenctically,  the  dispersion  is  nearly  uni- 
form on  a  jjcrccntagc  basis,  but  increases  slightly  in  the  adult  stage,  as  (omjjarcd 
with  the  ju\cnilc.  The  coefficient  of  variation  of  head  length  about  the  head-body 
regression  line  was  found  to  vary  from  about  2%  to  3%  per  cent.  The  distribution 
is  substantially  normal. 

With  this  type  of  dispersion,  it  is  possible  to  use  head-length  as  a  diagnostic 
character,  that  is,  in  differentiating  two  species  or  subspecies.  It  is  first  necessary  to 
compute  the  probable  head-length  of  each  specimen  of  the  two  scries  to  be  com- 
pared, at  some  standard  length  over-all,  and  then  to  deternnne  the  significance  of 
the  dilTcrencc  l)ct\veen  the  two  series.  Examples  of  this  method  are  set  forth  in  the 
prior  paper  (Rlaubcr,  10.S8,  p.  20):  also,  the  general  use  of  ijody  pans,  -whose 
j)roporiionalities  vary  ontogenctically,  to  determine  the  significance  of  species  or 
sexual  diflerences,  has  been  further  discussed  in  other  connections  (Klauber,  1943a, 
pp.  40, 46;  1945,  p.  70).  I  have  also  treated  elsewhere  (1938,  p.  29)  the  rdationship 
between  dwarfed  forms  and  their  prototypes,  and  have  reached  the  conclusion  that 
the  adults  of  the  two  forms — ^the  dwarf  and  its  prototype — tend  to  have  the  same 
head  proj)ortionality  at  corresponding  ages  rather  than  at  similar  body  sizes. 

In  the  former  discussion  (19,'^R.  p.  39)  I  simimari/ed  the  differences  evident  be- 
tween the  various  species  of  rattlesnakes.  Some  of  these  difTcrcnfes  aic  cjuite  con- 
spicuous, for  some  species  deviate  materially  from  the  rattlesnake  mode.  For 
example,  the  tiger  rattler  (C.  tigris)  and  tiie  San  Lucan  speckled  rattler  (C.  m. 
mitchelli)  have  notably  small  heads;  whereas  those  of  the  Mexican  blacktail  (C. 
m.  nigrescens)  and  the  eastern  diamondback  (C.  adamanteus)  are  outstandingly 
large.  To  summarize  these  differences  in  head  proportionality,  the  head-length 
trend-line  equations  of  most  rattlesnake  subspecies — those  of  which  adequate 
specimens  are  availal)le — are  set  fortli  iu  i  ihh  1:2;  also,  there  are  presented  the 
head  lengths  at  birth  mid  ;it  the  staiulaid  si/e  designated  as  a  large  male  (for  each 
subspecies),  as  well  as  the  number  of  times  the  head  is  contained  in  the  length 
over  all  at  birth  and  at  full  growth  (as  represented  ijy  large  males),  i  his  latter 
method  of  stating  head-length  proportionality  is  somewhat  easier  to  visualize  than 
its  reciprocal — the  head  length  as  a  percentage  of  the  body  length.  The  marked 
differences  between  the  figures  in  the  final  two  columns  of  table  4:2  should  readily 
convince  m  vone  of  the  important  inaccuracy  residting  from  averaging  head-length 
proportionalities  r^jardless  of  age — as  is  not  infrequently  seen  in  taxonomic 
studies. 

It  is  of  iuterc>st  to  determine  the  natine  of  the  generic  trend  in  ratth  snake  head 
sizes  by  means  of  a  scatter  diagiani,  in  which  each  subspecies  is  represented  by  a 
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TABLE  4:2 


Correlation-  of  Head  Length  (H)  with  Body  Lenoth  (L) 
Equation:  /f  >  aL  +  b.  All  dimensioiu  in  milliraetera 


BubapeciM 

ft 

b 

ValoMof 

ValuM  of  L/ir 

At  birth 

Of  larn> 

At  birth 

0.0415 

0.4 

23.9 

86.2 

14.6 

21.6 

0  0351 

8  7 

20  3 

68  4 

in  2 

24.9 

0.0333 

9.7 

20  7 

66.3 

16  0 

25.6 

0.0368 

5.8 

12  2 

26.0 

14  3 

21.2 

cercobombuB  

0.0381 

6.6 

12  5 

28.4 

14.8 

21.1 

0.0378 

6  0 

13  2 

30  2 

1  )  4 

21.2 

0.0302 

12.1 

21.6 

60.4 

14.6 

26.5 

0.0366 

10.4 

21.9 

68  8 

14  4 

23.3 

0  0351 

9.2 

19  9 

58  3 

15  3 

24.0 

0  0333 

9  2 

19  7 

62  4 

16  0 

25  6 

0.0368 

9.2 

20.8 

68.1 

15.1 

23.5 

0.0304 

7.5 

14.8 

383 

15.7 

25.5 

.... 

30.0 

0  0354 

8.2 

16.7 

40.1 

14.4 

22  4 

0.0324 

9.1 

18.3 

49.6 

15.6 

25.2 

0  0328 

9.2 

19.0 

56.8 

15.8 

25.5 

C.  intermedivs  inter medius  

0  0327 

6  1 

11  0 

22  5 

13  6 

22.2 

0.0337 

5.9 

11.3 

24.4 

14.2 

22.5 

0.03S0 

6.3 

13  0 

29  1 

14.6 

22.3 

0  0345 

6  6 

13  3 

29  7 

14  7 

22.6 

0  a344 

7  1 

13.6 

29  4 

14  0 

22  I 

('   milrhflli  niitchelli   

0.0286 

7.9 

14.8 

34.8 

16.2 

27.0 

0.0353 

6.6 

13  1 

28.5 

14  1 

21.8 

0.0371 

7  0 

in  s 

47  S 

I.'-)  8 

23  0 

0.0324 

7.6 

15.1 

35.8 

15.2 

24.3 

0  0998 

6.8 

17.9 

54.8 

15.6 

21.9 

0  0405 

8.8 

19.7 

55  4 

13  7 

20.8 

0  0367 

6  4 

14  8 

37  6 

15  5 

22  6 

0.0395 

5.0 

11.3 

26.7 

14.2 

20.6 

0.0442 

3.8 

11  5 

31.2 

15.2 

19.9 

0.0374 

S  4 

10  6 

60.8 

15  3 

23  0 

0  0375 

8,9 

19  8 

57  7 

14  6 

22  5 

0.0316 

8.7 

17.1 

43.5 

15.5 

25,3 

91  9 

0  0300 

.  *.  •  . 

0  0 

14*1 

27  0 

12  1 

22.2 

S  Q 

14.2 

28.5 

14.8 

27.0 

00315 

8.1 

16.0 

39.6 

15.6 

26.3 

0  0421 

5  S 

13  2 

31  9 

13  3 

19.4 

0  0.360 

7.2 

13  5 

29  5 

13  0 

21  0 

0  0340 

9.0 

17.0 

41.3 

13.8 

23.0 

0.0345 

7.7 

17.0 

51.5 

15.9 

22.3 

0  0330 

8  0 

16  3 

41  0 

15  3 

24  4 

0  0367 

7  4 

14.4 

31.3 

13  2 

20,8 

0.0353 

7.5 

16.5 

44.6 

15.4 

23.5 

0.0309 

7.5 

13.8 

30.7 

14.9 

24.4 

0  0361 

8  2 

18  1 

51 

15.2 

23  3 

0.0337 

7.5 

16.4 

46.3 

16.2 

24.8 
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TABLE  4a— Continued 


Subcpeciea 

• 

b 

Values  of  ir 

ValuwofL/JSr 

At  birth 

Of  laree 
males 

At  birth 

Of  UiVRr 
males 

C.  eiridii — Continued 

0.0324 

7.3 

13.1 

28.4 

13.7 

22.9 

onaatuu ...  .... 

0  0330 

7.6 

16.8 

46.6 

16.1 

24.7 

0.0888 

6.8 

18.2 

28.5 

12.5 

19.6 

7tirrvliorudia  

19.3 

0.Q388 

6.2 

12.8 

29.1 

13.3 

20.3 

0.0802 

9.3 

15.9 

35.0 

13.8 

24.3 

0  0340 

S  1 

15  4 

35,3 

14  0 

22.7 

0  0343 

7  0 

12  5 

25  2 

12.8 

21.0 

0.0356 

6.5 

12.6 

28.9 

13.5 

21.8 

0.0357 

7.1 

13.0 

20.6 

12.7 

21.3 

0.0388 

6.8 

18.6 

30.0 

12.0 

20.1 

single  point,  as  located  by  the  average  head  si/c  of  :i  large  male  of  that  subspecies 
plotted  against  the  corresponding  length  of  body  of  a  large  male — that  is,  using  the 
figures  in  colinnn  1  of  tabh:  1:1  and  column  i  of  lal)lc  1:2  as  co  ordinates.  It  is 
found  that  llic  rclati()n^Ilij)  is  rlf)S(  ly  rcpi  i  sciUrtl  l)y  the  etjuaiion  H  —  ?)7.5/>  +  3, 
where  //  is  expressed  in  milluneters  and  /.  in  meters.  1  he  constant  term  indicates 
that  the  generic  trend  is  similar  to  the  ontogenetic  trend  within  subspecies,  namely, 
smaller  subspecies  tend  to  have  larger  heads,  relatively  speaking,  than  the  large 
subspecies.  Another  useful  generic  scatter  diagram  is  that  in  which  L/H  is  plotted 
against  L.  This  has  the  advantage  of  accentuating  the  deviations  of  individual 
subspecies  from  the  generic  norm.  For,  one  cannot  compare  adult  head  propor- 
tionalities, as  shown  in  the  final  column  of  tabic  4:2,  without  taking  into  considera- 
tion the  noi  nial  generic  tendency  o£  smaller  rattlers  to  have  proportionately  larger 
hcatls  than  their  larger  relatives. 

ll  is  found,  from  this  study  of  departures  from  the  generic  norm,  tiiai  the  rattle- 
snakes with  unusually  large  heads  are,  among  the  smaller  kinds,  wtllardi  and  its 
subspecies,  triseriatus  triseriatus,  pusillus,  and  ravus;  nigrescens  is  large-headed 
among  the  medium-sized  subspecies,  and  adamanteus  among  the  large.  Those  with 
abnormally  small  heads  are  omiltevianus,  intermedins,  and  nuntius  among  the 
small  subspecies;  and  enyo,  cerralvemis,  tigris,  and  mitrltclli  among  the  medium- 
sized.  1  he  last  two  arc  outstanding  in  their  deviation  from  the  generic  trend  line. 
No  large  rattlesnakes  have  exceptionally  small  heads. 

Head  widths  were  also  investigated,  although  it  was  found  that  width  measure- 
ments cuuld  nul  be  made  with  the  same  accuracy  as  tliose  of  length.  It  wa.s  learned 

that  adult  rattlers  have  wider  heads,  proportionately,  than  juveniles.  The  coefficient 
of  variation  of  width  about  the  width-length  regression  line  is  about  5  per  cent. 
Most  rattlesnakes  have  a  head-width  to  head-length  ratio  of  about  62  to  72  per 

cent  at  birth;  and  74  to  83  percent  at  maturity.  The  Mexican  lance-headcd  rattler 

(C.  polystictus)  and  the  Lower  California  rattler  (C.  enyo)  arc  notable  for  their 
narrow  heads,  whereas  the  speckled  rattlers  (C.  niitcliclli)  and  sidewinders  (C. 
cerastes)  are  cliaracterized  by  wide  heads.  As  to  head  depth,  narrow-headed  rattlers 
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tend  to  lia\('  deep  heads  tonipareil  lo  ihcii  widtlis,  and  wide-headed  latllcrs— 
notably  the  south  western  speckled  laiilci  (C.  m.  pyn/ius) — have  especially  shallow 
heads. 

Tail  Dimensions 

Rattlesnakes  have  relatively  shoii  tails.  In  most  snakes,  the  tail,  aside  from  Ijeing 
the  repository  of  the  scent  glands,  and  the  retracted  hcmipcncs  in  the  male,  is  used 
primarilv  as  an  aid  to  locomotion,  and  in  some  snakes  for  holding  and  elimbing. 
But  in  the  rattlesnakes  the  tail  is  foieshortcned  by  the  alladunent  of  the  rattle, 
and  lontui  rently  serves  ])rincipaliy  as  a  nurscular  rati  le  \  ibi  aior.  Rattlesnakes 
exhibit  some  species  dilference  in  tail  lengtli,  when  they  are  compared  in  terms  of 
the  ratio  of  the  length  of  the  tail  to  the  length  of  the  snake  over-all.  In  determining 
the  tail  length,  the  measurement  is  made  from  the  center  of  the  anal  plate  to  the 
anterior  edge  of  the  proximal  rattle. 

Nearly  all  snakes  exhibit  a  considerable  sexual  dimorphism  in  tail  length,  and 
ontogenetic  differences  arc  also  manifest.  1  hesc  dilfcrcnccs  lia\e  been  in\estigatcd 
in  a  previous  study  (Klaubei  .  191.'5a).  wherein  ontogeneti( al  dianges  were  set  forth 
in  table  9,  and  sexual  diiiioi  jjliisiu  in  tables  11  to  It  was  tound  tiiat  the  tail 
proportionality  changes  considerably  with  age;  it  is  usual,  although  not  universal, 
for  the  ratio  of  the  tail  to  the  length  of  the  snake  over-all  to  increase  with  age. 
This  is  particularly  evident  in  the  males.  Slim  snakes  tend  to  have  proportionately 
longer  tails.  The  rattlers,  being  heavy-bodied  or  thick  snakes,  would  be  expected  to 
have  short  tails,  even  were  they  not  abnormally  shortened  by  the  attachment  of 
the  rattles.  1  heir  nearest  relatives,  the  pit  vipers  of  the  genera  Agkistrodon  and 
Bothrnps.  are  short-tailed. 

St  xual  dinior  jjhism  is  hi^hei  in  short-  than  in  long-tailed  genera;  it  is  eoi  icspond- 
ingh  higli  among  ilu  i aitlesnakes.  On  the  contrary,  however,  ontogenetic  ciiange, 
that  is,  a  change  in  proportionate  tail  length  as  a  snake  grows,  is  found  to  be  less 
in  the  rattlesnakes  than  in  most  other  snakes.  In  fact,  it  can  virtually  be  ignored 
in  the  males,  although  of  some  importance  in  the  females,  whose  tails  become 
proportionately  shorter  as  the  snakes  age.  The  tails  of  the  males,  on  the  other  hand, 
to  the  small  extent  that  they  change  as  the  snake  grows,  tend  to  become  slightly 
longer  in  proportion  to  the  length  of  the  snake  over-all.  l  lie  sidewindeis  are 
exceptional,  in  that  both  sexes  ba\e  ])roporlionalely  longer  tails  when  adults,  the 
males  to  a  greater  extent  than  tlu  females. 

As  was  the  case  with  head  i^i  oportionality,  it  is  found  that  the  variation  in  the 
tail-length  ratio  that  takes  place  as  a  snake  ages,  may  be  expressed  by  a  straight- 
line  equation,  although  in  this  case  it  is  necessary  to  treat  the  sexes  separately 
(Klauber.  1913a,  p.  52).  The  variation  of  the  individual  specimens  about  theregres^ 
sion  line  is  found  to  be  higher  than  in  the  head  studies,  such  \aiiaiions  usually 
1  unning  from  (>  to  9  per  cent.  The  percentage  of  \ariation,  that  is,  of  the  dispersion 
about  the  regression  line,  tends  to  be  c<)t)stant  ihiou-^hout  life. 

Because  of  the  relatively  slight  ontogenetic  vaiiation  in  the  rattlesnakes,  it  is 
feasible  to  neglect  such  changes  in  taxonomic  studies,  except  in  the  most  exacting 
problems,  or  where  one  of  the  series  to  be  compared  is  composed  predominately  of 
juveniles  and  the  other  of  adults.  On  the  average,  it  was  found  that  male  tail-ratios 
increase  about  1%  per  cent  as  the  snakes  grow  from  youth  to  age,  whereas  the 
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females  correspondingly  decline  by  4K'  per  cent.  Data  on  the  regression  lines  of  52 
different  series  of  rattlers  will  be  found  in  the  jircvious  paper  (RIauber,  19-13a, 
tabic  19).  A  few  of  the  lines  u  preseiuini^  Mexican  sjKxics  Iia\  e  now  l)een  ani(  n(l''(l, 
based  on  new  material.  I  he  new  equations  ai  e  set  forth  luuler  the  several  sub- 
species in  another  paper  (Klauber,  1952,  pp.  7.  21,  26,  3(i,  -11,  49,  54,  62,  68,  73,  77, 
80,  92,  97,  105, 107,  111.  and  113). 

Although  it  is  usually  proper  to  ignore  ontogenetic  variation,  sexual  differences 
in  tail  proportionality  can  never  be  n^lected  in  taxonomic  problems  involving 
'  rattlesnakes,  for  the  tails  of  the  males  are  longer  than  those  of  the  females  to  an 
important  degree,  varying  from  a  minimum  of  about  Ki  per  cent  (of  the  female 
length)  in  the  pigmy  rattlesnakes  (Sistntrus  rniliariits)  and  19  per  cent  in  the  south- 
western speckled  rattler  (C.  w.  pyn  Jiiis).  to  as  high  as  13  to  52  jx  r  cent  in  some 
subspecies  of  the  Neotropical  rattlesnake  (C.  durissus),  the  Lower  California  rattler 
(C.  enyo),  and  the  sidewinder  (C.  cerastes).  In  most  species  of  rattlers  the  male  tail- 
length  superiority  is  of  the  order  of  28  to  35  per  cent. 

With  regard  to  the  percentage  of  over-all  length  represented  by  the  tail,  this,  in 
most  species,  runs  from  7  to  9  per  cent  in  the  males,  and  from  5  to  6.9  per  cent  in 
the  females.  The  figures  for  the  adults  of  such  subspecies  as  are  a\ailable  in 
adequate  numbers  to  assure  reasonable  a(  curacy  are  presented  in  table  4:3. 

Tiie  snakes  belonging  to  the  genus  Si.sti  iniis  are  long-tailed,  especiallv  the  pigmy 
rattlers  (S'.  iniliarius).  The  longest-tailed  of  all  rattlers  is  C.  s(ejnc(j;rri ;  others  in 
this  genus  with  exceptionally  long  tails  are  xciilardi,  triseriatus,  pusillus,  and 
durissus  and  its  allies.  The  shortest-tailed  rattler  is  the  £1  Muerto  Island  speckled 
rattler  (C.  mitchelli  muertensis)  with  a  male  proportion  of  6.7  per  cent,  and  a 
female  of  5.3,  followed  by  the  red  diamond  (C.  r.  ruber)  and  the  Cedros  Island 
diamond  (C.  exsut),  with  adult  male  tail  percentages  of  6.9  and  female  percentiles 
of  about  5.3. 

Species  of  rattlesiKikcs  ha\ing  long  tails  usually  have  relatively  small  rattles. 
Thus,  the  long-tailed  rattlesnake  (C.  sti-if!f';j;ryi)  has.  pioporiionaie  to  its  body 
length,  the  smallest  rattles  of  any  species  ol  the  genus  Crotalus;  and  sinularly  the 
pigmy  rattler  (5.  miliarius)  has  an  elongated  tail  and  small  rattle.  'I'he  Tanciiaran 
dusky  rattler  (C.  pusillus)  is  another  species  with  a  long  tail  and  conspicuously 
small  rattles.  It  is  obvious  that  a  long,  tapering  tail  could  be  terminated  only  by  a 
relatively  small  matrix  and  therefore  a  small  rattle.  These  species  with  rattles  so 
small  as  to  be  almost  inaudible  wi  1 1  cither  primitive,  or  are  evolving  in  the  direc- 
tion of  sacrificing  whatever  benefit  there  may  be  in  the  rattle,  in  favor  of  regaining 
the  crawling  assistance  inherent  in  the  longer  tail.  Structural  and  muscular  diffi- 
cidties  tio  doubt  inhibit  the  attainment  of  both  advantages  simultancouslv,  for  a 
long,  tapering  tail  could  neither  produce  a  large  rattle  at  the  end,  nor  vibrate  it 
successfully  if  it  were  evolved. 

Although  the  correlation  of  rattle  size  with  tail  length  is  evident,  it  is  by  no 
means  a  perfect  one.  Tail  length  does  not  explain  the  relatively  large  rattles  of  tlM 
San  Lucan  speckled  rattler  (C.  m.  mitchelli)  or  the  tiger  rattler  (C.  tigris)-  The 
Central  American  rattler  (C.  <{.  tlinissus)  and  its  relatives  and  the  Mexican  west- 
coast  rattler  (C.  h.  hnsilisciis)  are  lather  lf)ng-tnilcd.  They  stait  life  with  small 
buttons,  but  eventually  attain  rattles  as  large  as  those  o£  any  other  species. 
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TABLE  4:3 

Taii.-Lent.th  Proportions  op  Rattlesxakks 
Ayerage  Tail  Length  of  Adults,  Expressed  as  a  Percentage  of  Length  Over-all 


fiubspeeie* 


C. 

c. 

c. 
c. 


c. 


c. 
c. 
c. 

c. 

c. 

c. 


c. 
c. 
c. 
c. 

c. 

c. 
c. 

c. 
c. 

c. 
c. 


ailamanteus  , 

atrox  

baiiliicM  ba»ili»cu»  

cerMfoA  c.eraxtes  

cercobombus.  .  . , 

UUerorepens  

iurU$US  diirlssus  

culmmalus .  ... 

terificM  

totonaeu*  

tzabcan  

enyo  enyo  

exttd  

horriius  ftorridm  
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pricei  pricei  
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wdeolor  

viridia  tnridia  

afryMM  

ealiginia  

Ctrln   

decolor  

helleri  

luioaua  

nutitin.'f  
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7.9 
9  2 
9.5 
8.4 
8.6 

10.0 
7.9 

10.0 
8.2 
8  S 
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6.9 
7.7 
7,8 
8.5 
8.8 
8  6 
8.1 
9.0 
8.2 

6  7 
7.2 
8.1 
7.1 
7.7 
7.6 
8.0 

10  5 
6.9 
7.3 
7.4 

7  7 
12  7 

8.4 
7.5 

10  4 
9.3 
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7  5 
7.3 
7  9 

6  <» 

7  S 
7.4 
7.2 
7  7 
7.4 


Femalea 

6.3 
5.8 
6  3 
6  5 

5  7 
6.2 

6  9 
6  5 
6.6 
6.5 
6.8 
6.4 
5.4 
5.9 

6  2 
6.6 
6.9 

7  1 
6.6 
7.2 
6.4 

5  3 
6.1 

6  0 
5  7 
5  5 
5.9 
6.5 

8  6 
5.2 
5.3 
5.3 

5  5 
9.8 

6  4 
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fit  ihttruM^liM 

M&Im 

C.  vfiUardi  willardi  

10.2 

8.0 

11  7 

9.8 

11.0 

9.1 

10.6 

8.1 

11  0 

8.4 

12  0 

9.8 

12.3 

10.6 

12.7 

11.0 

9.8 

7.7 

PHYSIOLOGICAL  SUMMARY 

This  book  makes  no  pretense  of  including  a  complete  anatomical  study  of  the 
rattlesnake,  a  project  that  I  should  be  ill-equipped  to  undertake.  However,  certain 

features  of  rattlesnake  anatomy  arc  discussed  ^vitli  \arying  degrees  ol  tiKiroughtiess 
in  olliei  ajjjjropi  iat(t  cliaplers,  iiK  ludiii^^  the  l  altle  in  chaj)tcr  .'),  the  skin  and  sense 
organs  in  (hapier  (),  the  sex  organs  in  chapter  10,  and  the  biting  mechanism, 
including  the  venom  gland,  duct,  and  fangs,  in  chapter  11.  In  the  present  chapter, 
I  shall  mention  two  phases  of  snake  anatomy  that  have  been  seriously  affected  by 
the  attenuation  of  the  body:  first,  the  loi^tudinal  arrangement  of  the  principal 
oi^gans;  and,  second,  the  hin^  and  respiration.  A  few  references  of  interest  in  con- 
nection with  subjects  that  I  have  not  treated  arc:  osteoJoiiy,  Taylot ,  1895,  p.  281; 
Brattstrom,  thesis  to  appear  shortly;  muscles,  Mosauer,  19-i5,  ]:>.  81;  Haas,  19.52,  p. 
573;  circulntnry  systrn}.  Bcddard,  1904,  p.  331;  Brongersma,  1919,  p.  57;  1951.  p.  ,H: 
blood,  Luck  and  Keeler,  1929,  p.  703;  Carmichael  and  Petcher,  1945,  p.  696;  Cohen, 
1951,  p.  6;  1954,  p.  98. 

Placement  of  Organs 

As  an  example  of  the  longitudinal  placement  of  organs,  and  the  lengths  of  some  of 
them,  the  data  on  a  large  male  southwestern  speckled  rattlesnake  (  C.  m.  pyrrhus). 
as  determined  by  Charles  E.  Shaw,  arc  presented  in  table  4:4.  In  this  table.  It  rv^ihs 
are  given  hoih  in  millimeters  and  in  percentages  of  body  length.  It  should  l)e 
emphasized  thai  the  latter  means  body  length  exclusive  of  both  head  and  tail, 
l  liis  snake  was  1,077  mm.  in  over-all  length,  with  a  head  length  of  47  mm.,  and  a 
tail  length  of  92  nun.;  thus  the  body  length  alone — the  basic  figure  for  table  4:4 — 
was  938  mm.  The  elongation  of  some  of  the  organs,  particularly  of  the  lung,  liver, 
and  kidneys,  is  evident  from  the  high  percentages  of  the  body  length  that  they 
occupy. 

Lungs 

The  attenuated  shape  of  the  ojihidian  body  has  icsLilted  in  a  greater  inoclifu  aiion 
in  the  lungs  than  in  any  other  organ.  W  hereas  .some  snake  families  (e.g.,  the  Boidae) 
have  retained  two  functional  lungs  (although  no  longer  equal  in  size),  in  most 
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snakes  oiih  a  single  funttional  lung  remains:  the  other  lung,  if  [Mesent  at  all,  is 
rudimentary  and  nonfunctional.  Two  other  unusual  piUmonary  developments  are 
evident  in  many  snakes:  first,  an  increase  in  the  active  aerating  surface  by  an 
alveolar  lining  along  the  dorsal-posterior  aspect  of  the  trachea;  and,  second,  an 
enlargement  of  the  air  storage  capacity  of  the  lung  by  its  extension  posteriorly  in 
the  form  of  a  nonvascular  air  sac 

Tyson  (1683,  p.  29),  who  was  the  first  to  make  an  accurate  dissection  of  a  rattle- 
snake, ol)scr\ed  that  the  hina;  was  very  long,  that  the  anterior  part  lies  along  the 
traclica,  and  that  the  posterior  is  only  a  sort  of  "bladder,"  as  he  called  it,  without 


TABLE  4:4 

Placement  of  Oboans  in  a  Soothwestebn  SracKiiED  Rattlesnake  (C.  m.  pyrrhua) 


Orgnn 

M«'!»«urpmrtils 
millimetere 

Ppri-pntag"s  of  hofi\ 
of  938  mm. 

li-ngth 

Front 

End 

Net  length 

Fh>nt 

End 

NstotMit 

24 

733 

707 

3 

78 

75 

Heart  

354 

388 

34 

38 

42 

4 

300 

514 

121 

42 

55 

13 

461 

593 

132 

49 

63 

14 

498 

579 

81 

53 

62 

9 

Gall  bladder  

618 

682 

14 

66 

67 

1 

627 

637 

10 

67 

68 

1 

754 

894 

150 

80 

95 

15 

left  

788 

887 

99 

84 

95 

11 

676 

695 

19 

72 

74 

2 

left  

733 

754 

21 

78 

80 

2 

>  rriinl  nnd  flu]  ttK'Kiiirirti.'iit.-*  MiKnlfy  tU.-  >ll'<t.-in<'<-  ,.f  tlin  nntctrlor  Rltd  pOBtOrtOT  poiato  of  MMh  «r|»a  briliBd  tiMMI- 
terior  t>nd  nf  tlip  l)n(ly.  that  i«.  tlir  po'trric"  filer  of  th<' 

'rill'  fiiirlicii  t<-riiiiniif>'d  ;it  ^99  mm.;  t)n'  miil-i'oint  of  tlm  tranyitinn  lii  twcrii  tlic  iilvculiir  iiiul  M<in:il vr'<iliir  scctUWB 
of  the  lung  was  ut  about  423  mm.  No  boundary  w>i»  evident  between  the  trHclieal  and  bronrhial  lung  9(>ction«. 


respiratory  cells.  Cope  (1894a,  1894b),  in  his  search  for  anatomical  characters  of 
snakes  that  mii^ht  aid  in  tlieir  classiBcation  and  differentiation,  made  some 
advances  in  knowledge  by  pointing  out  the  familial  (  onsistcncv  in  the  moi  phology 
of  the  hings.  Allhougli  Cope  was  by  no  iiu  aiis  the  first  herpetologist  to  ohser\c 
generic  ihHerences,  the  extent  of  his  inxestigations  did  much  to  estaljlish  the  hnigs 
as  having  some  promise  in  classilication.  He  was  the  lirst  to  use  the  term  "iratheal 
lung"  for  the  vascular  section  along  the  diachea.  He  concluded  that  the  active 
limg  retained  by  snakes  with  only  one  lung  was  the  left  lung  (1894a,  p.  218;  1894b, 
p.  838).  Later,  this  was  shown  by  Butler  (1895,  pp.  692,  697)  to  be  in  error;  others 
(e.g.,  Rrongcrsma,  1951,  p.  3;  Varde,  1951,  p.  70)  ha\e  siiK  e  confirmed  the  fact  that 
the  right  lung  is  the  one  that  remains  functional  in  the  many  genera  of  snakes, 
inchuh'iHj;  ilic  r.ittlesnakes,  that  have  only  a  single  active  lung. 

1  lu'  i sal  ts  of  the  respiratory  apparatus  of  the  raith  snake  that  1  shall  briefly 
meiuion  are  the  glottis,  the  trachea,  the  tratheal  (anterior)  lung,  the  central  or 
bronchial  lung,  the  posterior  nonvascular  sac,  and  the  rudimentary  left  lung.  The 
glottis  is  notable  in  that  it  may  be  protruded  out  of  the  snake's  mouth  while  food 
is  being  swallowed,  thus  permitting  a  snake  to  breathe  during  a  protracted  swallow- 
ing of  prey.  Bellairs  and  Underwood  (1951,  p.  218)  mention  the  special  muscles  that 
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make  the  protrusion  of  the  glottis  possible.  The  trachea  of  some  snakes  is,  as  in 
many  animals,  a  tube  that  is  prevented  from  collapsing  l)y  the  presence  of 
cariilaginoiis  rings.  In  the  rattlesnakes  (as  well  as  in  many  other  kinds  of  snakes) 
the  upper  surface  of  the  posterior  tradica  has  become  the  site  of  a  coniplex  of 
respiratory  alveoli.  This  1ms  been  effected  by  the  elimination  of  the  upper  halves 
of  the  usual  tracheal  rings  and  by  the  extension  forward,  almost  to  the  head,  of 
lung  tissue  along  the  dorsal  aspect  of  the  trachea.  This  lung  tissue  is  fed  with  air 
directly  from  the  trachea  that  lies  below  it,  for  the  tiachea  is  split  dorsally  from  the 
beginning  of  the  tracheal  lung  to  its  entrance  into  the  bronchial  lung.  This  slit  in 
the  trachea  therefore  constitutes  the  lumen  of  the  tracheal  lung;  the  edge  of  the 
slit  is  slightly  serrated  by  the  protrusion  of  tlie  ends  of  the  interrupted  cartilaginous 
rings. 

In  some  snakes  a  boundary  is  evident  between  the  tracheal  and  bronchial  lung 
sections,  but  in  the  rattlesnakes  the  tracheal  lung  has  become  so  large  and  im* 
portant  that  it  seems  to  be  a  forward  continuation  of  the  bronchial  lung,  without 
a  definite  boundary  being  apparent  between  them  (Cope,  1894a,  p.  222;  Boulenger, 

I9I3,  p.  78;  Thompson.  101.'^,  p.  423;  Noble.  1921,  p.  170;  Brongersma,  1949,  p.  57; 
1951.  p.  31;  Vardc,  1931,  p.  80;  Bellairs  and  Underwood,  19.51,  p.  219).  Brongersma 
(19-19,  p.  .57)  prefers  lo  consider  the  tiacheal  lung  as  teiniinaiing  opposite  the 
center  of  the  heart  or  oj)p()siie  the  lumen  of  the  rudimentary  left  lung,  if  one 
remains^  but  this  is  arbitary.  Ihe  vascular  system  serving  the  lungs  has  been 
described  by  Brongersma  (1949,  p.  57;  1951,  p.  31),  who  points  out  that  the 
pulmonary  vessels  have  been  much  modified  by  the  presence  of  the  tracheal  lung 
and  the  resulting  alveolar  concentration  anterior  to  the  heart  The  histology  of  the 
lung  has  been  discussed  by  Varde  (1951,  p.  81). 

The  tracheal  lung  must  not  be  thought  of  as  a  minor  addition  to  the  snake's 
rcsj^iraton'  capacity.  As  lliompson  (1913,  p.  42?^)  lias  pointed  out,  the  ah  eoli  of  the 
trache.d  lung  are  small,  thick,  and  superimposed,  wheieas  ihos(f  of  the  hiondiial 
lung  are  thinner  and  shallower.  "Bronchial"  is  a  convenient  designation  for  the 
middle  section  of  the  lung,  but  this  term  should  not  be  assumed  to  assign  a  superior 
function  to  this  section.  Evidently  the  designation  stems  from  the  fact  that  it  gets 
its  air  supply  from  the  bronchus  or  terminus  of  the  trachea.  Brongersma  (1951, 
p.  6)  has  pointed  out  that  the  trachea,  at  its  caudal  end,  opens  into  the  lung  with- 
out the  presence  of  external  bronchi.  In  fact,  as  the  slit  trachea  is  open  to  the  lung 
above  it  throughout  its  length,  its  terminus  retains  no  particidar  importance. 

Posteriorly  the  bronchial  lung  gradually  loses  its  alveolar  structure,  and  the  final 
section  of  the  lung  is  a  Ijladderlike  tube  with  a  thin,  iranshu  c  nt  wdU.  This  part 
is  merely  an  aii  reservoir,  without  function  for  blood  aeration.  l>rong(  isnia  (1919, 
p.  57)  refers  to  it  as  an  anangious  air  sac.  Various  theories  have  been  proj^osed  to 
account  for  this  posterior  air  reservoir.  It  is  obviously  of  utility  for  snakes  that 
spend  much  time  in  water,  since  it  both  increases  buoyancy  and  makes  a  longer 
immersion  jm;  sihle.  For  snakes  that  are  primarily  land  dwellers,  it  may  be  useful 
during  the  fofjd-swallowing  process,  just  as  is  the  extended  glottis.  Or,  the  posterior 
inflatif)n  of  the  body,  which  the  air  reservnii  makes  possible,  may  l;e  beneHcial  by 
enhancing  the  threatening  postine  of  a  snake,  botl^  by  increasing  its  apparent  size 
and  by  prolonging  the  hiss.  Rattlers  show  both  these  effects. 
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The  tr.irlu'nl  luii!"  extends  the  aei  aling  tissue,  ol  |);n  titulai  iiiiporlaiu  c  in  a  shin 
body  where  .space  is  at  a  ]jieniiuni.  Cope  (iS'llh.  p.  tSM9)  pointed  out  that,  in  a 
creature  like  a  snake,  tlie  sizes  of  whose  meals  are  very  large  in  proportion  to  its 
own  size,  the  longitudinal  extension  of  the  lung  is  of  value  when  one  section  of  the 
body  is  distended  with  food  and  lung  ventilation  in  that  section  is  thus  reduced. 
Another  possible  function  of  the  tracheal  lung  is  to  enhance  inflation  of  the  an- 
terior part  of  the  body,  whit  h  is  a  part  of  the  tlireatenin^  j)osttires  of  some  snakes 
(Cope,  1894b.  p.  831);  Noble,  1921,  \).  I()7).  altliough  raiilesnakes  are  not  particu- 
larlv  addicted  to  this.  Butler  (189.').  p.  710)  thought  that  the  one-sided  displacement 
o(  the  stomat  ft  and  the  iidjad  iit  esopha,mis  had  led  to  the  sup|)icssion  of  the  left 
lung  and  the  i  xiinsion  ot  the  ii<iht.  Thompson  (l!M.'l,  p.  Il  l)  e\ol\c'd  the  theory 
that  venom  production  had  entailed  an  enlargement  ol  the  liver,  which  in  turn 
crowded  the  lung.  This  caused  the  forward  extension  along  the  trachea,  a  con- 
venient foundation  for  the  extension  of  pulmonary  tissue  when  the  need  arc^  for 
increased  breathing  surface.  Bellairs  and  Underwood  (1951,  p.  219)  favor  the  theory 
tliat  food  pressure  has  necessitated  an  extended  lung  not  susceptible  to  having 
all  its  parts  compressed  simultain Dusly  during  feeding. 

The  lungs  of  rattlesnakes  indi  e(]  orriipv  a  surjirisinglv  large  part  of  the  l)odv 
length  of  the  snake.  Richard  C^.  Schw eiikmcyei  (impublished  manusciipt)  estal)- 
lished  the  following  lung  landniaiks  as  ])er(entages  of  bodv  length  (exclusive  of 
head  and  tail)  in  C".  r.  t  uher:  anterior  beginning  of  lung  ti.ssue  per  (cut;  eiul  of 
vascular  tissue  45  per  cent;  end  of  air  sac  81  per  cent.  Thus,  the  total  h  ngth  of  the 
lung  is  about  76  per  cent  of  that  of  the  body;  and,  of  this,  the  vascular  part  is  10  per 
cent,  and  the  nonvascular  36  per  cent.  In  a  905-mm.  specimen  of  ruber,  the  lung 
capacity  was  found  to  be  76  cc.  These  figures  may  be  compared  with  those  in  table 
4:4  on  C.  m.  pyrrlnis. 

Some  rattlesnakes  have  rudimeiitatv  left  lungs;  in  othets  even  this  rudiment  has 
disap|K'aretl.  Coju-  (1891a.  j).  223)  found  ludinientary  lungs  present  in  C.  fiorridiis 
and  absent  in  .S.  rat  emit  us,  C.  ndat/uinlcus,  and  C.  x'iridis.  Butler  (1895,  p.  708) 
found  a  rudimentary  left  lung  in  C.  honidus,  but  absent  in  C.  durissus.  Bronpjersma 
(1951,  p.  3)  found  a  rudimentary  left  lung  in  C.  durissus.  Schwenkmeyer  (unpub- 
lished manuscript)  found  rudimentary  left  lungs  usually  present  in  C.  b.  basiliscus, 
C.  durissus,  C.  h.  horridus,  and  C.  m.  molossus;  usually  absent  in  C.  atrox,  C. 
cerastes,  C.  ertyo,  C.  ex.suf.  unl  C.  lepidus:  and  invariably  al)sent  in  C.  adamanteus, 
C.  infrrmediiis,  C.  initcli<  Ui,  C.  pricei,  C.  ruho  .  C.  s(  utuhitiis,  C.  tigt  is,  C.  tortu- 
o^rmsis,  C.  triscriatiis.  C.  t'.  hellrri,  C.  7'.  nrroanw^.  and  C.  u'llhnd'.  Schweiikinever 
icports  the  ludiuieiitaiy  linig  to  be  a  small  nonvasddai  sac.  less  than  l.'i  mm.  long 
in  large  snakes,  near  the  apex  of  the  heart.  It  is  so  obscure  that  it  is  diilicult  to 
locate  and  identify,  which  may  account  for  some  of  the  species  in  Schwenkmeyer's 
list  in  which  the  rudiment  is  occasionally  jM-esent  but  usually  absent.  The  durissus- 
basiliscus-molossus-horridus  similarity  is  one  reinforced  by  other  characters. 

Rrspiral ion. — Re|)tiles,  with  their  slower  metabolism,  aif  h  ss  susct  ptible  than 
birds  and  mammals  to  deviations  from  a  normal  oxygen  percentage  in  the  air  con- 
tent of  their  lungs,  Boyle  (1G70,  pp.  2013,  2037)  found  that  vipers  could  withstand 
a  partial  vacuum  longer  than  other  animals.  Tyson  (1683,  p.  31)  doubted  whether 
they  breathed  at  all  during  hibernation. 
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A  rattlesnake's  breathing  cycle  is  quite  diireicnt  from  that  of  man.  Man's  cycle 
(when  at  rest)  comprises  an  inlialation  followed  inimethately  by  an  exhalation  and 
then  a  relative  ly  long  rest.  I  lie  l  est  jjcriod  (ai)n(  a)  oc  c  urs  wlu  n  the  lungs  arc  half- 
full;  they  are  never  comjjletely  eiiij)tied  in  a  normal  breathing  cycle.  The  rattier 
(and  presumably  all  snakes),  starting  with  half-full  lungs,  insl  enjpties  them,  im- 
mediately inhales  until  they  are  completely  filled,  then  exhales  down  to  the  half- 
full  condition,  at  which  level  a  long  rest  period  follows.  Sometimes  several  short 
expiration-inhalation  cycles  may  follow  each  other  rapidly  before  the  long  rest. 

The  rattler's  breathing  frequency  is  normally  much  slower  than  that  of  man. 
As  the  snake's  metabolism  increases  with  higher  external  (and  therefore  internal) 
temperatmes,  its  r(\spiratorv  frecjuency  coiresjiondinglv  increases  at  higher  trnipcr- 
aturcN.  Tests  ol  res|)iration  rates  ob\  iously  nni^t  l)t  i  nn  on  snakes  that  are  not 
excited;  otherwise,  defense  postures  that  invohe  hissing  and  swelling  will  alfect 
the  results.  Schwcnkmeycr  found  the  following  relationship  between  temperature 
and  breathing  cycles  per  minute  in  a  red  diamond  rattler  (C.  r.  ruber):  8  cycles  at 
50*  F.;  8  cycles  at  60*  F.;  4  cycles  at  80**  F.;  14  cycles  at  84"  F.;  7  cycles  at  90*  F.;  16 
cycles  at  1 10*  F.  The  erratic  fluctuations  in  the  80-90*  range  cannot  be  readily 
explained;  they  were  probably  caused  by  some  condition  of  the  test.  However,  the 
doubling  of  the  rate  between  .50°  and  110°  F.  is  probably  fairly  representative  of 
the  elfect  of  tlie  higher  temperature,  even  without  increased  exertion  or  muscular 
activity. 

Randall,  Stullken,  and  Hiestand  (19M,  p.  130)  made  some  interesting  tests  on 
the  effects  of  air  diluents  on  the  breathing  rates  of  snakes,  none  of  which,  however, 
were  rattlers.  They  found  that  the  effect  of  carbon  dioxide  was  to  decrease  the 
amplitude  of  the  lung  ventilation,  but  to  increase  the  frequency  of  breathing; 
excess  nitrogen,  on  the  other  hand,  increased  both  the  amplitude  and  rate.  The 
oxygen  requirement  without  distress  seemed  to  be  between  10  and  15  per  cent;  a 
decrease  in  oxygen  content  to  15  per  cent  (that  is,  below  the  normal  oxygen  content 
of  air^ — 21  per  cent)  seemed  to  cause  no  change  in  respiration  (p.  1  11).  An  oxygen 
content  ol  ')  to  H)  per  cetu  increased  both  tlic  frccnK  iicy  antl  \olunic  of  cxjiiration. 

It  may  be  observed  that  the  inlrecjueni  breathing  cycles  characteristic  of  snakes 
are  made  possible  in  part  by  the  posterior  air  storage  reservoir,  and  in  part  by  the 
relatively  high  carbon-dioxide  concentration  required  to  initiate  another  cycle. 
Furthermore,  as  a  snake's  breathing  cycle  surts  by  exhausting  the  lungs,  the  snake 
starts  its  rest  period  (apnea)  with  a  higher  oxygen  concentration  than  does  man. 
With  a  lower  initial  carbon-dioxith  concentration  (because  there  is  a  virtually 
comj^lete  lemoval  of  the  air  from  ilic  lungs  at  the  start  of  a  new  cycle)  and  a  higher 
tc  i  Hiin.il  ( arboii-dioxide  concentration  before  a  new  cycle  is  initiated,  less  frecjucnt 
cycles  are  normal  in  snakes,  including  rattlesnakes,  than  in  man.  The  effects  of 
gaseous  poisons  on  snakes  are  discussed  under  control  in  chapter  I  I. 

SQUAMATION 

The  scales  of  snakes  offer  an  interesting  and  important  subject  for  study.  To  the 
uninitiated  they  may  apjjear  to  comprise  a  mere  haphazard  scattering  of  excres- 
cences on  the  skin,  but  this  is  far  from  the  fact.  They  are  arranged,  on  both  tlie 
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head  ami  boch  .  in  faii  K  ict^ulai  patterns,  of  which  \ai  ious  sti  irs  can  be  couniecl 
actiuuLel)  .  1  hcsc  sciics  arc  lound  to  Iiu\c  a  consiclciahic  consistency  within  a  sub- 
species, as  well  as  constant  differences  between  subspecies,  so  that  squamation,  or 
scale  arrangement,  is  of  the  greatest  importance  in  the  classification  of  snakes. 
Various  kinds  of  snakes  that  are  quite  similar  in  size,  form,  and  color  may  be 
readily  distinguished  1)\  scale  diflci  c  ik  <  s  Thus,  in  snake  classiricaiion  and  nomen- 
clature, it  is  essential  that  the  student  become  familiar  with  the  fundamentals  of 
snake  scjuamation.  often  referred  to  by  tlie  alternative  terms  of  scalation,  scutella- 
tion,  lepiilosis,  or  pholidosis. 

One  might  think  all  this  detail  to  be  a  matter  ol  pseudoscieiuific  allectation,  but 
this  is  far  from  the  case.  Some  venomous  snakes  can  be  distinguished  from  non- 
venomous  kinds  onh  by  differences  in  squamation,  that  is,  short  of  examining  their 
teeth  for  the  presence  of  fangs.  Even  among  as  closely  interrelated  a  group  as  the 
rattlesnakes,  it  is  impossible  to  identify  or  segregate  the  several  species  and  sub- 
species accurately  without  some  knowledge  of  squamation  and  o£  the  names  that, 
for  coineiiicnce.  have  been  assjoncd  to  ihc  various  scales  or  to  the  scutes  or  plates, 
as  the  larger  staler  aie  called.  It  would  not  be  leasil)le  to  piepare  a  key  bv  which 
the  several  kinds  of  rattlesnakes  could  l:e  distinguished  from  each  other  solely  by 
body  form,  size,  pattern,  and  color;  recourse  must  be  had  to  scale  differences,  that 
is,  differences  in  the  numbers  of  scales  in  certain  series,  as  well  as  differences  in  the 
sizes,  shapes,  and  contacts  of  individual  scales  on  the  head.  Furthermore,  in  badly 
preserved  specimens,  the  scale  numbers  and  configurations  may  be  ascertained  long 
after  the  patterns  and  colors  have  been  lost.  It  is  for  these  n  asons.  and  not  because 
herpetologisls  try  to  make  simple  things  complicated  and  difiiculi,  that  the 
technicalities  of  scjuaiiiation  aic  introduced  into  snake  descriptions  and  kevs. 

In  a  -scijataie  chaj)ier  on  the  identification  of  the  difieieut  kinds  of  rattlesnakes 
(chap.  2),  1  lia\e  set  lorili  certain  features  of  rattlesnake  scjuamation,  particularly 
as  related  to  classification:  first,  an  illustrated  glossat  y  explaining  the  terms  applied 
to  the  scales  of  the  head  and  body;  second,  table  2:7  summarizing  the  ranges  of 
variation  and  averages  of  several  important  scale  series  within  each  subspecies;  and, 
finally,  a  set  of  ^  to  the  rattlesnakes,  in  which  various  details  of  squamation 
become  the  tools  whereby  the  several  species  and  subspecies  may  be  recognized 
and  clistinguislied  from  each  otlier.  It  is  necessaiv  at  this  j)oint  to  direct  the 
reader's  attention  to  the  illustiated  glossal  \  in  c  hapter  'J  f(»|-  an  iinderstanclini;  of 
the  lernrs  used  ni  tlic  following  discussicjn  of  the  geireralities  of  rattlesnake  scjuama- 
tion, in  which  trends  of  variation  within  the  two  rattlesnake  genera,  and  some 
outstanding  peculiarities  of  particular  scales  in  some  of  the  subspecies,  are  pointed 
out  as  examples  of  variation. 

From  the  sketches  accompan\ in.;  the  glossary  (figs.  2:S  '  t  >  L'DI),  it  will  be  noted 
that  the  scales  fall  into  foin-  broad  categories:  (1)  the  Iu.kI  scales:  (2)  the  dorsal 
seiies  sheathing  the  l)ody;  (S)  the  eidaiged  scutes  on  the  belly — the  ventral  series; 
and  (4)  the  subcaudals  on  the  underside  of  the  tail. 

Scale  Form 

As  is  pointed  out  in  chapter  6  under  shedding,  the  scales  of  snakes  are  not  separate, 
removable  parts  of  an  outer  covering,  as  they  are  in  most  fishes;  rather,  they  are 
formed  by  folds  or  creases  in  the  skin,  as  a  roof  might  be  formed  of  a  single  un- 
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broken  sheet  ol"  material  so  folded  as  to  give  the  impression  of  separate  shingles. 
This  type  of  foniinrion  is  :ul\ aiitngeous  both  in  allowing  flexibility  of  body  move- 
ment and  in  enhanting  the  sliingth  ami  (hiial)ilitv  ol  the  suifacc.  The  scales 
themselves  comprise  somewhat  tlut  kcned  and  hardened  seetiuns  of  the  skin,  whit  h 
is  thinner  and  mate  flexible  between  them.  Yet  the  actual  continuity  of  the  skin 
surface — of  the  parts  covering  the  tops  of  the  scales,  as  well  as  the  folds  and  creases 
between  them — ^is  shown  by  the  unbroken  character  of  the  shed  skin  when  a  snake 
exuviates.  In  this,  every  scale  top,  every  fold  and  crease,  is  represented  in  a  single 
flattened  sheet,  the  cast  stratum  romeum.  It  is  by  means  of  this  flattening  of  the 
creases  l)etween  scales  that  the  skin  is  sufficiently  enlarged  so  that,  during  the 
shediliiig  pi  ocess.  the  narrow  neck-section  can  be  slipped  backward  over  the  much 
lhi(  kei  mid-body  part  ol  the  snake. 

The  scales  of  a  snake  are  of  various  sizes  and  shapes,  the  larger  of  which  are  often 
termed  plates  or  scutes,  particularly,  the  enlarged  flat  scales  on  the  head.  These 
are  separated  by  creases  or  sutures,  rather  than  by  folds  or  imbrications  such  as 
usually  separate  the  scales. 

In  many  kinds  of  snakes,  both  harmless  and  venomous,  the  anterior  part  of  the 
upper  surface  of  the  liead  is  covered  by  a  symmetrical  arrangement  of  nine  plates. 
One  gr()U|)  ol  rattlesnakes,  those  assigned  to  the  genus  Sistruriis,  have  these  char- 
acteiisiic  plates,  wliereas  in  the  iiieinbeis  of  the  other  genus,  Crninlus.  these  nine 
plates,  or  at  least  some  of  them,  are  broken  up  into  plates  or  scales  of  smaller  size. 
These  two  divergent  tendencies — ^retention  of  the  nine  plates  intact,  or  their 
breakup — are  also  evident  among  the  pit  vipers  that  have  no  rattles,  thus  in  part 
defining  the  genera  Agkisirodon,  Bothrops,  Trimeresurus,  and  Lachesis. 

Posteriorly  on  the  liead,  and  more  so  on  the  body,  the  scales  become  increasingly 
imbricate,  that  is,  each  scale  juts  farther  over  the  scale  that  follows  it.  The  inter- 
stices are  no  longer  mere  creases  but  become  deep  folds,  for  each  scale  mav  over- 
lap its  fellow  |)ostei  iorly  bv  as  much  as  one-loui  th  of  its  length.  liut  desjMtc  this 
overlap,  the  stales  are  not  sejjaiate  entities,  as  they  appear  to  be;  rather,  as  tan  be 
determined  by  stretching  the  skin  of  a  live  or  freshly  killeil  snake,  they  arc  ex- 
crescences of  the  skin  produced  by  thickening  and  folding. 

When  a  rattlesnake — or,  indeed,  any  snake — ^is  in  repose,  and  not  distended  with 
food,  one  sees  only  the  surface  of  the  dorsal  scales,  because  the  thinner  skin  between 
them  is  hidden.  But  this  thin  skin  is  capable  of  br)th  st  ret  dung  and  flattening,  and 
when  a  snake  moves,  or  when  it  is  distended  by  food,  the  scales  will  bo  seen  to 
separate-  and  the  intervening  areas  of  thiinier  skin  l)econie  visible.  This  is  particu- 
larly true  of  the  ne(  k.  wlu  re  the  skin  between  the  stales  involves  a  greater  part 
of  the  itjtal  area  than  elsewhere  t>n  the  body.  When  the  neck  is  disientlcd  as  prey 
is  swallowed,  the  scales  are  widely  separated  from  eadi  other,  especially  trans- 
versely. Here  the  scales  are  smaller,  relative  to  the  thinner  skin  that  surrounds 
them,  than  is  the  case  at  mid-body  or  posterior  thereto.  On  the  neck  when  dis- 
tended, the  scales  seem  but  scattered  islands  in  the  skin — although  arranged  in 
regular  roMrs — ^whereas  elsewhere  they  more  nearly  monopolize  the  area,  for  the 
interstites  are  relatively  less  extensive.  Thus  the  narrow  neck  tan  be  distended  to 
permit  the  swallowing  oi  ljulky  lt)otl,  a  t  ondition  not  so  netessai  y  toward  iiiitl  body, 
where  the  body  is  thickened  to  provide  space  lor  the  vital  orgajis,  antl  the  lood  is 
made  slender  by  the  processes  of  digestion.  At  the  neck,  the  scales  are  narrower — 
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in  proportion  to  their  trans\crsc  Avidths- — than  they  aic  ai  iiiicM)odv,  and  this 
relative  widening  ol  the  scales  is  further  accentuated  toward  the  tail,  and  along 
the  sides,  as  well. 

Although  the  dorsal  scales  are  thickened,  and,  where  there  is  an  overlap,  involve 
doubled  sections  of  the  epidermis,  they  do  not  lack  flexibility,  although  they  are 
less  elastic  than  the  skin  between. 

Many  snakes  have  small  longitudinal  ri(i^(  s — the  so-called  keels — on  each  dorsal 
scale,  while  other  kinds  have  smooth  scales.  Rattlesnakes  helonij^  to  tlic  former 
category:  their  i  idges  are  jjarticularly  evident  on  the  mitldorsal  rows,  but  ,t;ra(hiallv 
weaken  on  the  lateral  rows,  initil  the  two  or  three  rows  nearest  the  \entrals  are 
smooth  (fig.  2:81).  The  iunclion  of  the  keels  is  uncertain.  I  heir  presence  docs  not 
affect  the  lower  layers  of  the  skin,  which  on  its  interior  surface  will  be  found  quite 
smooth.  They  probably  serve  as  a  mechanical  reinforcement.  Walls  (1938,  p.  lOS) 
has  suggested  that  the  keels  reduce  shininess,  thus  promoting  concealment,  which 
would  e\j)lain  their  evolutionary  development. 

In  the  Central  .American  rattler  (C.  d.  durissus)  and  its  relatives,  the  normal 
dorsal  keels  are  fin  tlier  accentuated  into  piotid^eranees,  iidierc  ulations,  oi  bosses 
that  gi\c  ihi'  snake  an  exce  edingly  rough  appearance.  1  hese  are  so  consjjicuous  that 
they  were  noted  as  early  as  1618  by  Marcgiavius  (p.  210).  They  are  not,  however, 
erectile  as  was  believed  by  Stedman  (1796,  p.  195).  These  tuberculations  are  most 
conspicuous  on  the  scale  row  on  either  side  of  the  middorsal  row,  with  decreasing 
intensity  laterally.  The  middorsal  row  is  about  as  prominently  keeled  as  the  fourth 
lateral  row  on  either  side  (counting  the  middorsal  row  itself  as  number  1). 

Other  kinds  of  rattlesnakes  have,  in  varying  degrees,  the  ridged-row  appearance 
that  reaches  a  maximmn  in  C.  durissus.  The  sidewinder  (C.  rcrdstf  s)  lias  prominent 
ridges;  in  this  species  the  middorsal  row  is  the  one  most  acceniuated.  Another  of 
our  western  species  with  a  lough  textuie  is  the  sjjeckU  cI  tattler  (C.  mitcliclli).  It  is 
considerably  more  ridged  than  some  of  our  other  southwestern  species,  such  as 
viridis,  ruber,  and  scutulatus.  These  differences  in  keeling  and  tuberculations  are 
more  evident  in  live  than  in  preserved  rattlesnakes. 

In  addition  to  the  central  keel  on  each  dorsal  scale,  there  are  divergent  striations, 
directed  backward.  The  lateral  edges  of  the  scales  are  somewhat  thickened,  with 
edges  blimter  tlian  the  thin  posterior  tips.  The  anterior  end  of  each  scale,  although 
coxered  by  the  o\erlap  ol  tlic  scale  that  precedes  it,  will  be  found  to  have  a 
boundary  sharply  setting  it  olT  from  the  adjacent  skin. 

One  scale  series  whose  shape  has  an  obvious  uidity  consists  of  the  enlaigetl 
transverse  plates  on  the  belly,  the  ventral  scutes  or  gastrosteges,  usually  termed 
simply  "ventrals."  These  afford  a  flat  surface  on  which  to  crawl;  they  are  smooth 
and  therefore  reduce  friction  as  they  are  dragged  over  the  ground.  Also,  their 
sharji  poster inr  e(l<;es,  .u  ting  liki  tiiiv  ratchets,  facilitate  the  rectilinear  type  of 
crawling,  and  piobalih  the  lateral  undidatory  type  as  well.  The  ratchet  effect  may 
pieNcnt  a  snake's  backing  out  when  trving  to  crawl  through  a  wire  fence  of  too 
sm:ill  a  nu  sh,  as  was  obser\ed  bv  Campbell  ( I1).")0.  j).  1  !). 

l  lie  \entrals  arc  considerably  narrower  (transversely)  at  the  neck  than  at  mid- 
body,  and  again  taper  at  the  tail  (fig.  2:83).  In  a  typical  specimen  of  the  red  dia- 
mond rattler  (C.  r.  ruber),  the  width — ^measured  across  the  body — of  the  ventrals 
just  behind  the  head  was  found  to  be  33  per  cent  of  the  width  at  mid-body:  those 
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just  anterior  to  tlic  vent  were  54  per  cent  of  the  niul-body  width.  Nfeasuied  in  the 
other  direction,  thnt  is,  across  each  scute,  lengthwise  of  the  body  of  the  snake,  the 
dimensions.  (otnp.nKl  w  ith  tliat  at  mid-botlv.  \scrc  G'}  and  59  j)er  cent,  respectively. 
At  niiti-l>ody  the  scutes  ^measured  across  tiic  body)  were  4.6  per  cent  of  the  over- 
all length  of  the  snake. 

Sexual  Dimorphism 

Rattlesnakes,  like  almost  all  other  snakes,  exhibit  sexual  dinKHrphism  in  squama- 
tion.  These  differences  are  particularly  accentuated  in  the  number  of  subcaudal 
scutes;  to  a  smaller  proportional  extent  in  the  number  of  ventral  plates;  and  still 
less,  in  fact  to  an  uhnost  inappreciable  degree,  in  the  dorsal  scale  rows.  The  causes 
of  these  dissiniilai ities  aie  obvious.  The  males  have  longer  (ails  than  the  females 
because  the  retracted  hcmipenci)  are  accommodated  in  the  tail;  and,  being  longer, 
the  tails  require  more  scales  to  sheathe  them.  The  females,  on  the  other  hand, 
from  time  to  time  must  carry  eggs  and  young  that  represent  a  considerable  pro- 
portion of  the  body  bulk,  and  so  are  favored  with  additional  ventral  scutes. 

The  sexual  differences  found  in  rattlesnake  scalation,  as  shown  by  the  statistics 
of  cert.iin  Iiomogcncoiis  populations  of  which  adequate  numbers  were  available, 
have  been  set  forth  in  detail  in  two  prior  publications  (Rlaubcr.  1943a,  p.  11; 
194'),  p.  34).  It  was  found  that  the  coefiicicnt  of  sexual  ibmoiphism^  in  the  ven- 
trals — with  the  females  invariablv  higher — varied  from  ^2  to  1  per  cent,  with  an 
average  of  2.3  per  cent.  This  indicates  a  higher  count  of  about  four  or  five  ventral 
scales  in  the  females  of  most  species. 

The  divergence  in  subcaudals,  with  the  males  always  higher,  is  more  conspicu- 
ous. The  coefficient,  as  determined  separately  for  each  of  21  homogeneous  popu- 
lations of  rattlers  of  19  different  subspecies,  was  found  to  vary  between  15.5  and 
29.3  per  cent,  with  an  average  of  22.4  per  cent.  Again  this  indicates  a  difference  of 
about  five  scales;  but  in  this  case  the  percentage  is  much  higher  because  there  are 
so  few  subcaudals  compared  with  ventrals. 

1  he  results  of  the  investigation  of  sexual  dimorphism  in  doisal  scale  l  ows  (1943a, 
p.  13;  1945,  p.  34)  are  less  consistent.  Of  the  nine  cases  investigated,  the  females 
averaged  more  scale  rows  than  the  males  in  six  series,  but  only  two  of  these  were 
statistically  significant;  in  the  three  cases  of  male  superiority,  all  were  statistically 
significant.  But  in  no  case  did  the  coefRcient  of  sexual  dimorphism  much  exceed 
1  per  cent.  The  conclusion,  tlierefore,  is  that  sexual  difference  in  the  numl>er  of 
dorsal  scale  rows  is  not  uniform  among  the  rattlers  and  is  of  a  practically  negligible 
extent.  In  a  few  other  kinds  of  snakes  the  females  do  have  more  scale  rows  to  a 
signifiicant  degree.  A  similar  investigation  of  sexual  differences  in  the  labials 
(1943a,  p.  13),  although  indicating  dillerences  above  the  statistical  level  of  signifi- 
cance, showed  them  to  be  neither  important  nor  consistent.  In  some  species  the 
males,  and  in  others  the  females,  were  found  to  have  a  slightly  greater  number. 
In  only  one  group  did  the  difference  reach  2  per  cent. 

In  summat  y,  it  may  be  said  that  sexual  dimorphism  in  squamation  among  the 
rattlesnakes  is  consistent  and  important  only  with  respect  to  ventrals  and  sub- 
caudals. 

'The  coefficient  is  the  difFcrence  between  the  means  of  the  sexes,  divided  by  half  the  sum  of  the 
means,  expressed  as  a  percentage.  A  separate  determination  is  made  for  each  character. 
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Variability 

When  countable  or  meristic  characters,  such  as  the  scales  of  rattlesnakes,  are 
used  in  classification — that  is,  t  i  distinguish  subspecies  from  each  other — it  is 

important  to  know  how  witU-  ilic  lluciuations  are  within  a  homogeneous  popula- 
tion. 11  wc  have  no  knowledge  of  the  iiiti asuhspccific  range,  or  extent  of  variation, 
of  a  certain  character,  we  cainiot  lU  ti  inline  wlietlier  a  jjarficular  s])eriMien  that 
we  have  newly  ac(juired  clillers  because  it  really  represents  another  kind  ol  rattler, 
or  because  we  have  happened  to  secure,  purely  by  chance,  one  that  is  higlier  or 
lower  in  some  particular  scale  count  than  the  ones  we  have  studied  before.  As  a 
measure  of  variability,  a  statistic  known  as  the  coefficient  of  variation  is  widely 
employed.  I  have  calculated  the  coefficients  of  several  scale  characters  in  52  homo* 


T.\BLK  4:5 
Variability  of  Scale  Series  is  Rattlksnakks 


Character 

Ciwffieiaiito  of  variation,  per  oeak 

Minimum 

Maximum 

Mean 

1.2 

4.7 

3  6 

1.1 

3.1 

2.1 

1.0 

3.8 

2.1 

Subcaudals,  males  

3.7 

10.3 

6  2 

34 

11.2 

8.1 

Supralabials  

4.3 

8.7 

6.2 

4.9 

8.5 

6.4 

geneous  groups  of  rattlers  of  all  the  better-known  species,  involving  the  scale  counts 
of  many  thousands  of  individual  snakes.  A  few  of  these  statistics  of  variation  have 
been  published  (Klauber,  1937,  p.  36).  From  this  statistical  investigation  there  is 
evident  at  once  a  consistency  in  consistency;  by  this  I  mean  that  each  scale  char- 
acter has  a  substantially  constant  degree  of  variation  among  all  forms  of  rattle* 
snakes,  but  these  degrees  of  variation  differ  with  respect  to  the  several  kinds  or 
groups  ol  scales. 

A  suiinnarv  of  the  ranges  of  the  coefluients  of  \aiiation  is  given  in  table  1:.'). 

It  will  be  observed  that  the  ventrals  have  the  least  variation,  after  which  come 
the  scale  rows.  This  is  entirely  consistent  with  the  usual  procedures  in  herpetology, 
since  these  are  considered  the  most  important  scale  characters  for  classification 
purposes,  which  their  relative  constancy  tends  to  justify.  The  subcaudals  are  less 
important  charactcis  in  rattlesnake  studies  than  in  most  oilu  i  <;enera  because  of 
the  foreshortening  ol  the  tail  by  the  attachment  of  the  rattles.  Furthermoie,  the 
counting  of  the  subcaudals  is  always  attended  with  some  unrertaiiitv  at  both  ends 
of  the  serie  s;  next  to  the  anal  plate  bv  the  presence  ol  Ncales  ikh  tompletelv  ciossing 
the  ventrum,  which  may  or  may  not  be  considered  subcaudals;  and  posteriorly  by 
the  doubtful  character  of  the  scales  that  feather  out  ovor  the  proximal  rattle  (fig. 
2:85).  Although,  in  the  rattlesnakes,  the  subcaudal  scales  are  normally  undivided, 
short  runs  of  divided  scales  are  not  unusual.  They  may  occur  at  any  point  of  the 
series,  and  are  occasional  in  all  species. 
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When  the  range  of  the  coefficient  of  variation  in  the  several  groups  of  rattlers 
sinxcvccl  was  reviewed,  it  was  found  (hat  rrthKcd  variations  are  the  lule  where 
liie  ten  i lory  inhabited  is  restricted,  or  is  ecologically  uniform,  as,  for  example,  in 
the  case  of  island  populations. 

When,  for  purposes  of  differentiating  subspecies,  countable  characters  such  as 
scale  series  are  used,  it  is  important  to  know  not  only  the  degree  of  variability  as 
indicated  by  the  coefficient  of  variation,  but  also  the  nature  of  the  distribution  of 
the  individuals  about  the  population  mean.  An  investigation  has  been  made  of 
such  disd  ihutions  (Klauher.  10  ! !  [  5)  and  it  was  found  that  the  ventrals  (p.  IS), 
siil)(audais  (p.  lo),  and  infralabials  (p.  17)  varied  in  accordance  witli  what  is  known 
as  the  noiinal  curve  of  distril)ution.  I'he  supralabial  curve  was  foiuid  to  he  more 
shaiph  peaked,  that  is,  with  a  closer  concentration  about  the  mean,  than  the 
normal  ( urve. 

The  ({uestion  naturally  arises  whether  the  degree  of  variability  within  homo- 
geneous populations  affects  the  divergence  between  populations.  One  might  ex- 
pect that,  in  the  more  highly  variable  characters,  the  forces  of  natural  selection 
would  have  a  greater  opportunity  to  produce  more  rapid  and  wider  changes. 
Studies  were  made  of  six  pairs  of  related  populations  to  see  whether  the  magni- 
tudes f)t  the  coeffi(  ients  of  divergence  between  populations  corresponded  with  the 
magnitudes  of  the  (oelfuients  of  variation  witiiin  populations,  usini^  the  five  prin- 
cipal scale  series — scale  rows,  ventrals,  sid)caudals.  sujjialabials.  and  infralabials — 
together  with  the  numbers  of  body  blotches  and  tail  rings.  The  statistics  involved 
have  been  published  elsewhere  (Klauber,  1943c,  p.  115).  It  was  concluded  that  in 
these  rattlesnakes  the  factors  or  forces  that  produce  territorial  modifications  are 
somewhat  dependent  in  their  effectiveness  on  the  inherent  variability  of  the  char- 
acters upon  which  they  operate,  for  they  are  more  effec  tive  on  those  characters  that 
tend  to  show  a  hi^h  variability  within  a  territorially  homogeneous  series.  However, 
tlie  correlation  between  intra-  and  intergroup  variability  was  not  a  particularly 
close  one. 

Ontogenetic  Varutions 

It  is  generally  assumed  in  herpetology  that  scale  counts  and  formations  do  not 
change  with  age — that  is,  there  is  no  change  in  any  individual  snake  from  birth  to 
death.  One  might  %vell  infer  this  from  the  relationship  of  each  shed  skin  with  the 
skin  that  succeeds  it,  for  each  scale  is  exactly  duplicated  in  both.  However,  this  is 

no  j)roof  that  there  may  not  be  a  gradual  change  in  the  numl)er  or  fo?ni  of  certain 
scales  as  a  snake  ages.  With  the  iilea  of  iin est igatiug  this  matter,  I  studieil  the  two 
largest  homogeneous  scries  of  the  prairie  rattlesnake  ((,'.  t'.  x'iridis)  available  to  me, 
which  comprised  833  and  673  snakes,  respectively,  and  reached  the  conclusion  set 
forth  elsewhere  (Klauber.  1945.  p.  94)  to  the  effect  that  no  changes  in  scale  counts 
with  age  are  evident.  I  also  determined  that  there  is  no  evidence  of  a  change  in 
variability  with  age  (p.  95).  These  conclusions  were  based  on  the  fact  that  no  sig- 
nificant differences  were  found  between  age-gioups  when  each  of  these  homogene- 
ous scries  was  divided  into  three  such  groups — iu\eniles.  intctniediates,  and  adidts. 

It  shoukl  i)e  emphasi/ed  that  these  conclusions  were  drawn  fiom  series  of  snakes 
from  which  defective  young  had  alieady  been  eliminated  by  natural  causes,  for  the 
juveniles  had  already  traveled  to  their  winter  dens.  Shoidd  one  compare  two  groups 
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of  snakes,  one  <oni])os(  (l  of  vounu  iiiiint  cliau  lv  after  biilh  and  the  ollun  of  adufts, 
it  might  seem  that  a  change  with  age  had  been  demonstrated.  I  his  is  because  any 
group  of  enibi )  us,  or  of  young  within  a  few  days  after  birth,  is  likely  to  contain  a 
number  of  defectives  whose  survival  would  be  of  short  duration.  Such  defectives 
often  have  quite  anomalous  scale  counts,  especially  reduced  counts  accompanying 
body  deformities  or  adhesions,  which  distoi  i  tlic  ax  crages  of  their  groups  from  the 
subspeciiic  normal,  and  hence  might  lead  one  to  infer  an  ontogenetic  change  in 
average  scale  counts  when  none  really  exists. 

Dorsal  ScalepRow  Supressions 

Among  the  most  important  scale  series,  from  the  standpoint  of  classification,  are 
those  that  sheathe  the  dorsal  and  lateral  surfaces  of  the  body — usually  known  as  the 
dorsal  scale  rows,  or,  simply,  dorsals.  In  statistical  studies,  only  the  number  of  rows 
(counting  transversely)  at  mid-body  is  usually  cited;  however,  in  most  snakes, 
rattlesnakes  included,  the  number  of  transverse  rows  varies  at  different  parts  of 
the  body  to  fit  the  bodv  taper.  At  any  point  on  the  hodv.  there  is  usually  an  odd 
ninnbcr  of  scale  rows  in  the  dorsal  series,  comprising  a  niiddorsal  row  plus  the 
same  niuubci  of  rows  on  each  side  of  tlie  l)odv  fioni  tins  low  to  the  vcnlrals.  Tlie 
number  is  usually  yrcatesi  at  the  neck,  tltcreasing  toward  the  tail,  either  by  the 
suppression  of  single  rows,  or  by  the  combination  of  pairs  of  rows  into  a  single  one. 

Ruthven  ( 1 908),  in  his  studies  of  the  garter  snakes,  showed  that  the  system  of 
these  reductions,  particularly  the  numerical  order  in  which  the  rows  are  suppressed, 
could  be  used  to  distinguish  species,  as  well  as  to  indicate  relntionslu'ps  between 
them.  Other  students,  working  on  other  genera,  have  carried  such  investigations 
further,  and  hn\e  found  that  the  point  along  the  bodv,  as  determincfl  l)v  the  ven- 
tral scale  opposite  which  the  c  hangc  occurs,  is  of  inijiortance  in  taxononiv.  Schmidt 
and  Davis  (HMI.  p.  28).  Clark  and  Ingcr  (1012a.  p.  HVS;  19121).  p.  230).  and  Dcmling 
(1951,  p.  131)  have  devised  comprehensive  systems  of  notation  whereby  such  data 
can  be  uniformly  and  completely  presented.  Breder  (1947,  p.  321)  studied  the 
geometry  of  symmetry  in  the  scales  of  fish,  and  included  a  short  discussion  of  scale 
patterns  in  snakes  (p.  406). 

In  the  rattlesnakes  scale-row  su])pressions  are  more  difficult  to  study  than  in  the 
slimmer  colubrine  snakes  ha\ing  fewer  row's.  In  a  rattler  specimen  it  is  often  im- 
possible to  dttt  i niiiu-  ^vhidi  of  two  rows  is  suppressed,  or  ^\•hi(h  two  out  of  three 
rows  are  coinbint d  to  produce  a  single  row.  Suppressions  may  tie  asymmetrical,  so 
that  an  even  number  of  rows  results,  sometimes  at  mid-body.  Points  of  suppression 
are  more  easily  located  in  flattened  skins  than  in  snakes  preserved  "in-the-round." 
It  is  often  as  easy  to  locate  these  points  by  looking  for  irregularities  in  the  diagonal 
rows  as  it  is  to  search  for  the  discontinuance  of  the  longitudinal  rows  of  scales. 

In  the  smaller  spc  ( ii  s  of  rattlers  there  is  usually  a  progressive  reduction  in  scale 
rows  from  the  neck  to  the  anus,  whereas  in  the  larger  there  is  often  a  reduction 
posteriorly  along  the  nick,  followed  bv  an  increase  which  restores  or  apprf)achcs 
the  pic\ious  niaxiinuin,  cither  at  mid  l)ocl\  oi  sli^litlv  anterior  ihcrelo.  Soinelimes 
a  ccjnstani  numijer  of  scale  rows  may  be  maintained  lor  one-third  or  more  of  the 
body-length  at  mid*body.  The  suppression  of  scale  rows  is  more  regular  posteriorly 
than  anteriorly.  There  is  usually  much  irregularity  immediately  behind  the  head, 
and  this  is  likely  to  continue  rearward  for  a  distance  of  several  head-lengths. 
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In  a  tabular  summary  elsewhere  (table  2:7).  1  ha\e  iiulicatccl  the  iiornuil  number 
of  scale  lows  of  the  sevcr.il  subspecies  of  rattlesnakes  at  niid  bocly,  for  this  is  the 
most  important  single  numerical  criterion  with  respect  to  the  ilorsal  scale  rows. 
It  will  be  observed  that  most  subspecies  fall  between  21  and  29  rows,  although 
individuals  with  as  many  as  31  occasionally  occur  in  several  of  the  large  species, 
and  specimens  with  as  few  as  19  may  occur  in  some  of  the  smaller  forms. 

Ths  number  of  scale  rows  one  bead-length  behind  the  head — a  standardized  ref- 
erence point — is  usually  two  or  four  rows  greater  than  at  mid-body»  although 
sometimes  equal  to  the  mid-body  rows,  or  e\cn  two  rows  less.  Just  anterior  to  the 
anus  the  rows  usually  number  four  or  six  below  the  number  at  mid-body.  Prevalent 
sequences  among  various  species  f)f  rattlesnakes  are  29-27-21.  27-25-19,  23-23-17, 
and  23-21-17;  the  numbers  intlicatc.  successively,  the  rows  one  licad-ienmh  behind 
the  head,  at  mid-body,  and  about  five  scutes  anterior  to  the  anal  plate. 

Returning  to  the  matter  of  dropping  of  scale  rows,  I  cite,  as  examples,  the  data 
on  two  rattlers,  the  first  a  Mojavc  (C.  s.  scutiilatus)  from  central  Arizona,  the  second 
a  red  diamond  (C.  r.  ruber)  from  San  Diego  County: 

27  (6  +  7)  25  (5  +  6)  23  (6  +  7)  25  [mid-body]  (5  +  6 )  23  (5  +  6)  21  (4  +  5)  19. 

33  (7  +  8)  31  (7  +  8  R.  6  +  7  L)  29  (5  +  6)  27  (6  +  7}  29  [mid-body j  (5  +  6)  27  (7  +  8) 
25  (5  +  6  R,  4  4-  5  L)  23. 

The  figures  in  parentheses  indicate  tlie  serial  ruimbers- -( oiuiling  upward  on  the 
sides,  beginning  with  the  lowest  lateral  row  next  the  ventral  scutes — of  the  two 
rows  that  are  consolidated  into  a  single  row.  Where  the  consolidated  rows  on  the 
two  sides  differ,  the  conditions  are  indicated  separately,  with  appropriate  letters 
indicating  left  or  right.  Row  suppression  is  not  only  occasionally  asymmetrical  with 
respect  to  the  rows  suppressed,  but  is  almost  always  asymmetrical  in  the  longi- 
tudinal positions  of  the  suppressions,  the  consolidation  on  one  side  taking  place 
as  many  as  10  to  20  scales  in  advance  of  the  corresponding  consolidation  on  the 
other. 

In  addition,  and  this  \vas  particularly  evident  in  the  ruber  exanijile,  there  were 
short  runs  ot  extra  scales  and  of  suppressions  that  I  have  ignored.  These  riujs  in 
some  instances  involved  only  single  or  pairs  of  scales,  but  in  other  instances  en- 
tailed as  many  as  six  scales  longitudinally.  At  one  point,  at  least,  middorsal  scales 
were  involved.  With  such  irregularities  and  asymmetries  of  dropped  rows  in  a 
single  specimen,  I  am  of  the  opinion  that  less  of  taxonomic  value  is  to  be  gained 
from  a  study  of  row  suppression  among  the  rattlers  than  is  the  case  in  other  genera 
having  simpler  scale  arrangements  and  a  greater  imiforinity  within  homogeneous 
populations.  It  is  for  this  reason  that,  in  tabulations  and  keys,  I  have  seldom  cited 
scale  rows  elsewhere  than  at  mid-boch. 

1  he  scale  rows  at  the  center  oi  the  tail  are  occasionally  of  some  inieresi,  aliliongh 
the  intrasubspecific  variation  is  rather  high,  owing  to  a  considerable  irregularity  of 
the  longitudinal  points  of  suppression.  The  generic  variation  is  from  9  to  16. 

Rri..\Tic)NSHii'  Indicia  r()J<s 

Scale  counts  and  ai  i .iiv^i  nients  are  often  useful  indicators  ol  i elationshi)).  For 
example,  the  i)resence  ol  three  or  more  internasals  in  ilu  \arious  snl)Sj)ecies  ol  the 
western  rattlesnake  (C.  viridis) — as  compared  with  the  normal  two  of  all  other 
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rattlcMiakcs — (knioiisti atcd  the  proI)al)lc  i claiioiisliips  ol  the  siihspctics  riiidis 
and  oreganus  even  before  inteigiades  had  bcvn  lound.  l  lic  .same  tan  be  said  tor 
the  divided  first  infralabials  and  relatively  high  \-entral  scale  counts  of  C.  r.  ruber 
and  C.  r.  lucasensis. 

Sometimes  these  scale  peculiarities  determine  differences  between  subspecies 
whose  relationship  has  been  confirmed  by  the  discovery  of  Intermediate  specimens 
in  the  territory  between  their  ranges.  An  example  of  such  a  relationship  is  that  of 

the  southwestern  speckled  rattler  (C.  in.  p\ry/nts)  and  the  I'anamtnt  rattler  (C.  tn. 
stcphciisi).  1  he^e  loi  iiis  diller  not  oidy  in  paltei  ii  hut  in  sipianiation,  lor  ea(  Ii  has 
a  peculiarity  the  other  lacks;  the  first,  granules  between  tiie  lostial  and  prenasals; 
the  latter,  sutured  or  pitted  supraoculars.  In  this  case  intermediate  specimens  hav- 
ing both  peculiarities,  found  in  the  area  between  their  ranges,  rather  than  scale 
likenesses,  have  established  the  subspecific  relationship. 

Scale  counts  are  particularly  useful  in  defining  trends  or  dines  within  sub- 
species-~-that  is,  differences  below  the  level  of  nonienclatorial  recognition.  I  have 
illustrated  some  differences  of  this  nature  elsewhere  (1937,  p.  3f;  l!*!:! a,  p.  15). 
Sometimes  tliese  clincs  are  indicated  by  sr^^tltial  modifications  in  head  scales,  as  is 
the  case  in  Crotnlus  >,(  uhdatu.s.  I  lia\f  also  suj^s^ested  (I9  !'5b.  |).  (i!)  a  .graphical 
method  of  combining  a  number  ot  different  countable  scale  characters  to  determine 
whether  an  intermediate  form  X  is  nearer  another  form  A  than  it  is  to  a  third 
form  B. 

iiPtCIES  l*EClJUARrriFS 

Many  species  of  rattlesnakes  liave  certain  eccentricities  of  head  scalation  quite 
apart  from  rpiantitati\e  dilft  reiK  Ps  in  the  various  st  ale  series.  These  {peculiarities 
seem  to  be  of  no  adaptive  si^nifu  ance,  \et  lliev  are  of  \ahu'  in  ( lassifu  atioii.  as  I 
fiave  already  sliown.  1  liey  are  seldom  invaiiant  or  compleiefy  consistent;  usually 
it  will  be  found  that  a  few  individuals  of  a  species  will  fail  to  have  the  distinguish- 
ing character:  and,  correspondingly,  the  eccentricity  will  sometimes  appear,  but 
with  a  reduced  frequency,  in  related,  or  even  in  unrelated,  species. 

One  of  the  few  scale  pec  idiarities  of  this  type  always  present  in  one  species  is 
the  raised  supraoculars — the  horns — of  the  sidewinder  (C  rrrasti-.s).  I'liese  are 
invariably  evident  in  sidewinders  and  never  in  any  other  rattlesnake  (figs.  2:  lOf  and 
2:105).  It  is  true  that  a  beetle-browed  effect  may  be  noted  in  some  other  spec  ies — 
the  Lower  California  rattler  (C  c.  enyo),  for  exaniple— but.  when  coiiipai  isoiis  are 
made,  it  will  lie  observed  that  the  raised  supraocular  is  not  nearly  so  distinctive 
as  the  exaggerated  horn  of  the  sidewinder.  What  the  pm  pose  of  the  horn  may  be 
is  not  known.  I  once  suggested  that  it  mi^t  serve  to  leave  the  eyes  exposed,  yet 
protected  from  the  drift,  as  the  snake  lies  partly  buried  in  the  sand;  but  now  I 
doubt  that  the  snake  buries  itself  often  enough  to  just  the  required  depth  to  derive 
such  a  benefit  from  the  horns.  The  theories  that  the  horn  comprises  either  a  shade 
for  the  eye  or  a  radiator  of  heat  are  doubtful  in  view  of  the  sidewinder's  noc- 
lurnalitv. 

Ornamental  appendages  of  this  tyjie  are  more  extensi\e  and  bi/airc  in  some 
snake  genera  than  in  rattlesnakes — the  snout  protrusions  of  the  Madagascan  snakes 
of  the  genus  Langaha  and  the  horns  of  the  rhinoceros  viper  (Bitis  nasicomis),  for 
examples.  The  dubious  suggestion  has  been  made  that  these  fontastic  ornaments 
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in  such  species  as  the  horned  vij)ci  ol  the  Sahara  (Aspis  rrrastrs)  miglii  attract  in- 
sects or  l)ir(ls.  when  the  creatures  He  ahiiost  buried  in  tlie  sand  (Grilhth  and 
I'idi^CDn.  IS.SI.  p.  1U]9.  repeatinj^  statenient-,  by  IMiny,  IH.')')-')?,  vol.  2,  p.  285;  book 
viii,  diap.  S'j,  and  by  Solinus^.  l*lin\  rnatlc  an  alternate  suf;gesiion  that  they  might 
serve  as  feelers  (vol.  3,  p.  45;  book  xi,  chap.  15).  Cowles  (1953,  p.  14)  says  the  horns 
of  the  sidewinder  may  be  just  a  whim  of  evolution.  Of  the  two  Saharan  vipers, 
occupying  somewhat  the  same  faunal  nidie  in  that  desert  that  our  sidewinder  does 
in  tile  American  Southwest,  one,  the  sand  viper  (Aspis  vipero),  is  without  horns, 
while  the  other,  the  horned  viper  {Aspis  cerastes),  lias  longer  but  slenderer  horns 
than  ihe  sidewinder.  I  hcrc  is  a  similar  pair  with  and  without  horns  in  the  genus 
liol hrops.  There  seems  no  logical  e\i)lan  iiiun  lor  this  dillcrcncc  in  two  creatures 
so  closelv  relatetl,  and  of  such  similai  habitat  anil  habits. 

Another  peculiar  group  of  scales  always  present  in  one  s^Jccies  of  rattler,  but  in 
no  other,  is  the  sharply  bent  internasals  and  partly  bent  canthals  that  give  the 
ridge-nosed  rattlesnake  (C.  willardi^  its  name  (fig.  2:108).  One  mig^t  assume  this 
snout  peculiarity  to  be  a  digging  device,  yet  this  rattler  inhabits  rocky  situations. 
A  feature  largely  restricted  to  the  wides])tcad  western  rattlesnake  (C.  viridi.s)  is  the 
presence  of  more  than  the  two  internasals  normal  to  otlier  rattlers.  Eighty-six  per 
cent  of  tlu'  noi  them  Pa(  ific  rattlers  (C.  t'.  nrcQ^anjis)  have  three  oi  more  internasals; 
and.  ot  the  other  subspecies  of  C.  -i'lridi.s,  90  per  (cni  or  more  have  this  unusual 
arrangement  (fig.  2:116).  Rare,  indeed,  is  the  rattlesnake  o£  any  other  species  that 
has  it,  even  as  a  chance  anomaly. 

It  is  characteristic  of  the  sid)spe(  ies  of  the  speckled  rattlesnakes,  C.  m.  mitchelU, 
C.  m.  pyrrhus,  and  C.  m.  muertensis,  but  not  of  C.  m.  stephensi,  that  the  rostral  is 
separated  hom  the  prenasals  by  rows  of  small  scales  or  granules  (fig.  2:113).  This 
peculiarity  is  occasional — to  the  (  \tcnt  of  about  17  per  cent— in  the  .\ri/ona  black 
rattlesnake  (C.  t.  rrrberus),  btit  is  quite  rare  in  other  species.  The  Panamint  rattler 
(C.  tn.  strplicnsi).  although  lac  king  these  extra  scales  so  <  hai  ac  (ci  isiic  of  tlic  other 
tnitr/iflli  sul)spt(  ies,  has  its  own  irregulai  it  v.  namcK,  (ouNpicuous  sutures  or  pits 
in  the  supraoculars  (fig.  2:12-1).  This  chaiaclcr  is  occasionally  observed  in  the  re- 
lated muertensiSf  but  rarely  in  any  other  kind  of  rattler. 

The  red,  San  Lucan,  and  Cedros  Island  diamondbacks  (C.  r.  ruber,  C.  r.  lucasen- 
sis,  and  C.  exsut)  are  characterized  by  a  high  proportion  with  divided  first  infra- 
labial  scales,  to  the  extent  of  91,  87,  and  99  per  cent,  respectively  (fig.  2: 132).  These 
scales  are  rarely  present  in  other  species,  except  in  the  durissus  sidis|>ecies  tznhcnn, 
and,  to  a  lesser  degree,  in  culminatus  and  tetrificus.  C.  exsul  is  further  notable  for 
the  j)re\alc  iuc-  of  intergenials  (hg.  2: 115). 

The  suljsjit  c  ies  of  the  rock  rattlesnake  (C.  Irpiilii\)  are  notable  foi  usualb  ha\  ing 
a  vertically  divided  upper  preocular,  the  anterior  half  ol  which  is  luglier  liian  the 
posterior  and  curves  over  the  canthus  in  from  of  the  sufHraocular  (fig.  2:114).  A 
similar  split  is  often  noted  in  the  speckled  rattler,  especially  the  subspecies  C.  m. 
pyrrhus  from  certain  areas,  but  in  this  snake  the  forward  part  is  not  so  high,  nor 
does  it  curve  over  the  top  of  the  head,  as  it  does  in  the  subspecies  of  lepidns.  An- 
other peculiarity,  not  so  conspicuous  or  consistent  as  the  others,  but  useful  in 
identification,  is  found  in  the  Mexican  lance-luaded  rattler  (('.  polxstlrfus):  this 
comprises  a  pair  of  narrow  intcrcanthals,  usually  about  twice  as  long  as  wide 
(fig.  2: 134). 
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Sonu-  sj)tcics  oi  rattlesnakes  arc  (.liaractcri/cd  l>v  unusual  contads  Intwccn  cer- 
tain scales.  For  example,  in  the  subspecies  o£  the  sniall-lieaded  laiiicsnake  (C.  ijilcr- 
medius)  the  loreal  almost  always  touches  a  supralabial,  and  frequently  the  upper 
preocular  as  well  (fig.  2:118),  a  condition  found  in  no  othei  spi l  ics.  A  peculiarity 
of  pricei  is  a  broad  contact  between  the  first  supralabial  and  the  postnasal  (fig. 
2:112).  These  scales  are  separated  in  most  spedes,  and  touch  only  narrowly  in  the 
others. 

I  have  called  attention  to  only  a  few  of  the  nianv  differences  in  scale  shapes, 
niMTibers,  divisions,  arrangements,  and  contacts  that  characteri/e  rattlesnake  sub- 
species with  varving  degrees  of  consistency.  Without  ilie  lecogniiifjn  and  use  of 
these  characters  in  keys,  it  would  usually  be  impossible  to  classify  individual  snakes 
with  accuracy. 

Scale  Homologies  and  Derivations 

As  has  been  stated,  the  si/es  and  arrangements  of  the  head  scales  are  useful  in  indi- 
cating, not  only  species  dilfercnccs,  but  likewise  species  relationships.  The  rattle- 
snakes of  the  genus  Crotalns,  possessed,  as  thev  arc,  of  many  subdivisions  of  the 
head  >(  ah  s  as  (  oinpared  \\  iili  the  more  pi  imiti\e  and  standardized  nine-s(  ale  (  rown 
retained  by  the  rattlers  of  the  genus  Sisirurus.  exhibit  certain  directional  tiends — 
different  in  the  several  spedes  and  species  groups — ^in  the  manner  and  extent  in 
which  the  primitive  scales  have  been  broken  up.  Certain  scales  are  much  more 
subject  to  change  than  others.  These  changes  vary  in  degree,  from  some  species 
that  retain  many  rt  send)lanccs  to  Sistrunis,  as  does  C.  pusillus,  to  the  other  ex- 
treme in  C.  mitchelli  and  its  subspecies,  in  which  the  scales  have  reached  the  ulti« 
mate  in  subdivision.  In  the  latter  species,  more  than  in  anv  other,  it  is  often  im- 
possil)le  to  determine,  bv  tlieir  piesent  loniis  and  locations,  the  original  scales 
from  uhith  the  present  Iragments  and  granules  were  evolved. 

Of  the  head-scale  groups,  the  labials  are  the  least  subject  to  modification;  al- 
though varying  in  number,  and  to  some  extent  in  relative  size,  they  are  substan- 
tially of  similar  form — ^rows  of  scales  edging  the  mouth  above  and  below — in  all 
of  the  rattlers.  Abnormalities  are  occasional  in  nearly  all  subspecies,  but  consistent 

difft  rences  are  suffit  ienth  tart  to  be  worthy  of  comment:  these  are  the  transversely 
di\ide<l  (ust  infialabials  o[  yiihi-t  and  its  relati\es  (fig.  2:I.i2),  carried  farther  into 
the  inteigenials  of  cxsid  (fig.  2:115);  the  elongated  last  supralabials  of  C.  m. 
milrliclli  (fig.  2:M8);  and  the  blunt  first  infralabials  of  C.  \le)nt'geri. 

Of  the  single  or  paired  head  scales,  the  most  constant  are  the  rostral,  the  nasals, 
and  the  supraoculars.  It  is  espedally  notable  that,  although  the  other  seven  crown 
plates  of  Sistrurus  are,  in  Crotalus,  broken  up  in  varying  degrees,  the  supraoculars 
remain,  changed  only  in  relative  size,  except  for  the  pinnacles  of  C.  cerastes  (figs. 
2: 104  and  2: 105)  and  the  irregular  sutures  aind  depressions  found  in  C.  m,  stephensi 
(fig- 2:124). 

The  other  scales  of  ihc  crown  the  internasals,  prefrontals,  frontal,  and  pari- 
etals — all  bi  (  :ik  up  in  \:irving  degices  in  the  species  of  Crotalus,  but  more  so  in  the 
northern  than  ni  the  souihein  forms. 

The  internasals  are  retained  virtually  intact  in  durissus,  basiliscus,  molossus, 
and  their  allied  forms,  as  well  as  in  lepidtts,  triseriatus^  pusilltts^  and  related  small 
spedes  of  the  Mexican  plateau.  They  decrease  in  size  in  the  northern  forms  such 
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as  adamanteus,  airox,  and  horridus;  atul,  in  viridis,  are  subdivided  so  that  there 
are  usually  four  instead  of  tuo  (fig.  2:1 16). 

The  prefrontals  are  also  rciaiiutl  iiiiact  in  dmissKS.  basiliscus,  and  piisilliis,  and 
less  fre(|ncntly  in  rnalnssns,  akhouyii  (Kxasional  incli\iduals  arc  lonnil  in  which 
these  scales  arc  irregularly  sutured.  In  most  other  species,  they  are  subdivided  into 
two  series:  one  to  three  moderately  large  outer  scales — ^the  canthals — and  a  group 
of  intercanthals  between.  With  an  increased  subdivision  of  the  intercanthals,  these 
scales  have  a  tendency  to  become  ridged  and  tuberculate,  instead  of  remaining 
flat  as  in  durissus  and  pusiUus,  in  which  their  primitive  forms  and  sizes  are  re- 
tained. Some  of  the  smaller  rattlers,  such  as  lepidus,  pritei,  and  trisrrintus,  as  well 
as  srutiilotus  among  the  larger,  generally  have  from  one  to  four  flat  intercanthals; 
thus  they  are  intermediate  between  dtnissits  and  such  forms  as  atiax.  luhrr,  \'n  idis, 
and  lion  I  (his,  in  which  there  arc  many  small  and  quite  irregular  scales  in  the 
intercanthal  area.  C.  enyo  and  tigris  are  characterized  by  ridged  and  kirobby 
intercanthals;  polystictus  by  an  eloi^ted  pair  of  flat  scal^  The  canthals  them- 
selves tend  to  increase  from  one  on  each  side  in  the  smaller  species  to  two  or  three 
in  the  larger. 

No  species  of  Crotalus  retains  the  single  frontal  of  Sistmnis,  although  rarely  an 
aberrant  individual  may  have  a  single  scale  that  occupies  the  anterior  part  of  the 
intcrsupraorular  area.  Rut  it  is  usually  characteristic  of  those  species  of  Crotalus 
that  retain  the  ititcrnasals  anil  prefrontals  intact  to  have  a  pair  of  enlarged  fiat 
scales  bridging  the  anterior  stction  of  tlic  intersiipiaoudar  gap.  followed  poste- 
riorly by  smaller  scales  of  more  irregular  size  and  disposition.  Paired  anterior  inter- 
supraoculars  are  characteristic  of  durissus,  basiliscusj  molossus,  and  scutulatus. 
The  maximum  subdivision  of  these  scales  is  reached  in  ruber. 

Paired  and  contiguous  parietals  of  the  colubrine  type  that  characterize  Sistruru^ 
are  never  found  in  Crotalus.  In  the  latter  genus,  the  most  recognizable  parietal 
remnants  are  to  be  noted  in  scutulatus,  in  the  form  of  a  flat  crescentic  scale  at  the 
inner,  posterior  border  of  each  supraocular  (fig.  2: 180).  Scales  of  this  form  are  also 
noted  in  durissus  and  }iii)lo.ssus,  unfortunately  witli  sufficient  frequency  to  iniiibit 
their  use  as  invariable  tliagnostic  characters  for  scutulatus.  The  latter  species  is  also 
peculiar  in  has  ing  the  entire  parietal  area  occupied  by  flattened  scales  of  somewhat 
enlarged  size,  as  compared  with  the  smaller  ridged  scales  on  the  posterior  half  of 
the  head.  Thus  there  is  apparent  a  ghostly  outline  of  the  former  parietals. 

Scale  homologies  are  moderately  consistent  on  the  sides  of  the  head,  although 
somewhat  disturbed  by  the  indentation  of  the  pit.  In  any  case,  there  is  here  no 
basic  difference  between  Sistrurus  and  Crotalus,  such  as  characterizes  the  scales  on 
the  crown.  The  prcnasals  are  usually  iiuari  e\iej)t  in  viitchrlU .  in  which  s])ecies 
(with  tlie  exception  of  C.  tn.  stepheust  )  lhe\  are  suf)divided  antei  iorly  to  interpose  a 
row  ol  granules  adjacent  to  the  rostral  (lig,  2: 1 1 3).  In  tliis  j>pccici>,  it  iliis  subdivision 
of  the  prenasals  is  not  complete,  the  anterior  edges  are  usually  frayed  or  suttired, 
often  producing  partial  separation  by  means  of  a  small  scale  on  eadi  side  next  the 
internasals  or  above  the  supralabiak.  In  most  rattlesnakes  the  prenasal  is  larger 
than  the  postnasal,  with  an  increased  proportion  of  the  latter  scale  occupied  by 
the  nostril  itself  in  the  larger  species.  The  prcnnsal  cinves  over  the  top  of  the 
postnasal  in  such  species  as  pricei  and  intermediuSj  and  under  the  postnasal  in 

*  Often  split  transversely  in  the  species  5.  raws. 


Copyrighted  material 


208  Morphology 

Irpidus.  In  j^olystirtiis.  ciiluT  a  (anilial,  an  intcinasal,  or  an  extra  scale  virtually 
becomes  a  supranasal.  In  separatint;  tlie  regular  nasals  just  aboxe  the  nostril;  and 
in  pricei  tlie  fir:>L  supralabial  vinually  tlocs  the  same  below  (fig.  2:112).  In  cerastes 
the  nasals  are  usually  conjoined  above  the  nostril,  a  condition  also  prevalent  in 
lepidus. 

The  loreal  is  \  ariable  both  in  its  size  and  in  its  contacts  with  adjacent  scales.  It 
is  usually  triangular  in  form  and  slightly  higher  than  wide,  although  the  reverse  is 

often  true  in  lepidus.  An  u|)j)er  loreal.  split  olf  from  a  cantlial,  is  sometimes  present; 
and  it  is  characteristic  ol  drnissjis.  hnsilisrus.  inolossus.  and  tiieir  iclaiiscs  that  a 
row  nl  small  scales  (an  upjn  i  loit  al  and  se\cral  postsuj)raloreals  l)ehind)  are  iisuallv 
intcr]Joscd  jii!>l  below  the  cunthus,  either  jj  trtly  or  entirely  separating  the  upper 
preocular  from  the  canthal,  which,  in  those  species,  is  a  full*fledgcd  prefrontal. 

Below  the  loreal — except  in  the  forms  related  to  intermedius,  in  whidi  the 
loreal  is  in  contact  with  one  or  more  supralabials — ^lies  the  pit  and,  anterior  to  the 
latter,  a  series  of  small  scales  that  have  been  termed  prefoveals.  They  lie  in  the 
triangidar  area  bounded  by  the  pit  border  or  lacunals,  the  loreal,  postnasal,  and 
supi alabials.  Thev  \  arv  oreatly  in  numbei  and  arranirement;  they  are  usually  more 
numerous  in  tlu'  laii^er  species,  as  il  llu  ir  numljer  depended  on  the  area  Ir)  bo 
co\ered.  In  some  forms,  notably  iiihIo.smis,  hasilisr  us,  rxstil,  and  (o  hn  us,  the 
prefoveals  are  usually  tarried  forward  to  the  rostral,  thus  preventing  the  normal 
contact  between  the  prenasal  and  the  first  supralabial  (fig.  2:121).  Where  this  con- 
tact is  not  completely  interrupted  in  these  forms,  there  is  often  a  single  extra  scale, 
a  postrostral,  at  the  rostral-prenasal-supralabial  junction  point. 

The  preoc  ular  scales,  an  upper  and  a  lower,  arc  fairly  consistent  among  the 
rattlesnakes.  The  upper  is  mucli  the  larger  of  the  two;  it  is  usually  entire,  but  is 
cjuitc  consistently  di\ided  verticallv  in  Irpidus,  and  is  iiie^ularlv  broken  up  in 
tn itcfirlli.  It  is  in  contac  t  with  the  posinas.il  ui  some  sj)ecies,  wheieas  in  others  this 
contact  is  prevented  by  the  junction  of  the  loreal  and  a  canthal,  or  by  upper  and 
lower  loreals.  In  some  forms,  notably  triseriatus,  the  upper  preocular  is  tilted  up- 
ward anteriorly,  curving  over  the  canthus,  and  in  this  species  it  is  sometimes 
divided  as  in  lepidus. 

The  lower  preocular,  a  thin  cresceniic  ^c  ale,  forms  the  upper  border  of  the  pit 
in  most  species,  and  is  in  contact  with  the  loieal  beyond.  In  the  forms  allied  to 
iutrrmrditis.  it  usually  cnleis  the  pit,  and  thus  its  ncninal  contact  with  the  loreal 
is  pic\eiU(  (l  (ill;.  2:1.S8).  Occasionally  the  louei  preocidar  is  divided  bv  a  \iitical 
suture;  and  in  C  in.  tnildit  lli  an  e.\tia  scale  cjflen  appears  between  the  pieocidais, 
near  their  midpoints  (fig.  2:  MS).  Below  the  lower  preocular  there  is  sometimes  a 
diagonal  scale  (called  by  Gloyd  the  lacrimal)  of  somewhat  uncertain  status.  It  is 
with  difficulty  distinguished  from  the  suboculars,  and,  because  of  the  peculiar 
( oiifi  irmation  of  tlie  skin  at  this  ])oint.  one  is  often  not  sure  whether  or  not  it 
should  be  considered  a  member  of  the  cjrbital  series. 

X()  sliarp  (listitu  lion  can  be  made  between  sub-  and  posloculars,  and  the  scale 
ai r.Hi'^ements  between  sulxx  ulars  ;uid  labials  are  so  ii  regular  that  one  cannot  with 
cert. limy  designate  tiie  "number  of  stale  rows  between  the  labials  and  orbit"  unless 
a  single  reference  point  be  specified,  as,  for  example,  immediately  below  the  ]nipil. 
However,  it  is  usual K  [possible  to  determine  definitely  which,  if  any,  suboculars 
are  in  contact  with  the  labials,  as  well  as  the  serial  numbers  of  the  labials  so  in 
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contact,  and  these  data  will  he  found  of  use  in  ( lassific  ations.  Siibocular-supralabial 
contacts  are  normal  in  Sislturus,  f)<)lystictus,  pusHbis,  priici.  and  the  iritcrttirdiiis 
i^ioups;  tlicy  arc  frcc|ucni,  hut  not  invariable  in  lepidu^  and  triseriatus:  occasional 
in  tigris;  and  are  (juiie  rare  in  the  other  forms.  The  anterior  subocular  is  the  scale 
that  most  frequently  makes  this  contact;  in  intermedins  both  anterior  and  posterior 
suboculars  usually  touch  the  labials  (fig.  2:138).  and  this  is  sometimes,  but  less 
often,  the  case  in  pricei.  Sometimes  the  numbers  of  the  supralabials  touched  by 
the  anterior  subocular  give  a  species  clue;  for  example,  the  third  and  fourth  are 
contacted  in  S,  miliarius  (fig.  2:99).  and  the  fourth  and  fifth  in  5.  catevatus  (fig. 
2:98).  riie  postocidars  are  smaller  and  nioie  iriegidar  than  the  pre-  or  sul)Oculars. 
Temporals  of  the  colubrine  type  are  absent  in  both  Sistniriis  and  Crotiilus. 

On  ilic  iMulersidc  ol  the  head  there  arc  only  a  few  (onsistent  deviations,  of  anv 
diagnostic  value,  from  the  normal  generic  pattern  of  scale  characters.  Mention 
has  already  been  made  of  the  division  of  the  first  infralabials,  almost  invariable  in 
ruber,  lucasensis,  and  exsul,  and  frequent  in  tzabcan  and  mitchelli.  The  posterior 
point  of  the  mental  is  sometimes  cut  off  to  form  a  submental  (fig.  2: 146);  and  intcr- 
gentals,  formed  by  cutting  off  the  posterior  tips  of  the  first  infralabials,  are  some- 
times present,  particularly  in  exsul  and  rnhrr  (fig.  2:145).  The  most  distinctive 
modification  in  this  part  of  the  liead  is  to  be  found  in  stepicgeri ,  in  wliich  the 
normallv  pointed  posterior  ends  of  the  first  infra lalnals  arc  fjliuit  and,  instead  of 
l>eing  iuic  i  post  (1  bt  twefu  the  gcnials,  terminate  against  them.  In  molossus  and 
scutululus  the  genials  are  sometimes  split  transversely. 

Scale  Characters  and  Cumate 

In  1941  (p.  73)  I  published  a  study  indicating  that,  in  spedes  of  snakes  occupying 
both  the  coastal  and  desert  areas  of  San  Diego  County,  the  desert  specimens — ^in 
most  subspecies — tended  to  have  more  \entral  plates  on  the  average  than  those 

from  aIon<^  tlie  c()ast.  Wade  I'ox  (19  IS,  p.  232)  performetl  some  exceedingly  in- 
terest in;;  and  important  ex jieriuunts  showing  tlie  effect  of  prenatal  temj)erature 
tonchiions  on  scaK-  couiiis  of  the  voung.  He  procuied  gravid  female  garter  snakes 
from  a  limiiid  loialiiy,  antl,  having  divided  them  into  two  groups,  he  submitted 
one  group  to  a  higher  temperature  than  the  other  during  the  period  of  the  eeor 
bryonic  development  of  their  young.  The  young  born  to  the  mothers  in  the  cooler 
room  had  significantly  fewer  scale  rows,  supralabials,  ventrals,  subcaudals,  and 
postocidars  than  those  whose  mothers  had  been  kept  warmer  during  gestation. 
Fox  (p.  261)  is  careful  to  emphasize  that  this  experiment  docs  not  prove  that  the 
geographic  variation  of  scale  characters  is  without  a  genc  tical  basis. 

Tliere  is  little  douln  that  temperatine — and  possibly  humidity  as  well — does 
aiiect  the  scale  counts  of  rattlers,  especially  their  scale  rows  and  ventrals.  However, 
as  will  be  mendoned  in  discussing  rorrclation,  body  she  is  also  important;  the 
larger  snakes — speaking  in  terms  of  population  averages,  not  individuals — ^have 
more  scales.  Where  these  two  effects  are  additive,  that  is,  where  the  larger  form 
also  occupies  a  warmer  area,  the  differences  are  usually  marked;  but  where  the 
two  effects  work  at  cross-piurposes,  the  correlation  is  usually  less  consistent. 
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Correlations 

Among  the  snakes  ihcrc  arc  two  kinds  uL  scale  correlations  (that  is,  concomitant 
variations  in  two  groups  of  scales)  of  sufficient  practical  interest  to  deserve  com- 
ment. The  fint  kind  entails  correlations  within  homogeneous  populatiims  and 
would  supply  answers  to  such  questions  as,  whether,  in  such  populations,  indi- 
viduals with  more  than  average  ventrals  also  have  higher  than  average  subcaudals; 
whether  a  particular  snake  with  a  high  number  of  labials  on  the  right  side  of  the 
heat!  is  likely  to  exceed  the  average  on  the  left  side:  and  whether  one  may  properly 
infer  the  presence  of  above-normal  infralabials  from  the  presence  of  above-normal 
supralabials.  The  second  kind  of  correlation  would  answer  the  same  questions, 
but  would  consider  subspecies  as  tlie  units  of  comparison  in  a  generic  complex, 
rather  than  individual  snakes.  Size  may  also  be  brought  in  as  a  criterion,  the  ques- 
tion being  whether  the  larger  species  tend  to  have  more  scales  in  the  various  series 
than  the  smaller. 

With  regard  to  the  first  type  of  correlaticm — that  involving  individuals  within 

a  homogeneous  population  I  investigated  it  and  evolved  the  following  conclu- 
sions applicable  to  rattlesnakes;  the  pages  cited  all  refer  to  Klauber,  1945: 

Bilateral  correlation  is  c\idcnt  in  scale  peculiarities  or  pai  ticular  contacts;  any 
condition  existing  on  one  side  of  the  head  is  much  more  likely  to  be  duj^licatcd  on 
the  other  than  if  its  occurrence  there  were  based  purely  on  chance  (p.  l.S).  A  high 
bilateral  correlation  is  also  evident  with  respect  to  the  numbers  of  particular  groups 
of  scales  on  the  two  sides  of  the  body  (p.  21).  Special  studies  were  made  of  the 
labials,  including  horizontal  correlation  (the  relation  of  the  supralabials  on  tlie 
right  with  those  on  the  left),  vertical  (the  relation  of  the  right  supralabials  with 
the  right  infralabials,  and  the  same  relation  on  the  left),  and  dii^ional  OMrrelation 

(tlic  right  supralabials  with  the  left  infralabials  and  vice  versa)  (pp.  23—28).  It  was 
found  that  the  horizontal  correlations  were  significantly  higher  than  the  vertical 
or  diagonal.  whi(  li  latter  two  did  not  differ  significantly  from  each  other.  All  cor- 
lelaiions  were  found  to  be  positive  and  significant,  but  the  vertical  and  diagonal 
were  of  a  relatively  unimportant  magnitude  compared  with  the  horizontal.  Briefly, 
in  somewhat  simpler  terms,  this  means  that  if  a  rattler  has  a  higher  than  average 
number  of  supralabials  on  the  right  side  of  the  head,  there  is  a  strong  likelihood 
that  there  will  be  a  high  number  on  the  left;  but  the  likelihood  of  h^her  than 
normal  infralabials,  on  either  the  right  or  left,  is  much  reduced. 

No  correlation  between  dorsal  scale  rows  and  ventrals  was  disclosed  (p.  35),  nor 
was  any  apparent  between  scale  rows  and  subcaudals  (p.  36).  A  slight  correlation 
was  found  between  ventral  and  suhtaudal  scales,  more  in  the  males  than  in  the 
females.  A  moderate  correlation  was  e\ident  between  various  pairs  of  head  scales, 
but  by  no  means  m  all  of  the  pairs  tested  (p.  38).  I'hcre  was  some  correlation  be- 
tween scale  rows  and  labials,  but  none  was  found  between  ventrals  and  labials 
(p.  40). 

In  a  homogeneous  population,  individual  rattlers  that  have  proportionately 
longer  tails  than  the  group  mean  also  have  more  subcaudal  scales  than  the  group 
mean  (p.  81).  Large  male  rattlesnakes  in  such  a  population  tend  to  have  more 
ventral  scales  than  tlic  average  of  the  population,  but  the  same  was  not  found  to 
be  true  of  the  females  (p.  88).  Altogether,  it  may  be  said  that  scale-count  correlations 
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of  tliis  type — corrdaiion  in  a  single  individual,  in  its  deviations  from  group 
averages — is  the  rule  rather  than  the  exception. 

The  other  type  of  correlation  is  that  in  which  all  the  avai]al)le  specimens  ol  a 
species  or  subspecies  arc  combined  into  a  unit  (by  use  of  their  averages)  in  a  study 
of  iniragcneric  variation,  to  see  whetlicr  there  are  concomitant  fluctuations  in  the 
scale  counts  running  through  the  subspecies  so  as  to  comprise  a  generic  pattern. 

These  studies  indicate  that  certain  scales  can  at  once  be  eliminated  from  con- 
sideration, thus  simplifying  a  survey  of  the  rest.  No  generic  correlation  is  found 
to  exist  between  the  subcaudals  and  the  other  scales.  On  the  contrni  y.  as  might  be 
expected,  the  number  of  subcaudals  dejKuds  on  the  relative  length  of  the  tail — 
the  consjiicuoirsiy  long-tailed  species  tend  to  have  high  numbers  of  subcaudals. 
'Ihis  tail  pioportionality  (KlaulK  t,  H)J3a,  table  19).  which  strongly  affects  the 
number  of  subcaudals,  has  no  panic  ular  relation  to  body  si/e,  for  the  long-tailed 
rattlers  include  some  of  the  largest  (e.g.,  durissus)  as  well  as  the  smallest  (miliarius, 
stejnegeri)  of  rattlesnakes. 

As  to  the  various  scales  on  the  crown  of  the  head — the  intemasals,  canthals, 
intersupraoculars,  and  the  total  scales  in  the  prefrontal  area — these  also  are  found 
to  have  little  relation  to  other  series  of  scales,  or  to  the  size  of  the  species.  The 
members  of  tlie  genus  Sistriirus.  except  for  an  occasional  aberrant,  especially  in 
rax'iis,  have  a  luiiforni  pattern  of  nine  j)hites  on  the  crown:  and  even  in  the  genus 
Crotalus,  the  trends  in  these  head  scales  seem  to  follow  certain  lines  of  descent, 
instead  of  being  correlated  wall  other  scales.  Nor  is  there  any  indication  that  size 
is  important  in  determining  the  extent  of  the  subdivision  of  the  scales  on  the 
crown.  For  example,  there  are  large  rattlesnakes  with  many  scales  on  the  crown 
(e.g.,  adamanteus)  and  other  large  ones  with  few  {durisstts);  and  the  same  inde> 
pendent  variation  may  be  observed  in  some  conspicuously  small  spedes,  willardi 
being  an  example  of  a  form  ha\  ing  many  scales  on  the  crown,  whereas  another 
small  species,  fju.silhis.  has  hut  few. 

I'pon  the  omission  of  tliese  scales  from  consideration,  we  are  left  with  the  dorsal 
scale  rows,  vcntrals,  and  labials,  whose  generic  correlations  ^\e  shall  now  review, 
riiere  is,  lirst,  an  unquestioned  correlation  between  the  supra-  and  intraiabials — 
rattlesnake  species  or  subspecies  that  have  high  numbers  of  scales  lining  the  upper 
edge  of  the  mouth,  generally  have  high  numbers  below  as  well.  The  supralabials 
in  rattler  subspecies — citing  the  averages  for  each  subspecies — vary  from  as  few  as 
9.0  in  pricei  and  9.1  in  omiltemnnus,  to  as  high  as  17.4  in  molossus;  the  correspond- 
ing  range  of  the  infralabials  is  from  8.9  in  omiltemanus  and  9.1  in  intermedius 
to  17.7  in  ruber  and  Incasevsis.  Usually,  the  difference  l)etween  the  supra-  and 
infralabials  averages  less  than  one  scale,  with  the  infralabials  almost  invariably 
the  higher.  The  snake  with  the  greatest  difference  is  the  eastern  diamondback 
{adamanteus),  in  which  the  upper  labials  average  14.2  and  the  lower  17.1,  a  differ- 
ence of  S.2.  A  few  subspecies  have  more  uj>per  than  lower  labials;  of  these  lepidus, 
with  an  average  differeno;  of  nearly  one  scale,  is  outstanding. 

In  view  of  the  undoubtedly  close  correlation  between  the  upper  and  lower 
labials,  I  shall  hereafter  combine  the  labials  into  a  single  unit,  in  ascertaining 
their  correlations  with  the  other  scale  series. 

The  thiec  scries  of  scales  -dorsal  scale  rows,  v  t  iuials,  and  laijials — niav  be  taken 
in  pairs  and  their  correlations  assessed,  the  question  being:  is  there  a  concomitant 
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variation  of  one  series  with  another;  for  example,  do  tlic  rattler  species  with  the 
higher  number  of  scale  rows  tend  to  have  more  ventrals  and  labials?  The  answer 
is  yes  with  cvcrv  pair,  not  an  txatl  corulation  bv  anv  iiuaiis,  bui  an  undoubted 
trend  from  which  certain  species  stand  out  as  conspicuous  exceptions. 

The  closest  correlation  is  that  between  ventral  scales  and  labials,  the  relationship 
being  expressed  approximately  by  the  equation  B  =0.1 1 P  —  4»  where  B  is  the  aver- 
age number  of  the  labials  on  one  edge  of  the  jaw  (the  total  labials  divided  by  4) 
and  V  is  the  average  number  of  ventrals  in  the  males.  I  do  not  mean  to  suggest 
that  there  is  exact  adherence  to  this  regression  line;  but  the  correlation  is  suffi- 
ciently close  so  that  nearly  all  subspecies  will  fall  within  one  and  a  half  labial 
scales  on  either  side  of  the  line.  The  principal  dcviators  are  totonacxis.  Icpidus, 
klauheri,  itilcriiirdius,  oiniltcnunuis,  and  jyricci,  which  have  fewer  labials  than 
anti(  ipated  from  the  equation,  the  last  three  conspicuously  so;  and  rneridionalis, 
which  has  slightly  more. 

The  correlation  between  scale  rows  and  ventrals  is  less  consistent,  although  quite 
evident.  The  relationship  is  expressed  by  the  equation  A  =  O.IST  +  3.4,  although 
many  species  and  subspecies  deviate  considerably  from  this  average  generic  line. 
The  subspecies  with  more  than  two  scale  rows  above  the  regression  line  are  durissus, 
culmiriatus,  terrificus,  utiicofor,  adamanteus,  rneridionalis,  willardi,  and  catenatus. 
Those  falling  more  than  two  rows  below  are  omiltemanus,  intermedius,  pricei, 
stephensi,  inxwrtcnsis.  and  totonncus. 

Finally,  there  is  an  unquestioned  correlation  between  scale  rows  and  labials; 
snakes  with  high  numbers  of  scale  rows  tend  to  have  high  numbers  of  labials. 
Roughly  speaking,  the  relationship  of  the  two  is  represented  by  the  equation 
B  =  1.16A  —  15,  where  B  is  the  average  number  of  labials  along  one  edge  of  the 
mouth,  and  R  the  number  of  dorsal  scale  rows  at  mid-body.  For  example,  snakes 

witli  23  stale  rows  have  about  1 1 .7  labials,  whereas  iliose  with  27  rows  average  about 
Hi. 3.  A  considerable  numl)cr  of  subspecies  diiler  by  more  than  one  and  a  half 
labials  from  the  expected  number,  and  a  few  by  as  many  as  two  labials.  1  hcse  are 
pyrrhus,  niiio  tensis,  niaitiits,  liori  idu.s.  and  cerastes,  which  have  more  labials  than 
would  be  expected  under  this  formula;  and  durissus,  culminatus,  terrificus,  uni- 
color,  adamanteus,  and  rneridionalis,  which  have  fewer. 

The  question  naturally  arises  as  to  whether  these  correlations  between  series  of 
scales  may  not  be  produced  by  some  more  fundamental  condition  that  aflfects  all 
alike.  On  the  assimij)tion  that  there  are  mechanical  interrelations  between  skin 
thickness,  scale  si/e,  and  body  size,  one  should  natmally  expect  higher  nmnbers  of 
scales  ill  the  larger  species  compared  with  the  smaller,  although  by  no  means 
proporlional  to  the  inc  rease  in  body  si/e.  Such  a  correlation  is  foiuul  to  exist.  In 
determining  the  correlations,  the  criterion  of  length  for  each  subspecies  has  been 
taken  as  that  of  a  large  male,  as  given  in  table  4: 1.  These  lengths,  in  turn,  have  been 
plotted  against  the  average  scale  counts,  thus  securing  a  scatter  diagram  in  whidi 
each  subspecies  is  represented  by  a  single  point. 

A  moderate  degree  of  correlation  is  found  between  size  and  the  number  of 
donal  scale  rows,  the  smaller  kinds  of  rattlers  usually  having  fewer  rows.  The 
most  conspicuous  dcviators  are  the  three  sid)species  of  willardi,  and  sfrjriegeri, 
exsul,  polystictus.  and  raliginis,  which  have  more  rows  than  might  be  anticipated 
from  their  sizes;  and  atrox,  totonacus,  hurridus,  and  atruaudatus,  which  have  fewer. 


Copyrighted  material 


Morphology  213 

There  is  a  (piitc  evident  correlation  between  ventral  scales  and  size,  although  the 
adherence  of  the  several  subspecies  to  the  regression  line  is  by  no  means  close,  tor 
there  is  much  scattering.  'I'hosc  (h;ir  dcx  i;ite  most  are  i/t'/'/c^jv  r/ ,  exsul.  iriterrncdius, 
and  umiUcinanm;  and  the  stunted  laees  tnuc)  tensis,  nunlius,  caliginis,  and  decolor, 
all  of  which  have  higher  ventral  scale  counts  than  might  be  anticipated  {rom  their 
sizes.  Departing  in  the  other  direction — that  is,  having  fewer  ventrals  than  are  to 
be  expected — are  adamanteus,  atricaudatus,  durissus,  culminatus,  terrifictts,  and 
catenatus.  It  is  as  though  these  subspecies,  living  in  areas  more  £aivorable  to  bodily 
growth  than  their  progenitors,  have  not  yet  had  time  to  increase  their  ventral  scales 


TABLE  4:6 
Tbbnds  of  Sqcamation  with  Length 


lienRtli  ovor-allol 
arepresentativs 
larxe  male 
(mn.) 

VentraU 

Scale  rows 

Lal>ialB 
(one  side  of  one  jaw) 

500 

138 

20.9 

10.5 

600 

149 

22.9 

11.9 

700 

157 

24.3 

13.0 

800 

164 

25  1 

13.9 

900 

170 

25  G 

14.7 

1,000 

174 

26.0 

15.2 

1,100 

176 

26  4 

15.6 

1,200 

178 

26.6 

15.8 

1,800 

m 

26.8 

16.0 

1.400 

ISO 

27  0 

16  1 

1,500 

181 

27.2 

16  1 

1,600 

182 

27.4 

16.2 

in  jjroportion  to  their  changes  in  si/c.  Also,  it  may  be  noted  that  these  spec  ics  and 
subspecies  occur  in  tnore  humid  aieas  than  most  other  rattlesnakes.  ']  he  ellect  of 
temperature  and  possibly  ol  himiidity  on  scale  (ounts  has  aheady  been  mentioned. 

Correlation  is  also  evident  between  body  si/c  and  labials,  although  slightly  more 
evident  between  head  size  and  labials,  as  might  well  be  anticipated.  Fonns  with 
conspicuously  more  labials  than  would  be  expected  (from  the  generic  trend  line) 
are  stejnegeri,  muertensis,  exsul,  and  molossus;  on  the  other  hand,  totonacus  is  low. 

l'ai:>le  1:6  shows  the  approximate  courses  of  the  three  trend  lines  that  have  been 
developed. 

These  three  lines  :irc  parabolic  in  form:  the  increase  in  number  oi  stales,  per 
unit  increase  in  length,  is  nnich  higher  in  j);i>->ing  lioin  small  to  metliuui  si.'ed 
species  than  in  going  from  the  latter  to  large  s]>ecies.  i  he  incremental  preceniagcs 
in  scale  counts  for  a  60  per  cent  increase  in  body  size  are  as  follows: 


Boclv-lcnf^tfi  inrre.iscs 

Petrentage  increases 

in  scale  toiiiUs 

of  60  per  cent 

Ventrals 

Scale  rows 

Labials 

From  500  to  800  mm. 

19 

20 

S2 

From  1,000  to  1,600  mm. 

5 

5 

7 
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Thus  it  appears  that  a  60  per  cent  increase  in  the  size  of  small  rattlers  produces  a 
murli  greater  increase  in  the  numbers  of  scales  in  these  scries  than  a  corresponding 
percentage  increase  from  medium-  to  large  si/rd  spec  ies.  It  should  l)e  iritnatcd  th;it 
these  generic  trend  lines  are  only  approximate,  for  the  deviations  of  individual 
subspecies  from  the  lines  are  quite  extensive. 

The  subspecies  that  deviate  most  from  the  trend  lines  illustrate  one  factor, 
namely,  the  resistance  to  change  in  the  number  of  scales  in  a  series,  after  size  has 
been  modified  by  the  effects  of  ecological  conditions.  A  stunted  race  is  likely  to 
retain,  in  some  degree  at  least,  tin  scale  counts  of  its  ancestors,  so  that  it  usually 
has  more  scales  than  the  truly  smaU  species  of  corresponding  size.  1  hus  we  note, 
in  such  stunted  races  as  muertensis,  nnntius,  and  caltginis,  some  reductions  in  scale 
covints,  compared  witfi  the  races  pyrrhus,  viridis,  and  hellcri  from  ^vhich  they  were 
derived,  but  the  process  has  not  been  carried  as  far  as  may  sonic  day  be  evident. 
This  is  also  true  of  the  relationship  between  exsul  and  ruber.  It  is  clear  that  squa- 
mation  is  more  suble  than  size. 

These  trends  of  correlation  of  size  with  scale  counts  are  occasionally  reversed.  An 
example  of  sudi  a  condition  is  to  be  found  in  the  western  diamond  and  red 
diamond  rattlers  (C.  atrox  and  C.  r.  ruber).  The  latter  is  clearly  derived  from  the 
former,  as  shown  by  resemblances  in  form  and  {Ktttem;  but  although  ruber  is  a 
smaller  snake  than  atrox,  it  has,  on  the  average,  more  scale  rows,  ventrals,  and 
labials,  than  its  hirger  relative,  and  this  despite  the  fact  that  it  lives  in  a  cooler  area. 

Although  the  (Oiiehiiion  of  scale  counts  with  si/e  is  moderately  consistent  when 
species  are  used  as  the  units  of  comparison,  it  is  not  always  consistent  with  respect 
to  adjacent  populations  within  a  subspecies,  or  betweeen  adjacent  subspecies.  Here 
the  effect,  already  mentioned,  of  increased  temperatures  in  producing  higher  scale 
counts,  may  have  counterbalancing  results.  Where  the  two  effects  tend  to  have  the 
same  direction,  that  is,  where  the  smaller  species  occupies  the  cooler  area,  then 
the  correlation  is  likely  to  be  quite  consistent;  but  where  the  contrary  is  true,  the 
residts  arc  nnprcdictahle.  The  Mojave  Desert  sidewinder  (C  r.  cerastes)  is  smaller 
and  occupies  a  higher,  cooler  area  than  the  Colorado  Desert  sidewinder  {C.  c. 
htcrorcprns),  and  all  of  the  scale  counts  of  the  latter  average  higher  than  the 
former.  The  same  is  true  of  the  southern  Pacific  rattler  (C.  v.  hclleri)  when  com- 
par»l  with  the  smaller  Coronado  Island  rattler  (C.  v.  caliginis).  But  although  the 
prairie  rattlers  of  northeastern  Colorado  are  smaller  than  those  of  central  South 
Dakota,  they  occupy  a  warmer  area  and  are  higher  in  some  scale  counts  and 
lower  in  others  (Klauber,  1937,  p.  S4).  Similarly,  the  western  diamond  rattlers  of 
south-central  Arizona,  although  somewhat  smaller  than  those  of  central  Texas, 
have  more  scale  rows  and  ventrals.  The  area  (hev  inhabit  is  drier  and  somewhat 
warmer.  1  hcsc  and  other  examjjles  make  it  clear  tliat  temperature  effects,  wlun  in 
opposition  to  si/e,  may  upset  the  effects  of  size  differences.  But  where  the  tempera- 
ture differential — and  possibly  that  of  humidity,  also — is  moderate,  or  the  size 
difference  between  the  populations  is  great,  then  the  correlated  differences  in  the 
scale  counts,  especially  the  donal  scale  rows  and  the  ventrals,  are  likely  to  be 
considerable,  and  entirely  consistent  with  size  trends. 
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COLOR  AND  PATTERN 

"As  touching  Serpents,  wee  see  it  ordinarie  that  for  the  most  part  they  are  of  the 
colour  of  the  earth  wherein  they  lie  hidden:  and  afi  infinite  number  of  sorts  there 
be  of  them."  So  said  Pliny  many  centuries  ago  (translation  by  Philemon  Holland, 
1601,  vol.  1»  p.  208). 

Rattlesnakes  are  indeed  of  many  colors  and  patterns.  Although  their  colors  can 
often  be  attributed  to  procr^psis  or  conceahng  coloration,  this  is  by  no  means 
invariably  the  case.  In  general,  rattlesnakes  are  blotclud,  as  is  usually  true  of 
liea\ \-l)o(iie(l,  slow-moving  snakes  (Klaul)cr,  1931b,  j).  It  any  pattern  can  be 
considered  typical  of  the  rattlers,  it  comprises  a  |)riniary  series  oi  tlark  dorsal 
hexagons,  each  ol  which  is  bordered  by  a  row  ot  light  scales.  1  he  interblotch  color 
is  usually  intermediate  in  shade  between  the  blotches  and  their  light  borders. 
Laterally,  there  are  from  one  to  three  rows  of  smaller  auxiliary  blotches,  alternating 
with  the  dorsal  series  and  with  each  other.  Postericnrly,  the  dorsal  blotches  merge 
with  the  laterals  to  form  crossbands,  a  characteristic  of  many  species.  The  body 
marks  are  less  sharply  defined  posteriorly  than  toward  the  head.  There  is  a  great 
difference  between  species  of  rattlers,  and  indeed  witliin  species,  with  respect  to 
the  definiteness  with  which  the  dorsal  blotches  are  outlined  and  limited.  lu  some, 
the  blotch  borders  arc  sharply  edged,  whereas  others  have  blotches  that  are  hardly 
more  than  ill-defined  concentrations  of  stippling.  In  most  species,  the  patterns 
become  less  clear  when  the  snakes  become  aihilt.  The  ventrum  is  usually  mottled 
with  irregcdar  dark  marks  on  a  lighter  background. 

The  dorsal  blotches,  although  most  often  hexagons,  vary  in  the  several  species 
through  a  diversity  of  shapes,  such  as  diamonds,  rectangles,  and  ellipses.  While  the 
anterior  blotches  are  usualh  closed  on  the  sides,  this  is  not  invariable.  In  the 
.Arizona  ridge-nosed  rattler  (C.  xv.  xvillardi),  the  lateral  blotr !i  ('dgcs  fade  imper- 
cejjtil)ly  into  the  ground  color  (fig.  2:72):  and  in  the  northern  blacktail  (C.  m, 
ynolossus),  even  the  anterior  blotches  usually  continue  down  the  sides  as  narrow, 
dark  streaks  (fig.  2:107).  Some  rattlers,  including  the  subspecies  ol  C.  horridus  (figs. 
2:30  and  2:31)  and  C.  lepidus  (figs.  2:35  and  2:36),  are  cross-banded  rather  than 
blotched,  although  the  bands  are  rather  irregular.  In  one  form,  the  Arizona  twin- 
spotted  rattler  (C.  p.  pricei)»  the  major  dorsal  blotches  are  divided  into  two  series, 
on  opposite  sides  of  the  middorsal  line  (fig.  2:46);  and  in  another  (C.  polystictus) 
there  are  rows  (sometimes  separated  middorsally)  of  ellipses  with  their  major 
axes  lengthwise  of  the  snake  (fig.  2:136). 

While,  as  pointed  out  elsewhere  (p.  237),  freak  rattlers  with  longitudinal  stripes 
are  occasionally  found,  such  marks  arc  not  normal,  except  in  the  subspecies  of  the 
Neotropical  rattler  (C.  durissus)  and  in  C.  unicolor  (figs.  2:19  and  2:60).  The 
snakes  of  this  group  have  a  pair  of  dark  stripes  on  the  neda,  separated  by  a  lighter 
middorsal  streak.  These  marks  extend  from  one  to  four  head-lengths  behind  the 
head,  posterior  to  which  they  are  replaced  by  diamonds. 

Rattlesnake  heads  are  usually  marked  with  a  dark  streak  passing  b:i(  k^\;ird  and 
downward  through  the  eye  toward  the  angle  of  the  mouth;  this  streak  is  set  off  by 
light  borders  oi  a  light  backj^round.  The  top  of  the  head,  especially  the  supraocular 
scales,  generally  contains  various  light  marks,  although  in  many  species  these  di.s- 
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appear  with  age.  Rattlesnake  tails  are  characteristically  barred  with  dark  cross* 
bands  or  rin'^s  on  a  lighter  background.  Sometimes  the  tail  colors  arc  sharply 
diffeiciuiated  lioni  those  of  the  body,  a  characteristic,  for  example,  of  the  diamond- 
backs  allied  to  the  uesicrn  diamond  (C.  atrox),  uhic  h  ha\e  aheniate  light-gray  and 
black  rings  on  the  tail,  whereas  ilie  body  color  is  tan,  led,  or  gray  (lig.  2:125).  In 
molossus  the  tail  is  usually  solid  black,  quite  dissimilar  to  the  rest  of  the  body, 
which  is  olive-green  or  olive*brown.  A  tendency  toward  loi^tudinal  striping  on 
the  tail  is  to  be  noted  in  a  few  rattlers»  particularly  the  ridge-nose  (C.  willardi)  and 
the  Cedros  Island  diamondback  (C.  exsul).  The  reason  for  these  color  contrasts 
between  \hc  body  and  tail  is  not  apparent,  unless  it  be  to  attract  visual  attention  to 
the  place  trom  whidi  tlie  sound  of  the  rattle  is  emanating.  When  a  snake  rattles, 
the  tail  is  somewhat  blurred  by  the  rapidity  ol  the  \  ibration,  but  as  the  motion  is 
transverse,  rings  are  less  blurred  than  stripes  would  be. 

Color  and  Its  Application 

A  close  examination  reveals  that  the  rattlesnake's  color  is  usually  applied  in  the 
form  of  dots,  stippling,  or  punctations.  Sometimes  the  separate  dots  are  dearly 

evident,  as,  for  example,  in  the  western  diamond  (C.  alrox),  tlie  southwestern 
spec  kled  rattler  (C.  ni.  pyrrhus),  and  the  tiger  rattlesnake  (C.  tigris);  in  others  the 
dots  can  l)e  distinguished  oidv  upon  magnification.  Kalin  (1911.  p.  228;  1912a,  p. 
17S),  in  discussing  color  changes  in  the  prairie  l  ailler  [C.  v.  viridi.s),  has  shown  how 
inti'i  mediate  colors  result  from  the  interactions  between  melanojihores  and 
guanophoies.  It  is  probable  that  rattlesnake  colors  are  produced  by  the  relative 
concentrations,  superpositions,  and  arrangements  of  four  types  of  pigment  cells: 
melanophores  (black),  guanophores  (white  or  yellow  reflecting),  lipophores  (yellow 
to  orange-red),  and  allophores  (red  to  violet).  Melanic  granules  in  the  intercellular 

spaces  aie  also  important. 

Raltlesnake  blotches,  marks,  and  ground  colors  vary  from  white  to  black, 
through  many  hues,  shacks,  and  tints.  White,  or  almost  white,  is  not  at  all  luicom- 
mon  \(.nlra!l\,  and  many  species  ha\e  rows  or  clumps  ol  white  scales  dorsally  or 
laterally.  Probably  the  rattler  most  nearly  deserving  the  name  "white  rattlesnake" — - 
exclusive  of  albinistic  freaks — is  a  color  phase  of  the  southwestern  speckled  rattler 
(C.  m.  pyirhus)  that  occurs  in  the  Tinajas  Altas  Mountains  of  southern  Yuma 
County,  Arizona  (Klauber,  1936a,  plate  20),  although  even  this  snake  has  patches 
of  dark  scales  on  the  back. 

Jet-black  rattlers  are  to  be  found  as  an  adult  color  phase  of  several  subspecies, 
including  the  eastern  massasauga  (S.  r.  ( afenatus),  the  Mexican  pigmy  rattler  (V. 
unnts).  and  the  timber  rattler  (C.  Ji.  Iiorridiis).  In  some  areas,  the  Arizona  black 
rattlei  (C  i-.  cerhcrus)  is  almost  entirely  black  (lig.  2:t)5). 

Although  most  rattlesnakes  run  to  grays  and  browns — soft  colors  j[jcipular  for 
decorative  schemes  during  the  mauve  decade — ^bright  colors  are  by  no  means  absent 
from  their  patterns,  but  such  colors  are  less  conspicuous  than  in  unicolored  snakes. 
Certainly  Ruskin's  dictum  (1875,  p.  191),  that  rattlers  are  never  brightly  colored, 
is  far  from  accurate.  Several  kinds  of  rattlesnakes  include  bright  yellow  in  their 
patterns,  tlie  limber  rattlesnake  (C.  //.  horridus),  ;md  the  nortlicrn  blarktail  (C  m. 
molossus)  from  some  moimiain  areas,  l)eing  examples.  The  nudget  faded  rattler 
(C.  V.  decolor),  from  certain  parts  of  its  range,  is  so  suffused  with  this  color  as  to 
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give  the  impression  of  a  yellow  snake.  S[)ccinKns  of  the  Grand  Canyon  rattler  (C.  v. 
(ihyssus)  became  almost  uni(oloi  cd  oiani^c  when  acluli;  and  the  southwestern 
speckled  rattler  (C  rn.  /)\rr/nis).  as  [ound  in  the  Santa  Ana  Mountains  ot  southern 
California,  is  a  liandsomc  burnt-orange  snake.  I'atciies  of  orange  are  to  be  seen  on 
various  other  kinds  of  rattlers. 

No  rattlesnake  is  a  brilliant  red,  with  the  ])uie  color  occasionally  to  be  seen  in 
other  kinds  of  snakes,  the  California  coral  king  snake  {Lampropeltis  zonata)  and 
the  Sonoran  shovel-nosed  snake  (Chiormctis  lmla}ostris)t  for  examples.  But  many 
kinds  of  rattlers  arc  red-brown  or  even  brick-red,  among  them  the  red  diamond 
(C.  r.  ruber),  the  Cedros  Island  diamond  (C.  cxsul),  young  specimens  of  the  Mexican 
west-coast  rattler  (C.  h.  hnsili.sctis).  the  .Arizona  prairie  rattler  {('.  ,'.  rnnitiu.s),  and 
\vest(  i  n  tlianionds  ((7.  <itr(>\)  from  certain  aieas  in  New  Mexico,  f  he  brightt  si  red 
that  I  have  seen  on  any  rattlesnake  was  an  ephemeral  lateral  color  between  blotches 
noted  in  certain  specimens  of  the  Arizona  black  rattler  (C.  v.  cerberus)  from  near 
Hillside  and  Date  Creek,  Arizona.  This  color  was  lost  immediately  when  the 
snakes  were  preserved.  Many  rattlesnakes  are  pink  ventrally;  and  the  southwestern 
speckled  rattlesnake  (C.  rn.  fj\r>liii\),  from  some  mountain  chains  in  (entral  Arizona 
and  southern  California,  has  a  beautiful  coral-pink  or  salmon  dorsal  color,  so 
little  marred  bv  daiker  blotches  that  it  answers  the  re(juire!iieiits  of  any  bibulous 
tale.  I  he  mottled  nn  k  laiiUsnake  [C  I.  Icpidus)  is  (juite  pink  in  some  areas. 

Green  is  a  common  color  among  the  rattlers,  although  it  usually  tends  toward  a 
dull  olive  rather  than  the  brilliant  green  of  some  tree  snakes  of  the  tropics.  The 
Mojave  rattler  (C.  5.  scutulatus),  the  northern  blacktail  (C.  m.  molo^us),  and  some 
specimens  of  the  banded  rock  rattler  (C.  L  klauberi)  are  quite  green,  as  are  the 
northern  Pacific  rattlers  (C.  v.  oreganus)  in  the  Marysville  Buttes  of  California.  All 
of  these  give  the  general  impression  of  being  green  snakes,  although  other  c  olors 
appear  in  tlieii  blotches.  Olive  green  is  a  common  rattler  color;  examples  of  sub- 
spec  ics  tlisjjlaving  this  hue  are  the  jjraiiie  rattlei  ((.'.  i'.  I'lrifUs).  especially  those 
ironi  the  upper  Missouri  Basin,  and  the  adult  Mexican  west-coast  rattlers  (C.  b. 
basiliscus). 

No  rattlesnakes  are  blue  with  the  brilliance  that  characterizes  the  taib  of  many 
skinks,  and  few  can  be  called  blue  in  any  sense.  Some  specimens  of  the  banded  rock 
rattler  (C.  I.  klauberi)  ate  slightly  bluish,  and  this  color  is  present  to  a  lesser  degree 
in  some  Arizona  twin-spotted  rattlers  (C.  f).  prirei).  Some  grayish  ratdets  have  a 
lavender  tint;  among  these  is  the  l  oriuga  Island  diamondback  (C.  tortugensis). 

The  color  ensembles  of  many  rattlers  invohe  h(  .uiiiiul  sliadings  and  contrasts. 
Aniont;  the  handsonust  1  shoidd  place  the  l*anamint  i. it  tier  (C.  in.  stephcusi)  from 
the  eastern  slope  of  the  Sierra,  tlie  Lower  California  rattler  (C,  e.  enyo)  from  the 
Cape  San  Lucas  region,  and  the  northern  blacktail  (C.  m.  molossus),  particularly 
specimens  from  the  Santa  Rita  and  Htiachiica  mountains  of  southeastern  Arizona. 

PATrKRN  AND  CoLOR  AS  IdKN  I  II  YINC  CHARACTERS 

The  colors  and  jjatterns  of  snakes  are  their  most  obvious  features  and  the  simjjlest 
to  use  in  distinguishing  species,  to  whatever  degree  they  aie  dependable.  One 
entirely  familiar  with  rattlesnake  patterns,  so  that  he  has  attained  a  certain  "feel" 
regarding  them,  can  readily  use  them  in  classihcation;  but  to  the  novice  they 
present  difficulties  in  application  because  details  of  pattern  and  color  arrangement 
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are  more  important  than  the  gcnci.il  color  impression  conveyed  by  the  snake  as  a 
wliolc.  Hence  rattlesnake  identification  keys,  to  tlic  extent  th:it  items  oi  C(jlor  ami 
pattern  aie  used,  entleavor  to  cite  particuhn  spec  ies  idiosyiu  r;isies,  in  the  jiossession 
of  which  a  species  may  be  unique,  such  as  the  \cuicai  iiglit  hue  on  the  prenatal 
and  first  supralabial  scales  of  the  eastern  diamondback  (C.  adamanteus). 

In  general,  pattern  and  color  are  less  dependable  diaracters  for  classification 
than  those  of  squamation,  for  they  are  more  plastic  and  therefore  variable.  Pattern, 
especially  the  arrangement  and  contours  of  the  light  and  dark  marks,  is  more 
dependable  than  color,  for  the  latter  is  the  most  pliable  character  of  all.  Yet  even 
color  is  quite  consistent  in  some  subspecies,  so  that  it  does  have  some  value  in 
classification,  and  may  even  be  made  the  basis  of  siibspecific  seiz^regations. 

Blotch  shapes  aic  not  partit  iilarly  usctul  in  distingiiishint^  sjxcies,  since  they  are 
subject  to  mucli  irregularity;  there  are  often  marked  dilferences  along  the  body  of 
a  single  snake.  Thus,  it  is  often  not  possible  to  depend  on  distinguishing  diamonds 
from  hexagons  or  ellipses.  In  many  species  the  posterior  dorsal  blotches  merge  with 
the  lateral  series  to  produce  crossbands.  Such  spedes  as  horridus  and  lepidus  are 
notable  because  their  anterior  blotdies  have  become  crossbands;  and  the  northern 
blacktail  (C.  m.  molossus)  because  the  anterior  blotches  are  often  open  on  the 
sides  and  extend  laterally  as  dark  rows  of  .scales  that  reach  the  ventrals.  DilTcrenccs 
as  great  as  these  from  the  normal  rattlesnake  blotches  are  definitely  useful  in 
dia<;nosis. 

1  iie  iiaiure  ot  the  light  borders  of  the  doisal  blotches  is  often  oi  more  impor- 
tance in  distinguishing  species  than  the  blotches  themselves.  Some  species  are 
characterized  by  having  unicolored  light  scales  bordering  the  blotches,  thus  makii^ 
the  blotch  edges  serrated.  Example  species  in  this  eatery  are  the  Mojave  rattler 
(C.  s.  scutulatus)  and  the  ])lacktail  (C.  m.  molossus).  In  other  spedes,  the  blotch 

edges  arc  even,  with  ihe  borders  ciittmg  n cross  scales  without  rci^aid  to  their 
presence;  this  is  characteristic  of  the  jirairic  rattler  (C.  t'.  xnridis)  and  the  massasauga 
(S.  cotenatus).  In  still  others,  the  diamondbacks  for  example,  the  boitierino  scales 
are  light  only  on  their  posterior  tips.  Blotch  widths  and  lengths,  measured  in  num- 
bers of  scale  rows  across,  and  in  members  of  scales  end-to-end  lengthwise  of  the 
snake,  are  occasionally  of  taxonomic  interest.  The  application  of  color,  whether 
spread  uniformly  or  in  separate  dots,  is  also  important.  Such  spedes  as  the  speckled 
rattler  (C.  mitchelli)  and  the  tiger  rattler  (C.  tigris)  have  blotches  that  are  merely 
irregular  concentrations  of  punctations. 

Tlie  number  of  blotches  on  a  rattlesnake — that  is,  the  number  in  the  main  dorsal 
series  mav  be  determined  with  a  iair  decree  of  accnr;ir\.  and  may  be  useful  in 
ciistinguisliing  species.  I'rue,  there  arc  sometimes  doubts  in  countini;,  siuh  as 
may  be  invol\ed  by  a  pair  of  adjacent  blotches  partly  joined  to  form  a  single  one; 
or  instances  of  lateral  asymmetry  with  more  blotches  on  one  side  of  the  dorsum 
than  on  the  other.  In  many  Texas  specimens  of  C.  /.  lepidus,  there  is  a  dual  series  of 
dorsal  blotches  of  two  grades,  primary  and  secondary,  and  occasionally  these  are 
not  readily  differentiated.  But,  aside  from  such  doubtful  cases,  the  statistics  of 
blotch  counts  may  prove  useful  in  distinguishing  between  species  or  subspecies  of 
rattlesnakes.  I  he  coinits  of  the  tail  rings  are  less  satisfactorv.  Tlie  marks  may  be 
obsdue,  or  partially  run  together,  and  there  is  often  a  doubt  as  to  whether  the 
final  ring,  sometimes  darkening  onl)  a  few  of  the  scales  that  feather  out  over  the 
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proximal  rattle,  should  be  counted.  Since  tlierc  are  relatively  few  rings,  say  5  to  10 
or  12,  a  doubt  icspertiiv^  1  or  2  is  important,  and  for  tin's  reason  statistics  ol  tail 
rings  are  rarely  uselul,  except  in  the  subspecies  of  C.  viridis.  Sexual  dimorphism 
is  a  further  ( omplication,  for  this  materially  affects  the  number  of  tail  rings  but  not 
the  dorsal  blotches. 

Elsewhere,  in  table  2:7, 1  have  set  forth  the  maximum,  minimum,  and  average 
blotch  counts  of  most  of  the  subspecies  of  rattlesnakes.  At  this  point,  however,  I 
should  like  to  generalize  upon  the  nature  of  blotch-count  variations  within  homo- 
geneous groups  of  rat  tiers.  The  curve  of  variation  of  the  blotch  counts  is  probably 
normal  (Klauber,  1911,  p.  20).  Tliere  is  a  positive  correlation  between  the  body 
blotches  and  the  tail  rings,  although  not  so  high  as  in  other  kinds  of  blotched 
snakes,  because  the  rattlesnake  tail  is  so  short  (Klaul)er,  1915,  p.  .57).  The  cf)cnKient 
of  variation  of  the  body  blotches  was  computed  for  some  50  homogeneous  groups 
of  rattlers,  and  was  found  to  range  from  4  to  12  per  cent.  Most  of  the  results  fell 
between  5  and  8%  per  cent,  with  an  average  of  6^.  It  was  of  interest  to  note  that 
two  of  the  lowest  coefficients  were  those  of  island  forms,  the  Tortuga  Island 
diamondback  (C.  tortugensis)  and  the  Cedros  Island  diamondback  (C.  exsut),  both 
of  which  had  coefficients  of  4%  per  cent.  High  coefficients  were  found  in  mountain 
species  and  otliers  subject  to  variable  ecological  tondiiicnis.  Tail-iing  (  i  f!  fents 
ranged  from  10  to  25  per  cent,  many  of  them  falling  in  the  neighborhood  oi  15  to 
16  per  cent. 

The  head  marks  on  rattlesnakes,  that  is,  the  light  and  dark  streaks  or  spots,  are 
often  quite  consistent  and  therefore  useful  in  distinguishing  species  and  subspecies, 
although  some  of  these  marks  are  lost  as  the  snakes  age.  For  example,  there  is  the 
vertical  light  line  just  in  front  of  the  nostril  in  the  eastern  diamondbadi  (C. 
adamanteus),  the  vertical  line  on  the  tip  of  the  snout  characterizing  two  subspecies 
of  the  ridge-nosed  rattler  (C.  willardi),  the  forwaid-curving  supraocular  marks  of 
the  Lower  California  rattler  (C.  enyn),  and  the  backward-curving,  thin,  light  marks 
of  the  ^^c\ican  lance-headed  rattler  i C  j>o}\^(i(  tus).  Sometimes  there  are  tlifferences 
sei\ing  to  distinguish  entire  groups,  such  as  the  direction  of  the  postocular  light 
stripe  that  dillercntiatcs  the  western  dianiondbac  ks  {atrox.  i()}tugcti.sis.  ( utalinensis, 
lucasemis,  rubers  and  exsul)  from  the  subspecies  of  the  western  rattlesnake  (C. 
viridis);  for  in  the  former  this  stripe  intersects  the  upper  lip  in  advance  of  the 
angle  of  the  mouth,  whereas  in  the  latter  it  passes  rearward  above  the  angle,  as  it 
does  in  the  eastern  diamondback  (C.  adamantetis)  as  well  (figs.  2:141,  2:118,  and 
2:100). 

The  tail  marks  are  nioderately  useful  in  taxonomy.  Some  groups,  the  western 
diamondbacks  for  example,  are  distinguished  bv  bj  ightiv  banded  tails,  while  others, 
such  as  the  limber  rattler  (C.  Ii.  Iiorridus)  and  the  northern  blacktail  (C.  m. 
tnolo:tsuj>),  have  unicolorcd  tails — black  in  these  two  subspct  its    with  crossbaiuls 

that  are  only  faintly  perceptible,  if  evident  at  all.  C.  scutulatus  and  C.  atrox, 
although  having  similarly  colored  tails,  may  be  distinguished  by  the  relative  widths 
of  the  black  bands  and  gray  interspaces;  in  atrox  the  rii^s  and  interspaces  are 
about  equal,  whereas  in  scutulatus  the  black  bands  are  much  narrower  than  the 

gray.  In  a  similar  manner,  the  northern  Pacific  rattler  (C.  v.  orrgarius)  may  be 
differentiated  from  the  southern  (C.  t-.  helleri),  for  in  the  former  the  two  last  dark 
tail  rings  aie  of  ecjual  width,  wIk  t  eas  the  final  ring  in  the  southern  subspecies  is 
about  twice  as  wide  as  the  penultimate. 
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As  I  have  said,  colors  arc  sonic\vliat  less  dependable  in  distinmiishing  kinds  of 
rattlcis  than  is  pattern.  altliou<;h  in  some  subspecies  tliey  arc  quite  consistent.  It 
nuist  be  recos^ni/ed  that  the  subsi)i  c  ies  is  a  sub)icti\e  catcgoi  x,  and  lor  this  reason 
tlic  range  ol  ilic  variation  wiiliin  a  subspecies  depends  on  the  extent  of  the  taxo- 
nomic  work  that  has  been  done  on  a  particular  species.  But  some  rattlers  are  so 
variable  within  a  single  area  that  color  must  be  judged  inadequate  for  differentia- 
tion. The  southwestern  speckled  rattler  (C.  m.  pyrrhus)  is  probably  the  most 
variable  of  all  in  color,  for,  in  <lifferent  areas,  it  is  white,  cream,  tan,  buff,  drab,  gray, 
brown,  pink,  orange,  or  salmon.  Were  these  colors  entirely  consistent  within  areas, 
this  form  might  readily  be  divided  into  many  more  subspecies,  but  there  is  no 
such  tonsistenty.  I  his  is  an  extreme  case.  l)ut  there  are  others,  such  as  C.  atrox, 
C.  r.  iiiriclis,  C.  v.  minlius.  C.  r.  (jrru^dtii/s.  ami  C.  t'.  (crhenis,  whicli  sfiow  great 
color  variations,  anil  these  not  always  terniorially  consistent. 

This  variability  of  rattlesnake  colors  often  leads  to  the  popular  sup]x>sition  that 
there  are  two  or  three  kinds  of  rattlers  in  places  where  in  reality  only  one  occurs. 
This  is  particularly  true  in  mountainous  districts,  where  there  are  color  differences 
between  the  snakes  of  the  lowlands  and  of  the  higher  elevations.  Sometimes  the 
pattern  changes  that  come  with  age  lead  to  the  idea  that  there  are  two  kinds  of 
rattlers  in  the  vicinity.  Of  course,  there  are  many  places  in  the  United  States  where 
two  or  more  kinds  ol  rattlers  do  live  in  the  same  neigliborhood — indeed,  there  is 
one  aiea  in  Arizona  where  no  less  than  six  different  species  are  found  to<;cther — 
but  there  is  a  very  large  territory  west  of  the  Rockies  and  north  ol  the  latitude  of 
San  Francisco  where  no  more  than  one  kind  of  rattler  occurs  in  any  one  place;  yet 
it  is  quite  generally  believed  throughout  this  area  that  different  species  are  found 
at  the  higher  and  lower  elevations.  The  following  comments  from  some  of  my 
correspondents  discuss  this  matt^: 

We  have  two  kinds  of  rattlers  on  our  range.  One  is  tiie  diamondback,  which  can  be  found 
anywhere  from  ihc  Stanislaus  River  to  the  sh)|)c  of  the  Mokehunue  Ri\ei;  from  tliere  on  to 
the  Mokehimne  River  one  will  find  the  black  rattier,  which  is  not  so  large.  I.otiis  l.ombardi, 
Moketumne  Hill,  Calif.  ^ 

There  seem  to  be  two  diiTcrcni  kinds  of  rattlesnakes  in  this  vicinity,  a  large  timber  rattler, 
and  a  smaller  snake  found  among  rocks  along  streams.  Harold  C.  Ames,  Trinity  Center,  Calif. 

■o 

Rattk>nakcs  arc  quite  niniu  rous  in  the  rimrock  sections  of  Siskiyou  Coimty.  California,  at 
an  altitude  of  about  AJiW  (t.  1  hey  arc  locally  known  a.s  sidewinders;'  a  small  snake,  seldom 
exceeding  SO  to  36  inches,  with  a  slender  head  and  body.  They  arc  plentiful  in  the  rimrocks 
that  are  numerous  on  the  plateaus  of  this  area,  and  are  also  found  in  the  sagebrush  flats  and 
jtmipcr  slopes.  They  are  timid  sn.ikes,  trving  h.nrd  to  e<ir;ipc  when  disturbed.  They  Tattle 
a  lot  but  (lon  i  seem  to  mean  "business"  as  do  other  varieties. 

As  one  iippioaches  or  enters  the  pine-timbered  slopes  above  the  sage-juniper  plateaus,  he 
will  find  what  is  locally  known  as  the  liml>er  rattler.  1  his  snake  seems  to  range  in  the  pine 
belt  hi  twcen  1,700  .uui  ri.'iOO  ft.  The\  are  also  found  at  this  ck'\ation  in  heavy  brush  tliickets, 
with  fallen  trees  intermingled.  This  limljer  rattler  is  a  heavy  snake,  growing  up  to  tour  feel 
in  length,  and  maybe  more.  It  has  a  broad  head  and  chunky  body,  and  seems  always  on  the 
warpath.  Af.  E.  Barrow,  U.  S,  Forest  Service,  Mt.  Hebron,  Calif. 

o 

I  h:i\c  ofteti  wontltred  if  we  have  two  suhs[)eries  of  rattlesiLikc;  in  (hi'«  \i(iiiii\  oi  uhet!>er 
we  ha\e  iwu  color  phases  of  the  same  species.  I  have  thought  that  the  dilierencc  in  coloring 
between  the  snakes  of  the  higher  and  lower  elevation  could  be  due  to  their  environments 

*  Not  the  true  sMewinder  (C.  cerastes). 
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and  the  piotpdivc  (oloiiiii;  sdifinc  tliat  nature  has  cndoucd  ilicin  with.  In  anv  event,  tliere 
appears  tu  be  quite  a  dilieicnce  in  the  coloring  ut  tiic  snakes  along  tlic  ruiky  banks  and 
rims  of  the  Rogue  River  and  the  snakes  oC  the  higher  elevations  which  inhabit  the  more 
forested  area.  The  snakes  of  the  higher  elevations  are  locally  known  as  pine  or  titnbei  rat- 
tlers, and  the  snakes  of  the  lower  elevations  are  generally  called  rock  or  spotted  rattlers. 
L.  J.  Cooper,  L'.  S.  loiest  Serviif,  Galue,  Ureg. 

<- 

Although  I  have  been  told  that  there  is  only  one  type  of  rattler  in  this  region,  there  appear 
to  be  three  variations  of  the  sjiccies  in  this  district.  They  are  chiefly  described  as  follows: 
A  regular  gray-colored  dianiondback  up  to  lour  and  a  half  feel  lon<5.  slender,  ^enerallv  not 
occurring  at  over  3.000  ft.,  elevation;  a  timber  rattler,  grayish-black,  up  to  live  feel  long, 
thick  up  to  the  size  of  a  man's  forearm,  ranging  from  S,000  ft.  to  5.800  fc  elevation;  and  a 
l)rou  i)  nitllcr  having  characteristic  markings,  slender,  up  to  four  feet  long,  whidl  ranges  up 
to  5,000  ft.  elevation.  Robert  Owens,  U.  S.  Forest  Service,  Utehekm,  Wash. 

o 

There  appear  to  be  two  species  of  rattlesnakes  here;  one  a  light  yellowish  color  not  particu- 
larly large;  the  other,  much  darker  in  oiAot,  thicker  through  the  body,  and  with  a  blunter 
tail,  tapering  oiE  more  sharply.  N.  S.  Jaeobson,  Ryegate,  Mont, 

Although  there  has  been  no  corroborative  evidence  in  the  form  of  diflEerences  in 
squamation  or  characters,  other  than  those  of  pattern  and  color,  that  would  justify 

the  conclusion  that  two  species  do  exist  in  any  of  the  areas  discussed  by  these 
correspondents,  tlu  rc  is  no  question  that  tlicrc  arc  niat  kcd  variations  in  color  and 
pattern,  probably  attributable  to  altitude  and  other  ecological  difleiciues.  I  am 
ceiiiiinlv  implying  no  criticism  ol  those  wlio  ha\e  assumed  that  these  differences 
indicate  the  piescncc  oi  more  than  a  single  kind  oi  rattlesnake.  Some  of  these 
differences  are  very  marked. 

Procrm'sis 

The  fact  that  most  snakes,  rattlers  included,  arc  protectively  tolored,  th;it  is.  are 
so  patterned  and  tinted  tliat  thev  arc  with  difficidty  ilistingiiishcd  from  their  Ijack- 
grounds.  is  well  known.  As  loiii;  a^(j  as  the  second  century  n.c,  Nicandci  (transla- 
tion of  iy')3.  p.  39)  stateil  that  some  snakes  adopt  the  color  of  the  ground  on  which 
they  live.  I  have  poiiued  out  elsewhere  (p.  460)  that  the  effort  to  avoid  discovery 
by  depending  on  concealii^  coloration  is  the  first  step,  although  an  inactive  one, 
in  the  rattlesnake's  normal  defensive  program.  That  it  is  often  highly  effective 
cannot  be  doubted. 

Rattlesnakes  of  particular  si>e(  ies  live  in  too  many  difTerim;  environnu nts  to  be 
dependent  entirely  on  color  matching  for  concealment:  lot  what  might  blend  with 
the  background  in  one  plat  e  might  piosc  conspii  nous  in  another.  But  even  so, 
many  startling  examples  ol  the  likeness  of  a  snake's  color  to  its  most  usual  sur- 
roundings are  to  be  noted.  In  addition,  the  principle  of  disruptive  coloration 
(Cott,  1 940,  pp.  48,  58,  G7)  is  obviously  involved  in  the  dark  dorsal  blotches  char- 
acteristic of  most  rattlesnakes.  The  writer  (1931b,  p.  43)  pointed  out  that  active 
snakes  tend  to  be  unicolored  or  striped,  whereas  tliose  that  are  heavy-bodied  and 
slow-moving  are  usually  blotdied.  The  rattlesnakes  fall  in  the  latter  category.  Even 
the  lateral  jjattcrns  of  the  heads,  and  the  color  of  the  iris  itself,  arc  successful  in 
making  the  eye  less  conspicuous  (see  Cott,  1910,  p.  85).  One  might  suppose  that  if 
there  weic  any  \alidity  in  the  myth  of  the  rattlesnake's  power  of  fascination,  the 
pattern  would  be  such  as  to  tender  the  eye  more,  rather  than  less,  conspicuous. 
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Ihe  ilarkesi  rattlesnakes  are  usually  ioiirul  in  the  areas  of  Iieaxiest  rainfall  and 
densest  shrubbery  ccner,  whereas  the  lightest  are  found  in  the  most  ai  id  territories. 
Examples  of  the  first  group  arc  tlie  eastern  diamond  rattler  adatnanteus)  of 
Florida  and  the  Southeastern  states;  the  timber  rattler  (C.  h.  horridus)  of  the  North- 
east; the  eastern  massasauga  (5.  c.  catenatus);  and  the  black  rattler  (C.  v.  cerberus) 
of  central  Arizona.  The  little  rattlers  of  the  high  altitudes  of  Mexico,  C.  triseriatus 
and  C.  intermedius  and  tin  ii  >ubspecies,  as  well  as  C.  pusillus,  C.  tramversus,  and 
S.  rni'us.  are  notably  dark.  In  an  opposite  class  we  may  list  the  sidewinder  (C. 
(rrastrs)  of  the  desert  sands,  and  the  Great  Basin  rattler  (C.  i'.  hi(osjis)  and  midget 
faded  latt It  snake  (C-  <'•  drcolor)  of  the  arid  intermountain  section. 

Wliere  a  kind  of  rattlesnake  is  restricted  to  an  area  of  rclatixely  unifoi  ni  bac  k- 
ground  with  which  the  color  of  the  snake  matches,  there  is  a  tendency  toward  a 
reduction  in  the  size  or  contrast  of  the  spots — that  is,  a  trend  toward  concealment 
by  matching  rather  than  disruptive  coloration,  examples  of  which  are  the  Grand 
Canyon  rattler  (C.  v.  abyssus)  and  the  southwestern  speckled  rattler  (C.  m.  pyrrhus). 

I'hat  there  is  in  some  degree  a  matching  of  rattlesnake  hues  with  their  normal 
bac  k<.ii oiuids  there  can  l)e  no  doubt;  this  is  particularly  evident  if  we  survey  pat- 
tern irends  wiiliin  a  sjiecies.  For  example,  the  weslerTi  diamond  (C  ntrox)  becomes 
lighter,  mote  t lay-colored,  and  with  less  conspicuous  l)]ot(lies  .is  we  pass  westward 
from  I  exas  into  more  arid  areas  where  bare  soil  or  rock  predominates.  As  one  g<>cs 
south  from  Montana  and  the  Dakotas,  the  prairie  rattler  (C.  v.  viridis)  becomes  less 
green  and  more  yellowish  or  brown,  until,  when  the  Painted  Desert  in  Arizona  is 
reached,  it  has  become  reddish  and  matches  the  soil  there — ^it  is,  in  this  area,  con- 
sidered a  separate  subspecies,  the  Arizona  prairie  rattler  (C.  t'.  nuntius).  Westward 
toward  Flagstaff,  where  the  vegetative  cover  is  heavier,  it  again  becomes  greenish, 
with  more  conspic  uous  markings. 

'J  hroughoui  C  iaJitoi  nia,  the  I'acific  lattlers  ((,'.  t'.  ore(rnnus  and  C.  7'.  hcllcn)  are 
consideiably  daikei  in  the  mountains  than  in  the  lowlands.  There  is  a  particularly 
light  color-phase  of  oreganus  in  the  arid  west  side  of  the  San  Joaquin  Valley.  The 
Great  Basin  rattler  (C.  v.  lutosus)  tends  to  lose  the  dark  brown  in  the  centers  of  the 
dorsal  blotches  in  its  more  arid  and  barren  habitats.  The  sidewinders  (C.  c.  cerastes 
and  C.  c.  laterorept  ns)  adhere  to  the  hues  of  the  desert  sands  on  which  they  live, 
jiink  in  some  areas,  bidf  or  grav  in  others.  In  the  mountains  of  soutlum  Arizona 
there  is  a  notable  paiallelism  in  the  gray-blue  ground  color  —but  not  in  the  blotch 
palti  ins  of  tlie  two  little  lailU  is  ih.il  match  the  rocks  of  their  hal)it;its,  the  banded 
rock  rattler  (C  /.  klauben)  and  the  Aii/ona  twin-spotted  rattler  (C.  p.  pricei). 

On  £1  Muerto  Island,  Charles  H.  Lowe,  Jr.,  found  the  little  speckled  rattlers 
(C.  m.  muertensis)  difficult  to  see,  although  the  rocks  among  which  they  were  found 
were  multicolored.  Fitch  (1949a,  p.  518)  has  pointed  out  how  hard  it  is  to  [discover 
rattlers  (C.  v.  oreganus)  on  the  San  Joaquin  Experimental  I'mgc.  so  perfect  is 
iheir  concealing  coloration.  Lewis  (1949,  p.  183)  has  mentioned  finding  two  un- 
usually tlark  bhu  ktails  (C.  m.  ntoIosMis)  amid  black  la\a.  Smart  (1951,  p.  4.')')  made 
color  analyses  and  lounti  a  high  degree  of  corn  lation  l;etwcen  the  colors  of  C.  v. 
lutosus  at  a  den  near  Salt  Lake  City  and  the  soil  and  vegetation  roundabout. 

But  with  all  this  obvious  matching  there  are  some  colors  that  are  difficult  to 
explain.  The  red  diamond  (C.  r.  ruber)  of  southern  California  is  such  an  example. 
For,  although  it  matches  some  of  the  soils  and  rocks  on  which  it  lives — especially  on 
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the  desert  side  of  the  mountains,  where,  incidentally,  it  is  lighter  in  color,  whh 
tnaiiy  ^\llitc  scales  on  the  sides — ^it  is  highly  conspicuous  amid  the  i^ianitc  boulders 
and  the  green  cacti  that  it  seems  to  preler  in  the  (oastal  loothills.  But  this  is  a 
notal)le  excejMiDn.  for,  by  and  large,  rattlesnakes,  through  a  conibinaiicju  of 
blending,  and  ui  disruptive  colors  and  patterns,  arc  usually  difTicult  to  detect  when 
motionless. 

Color  may  be  important,  not  only  as  an  aid  to  procrypsis,  but  also  in  its  effect 
on  radiation  reflectivity.  That  is,  desert  species  may  be  light  colored,  not  only  to 

match  their  barren  backgrounds,  but  also  to  reduce  heat  absorption.  Elsewhere 
(Klauber,  19.S9a,  p.  78)  I  have  stated  the  conclusion  that  under  conditions  where 
protective  coloration  and  protective  reflectivity  work  to  the  same  end,  their  effects 
on  color  aie  cunniiative  and  important.  Where  they  are  at  cross-purjioses.  jMotec- 
tive  coloration  is  usually  coiUrolling.  An  example  of  a  situation  of  tlie  latter 
character  is  that  of  a  black  lava  desert.  Here,  for  procrypsis,  the  reptiles  should  be 
dark,  but  to  reduce  radiation  absorption  they  should  be  light  colored.  Under  these 
conflicting  objectives,  the  indigenous  reptiles,  particularly  those  that  are  largely 
diurnal,  are  generally  dark.  It  is  to  be  remembered  that  the  color  of  a  creature  is 
only  an  indication  of  relative  reflectivity  in  the  visual  band  of  the  spectrum;  the 
average  reflectivity  over  the  entire  range  of  wave  lengths  of  the  incipient  radiation 
may  not  differ  so  greatly  as  would  be  suggested  by  the  visual  colors  alone.  .\  recent 
discussir»n  of  some  o£  these  radiation  problems  is  that  of  Kelly,  Bond,  and  Heitman 
(1951,  p.  563). 

Physiological  Color  Changes 

Snakes,  rattlesnakes  among  others,  have  some  power  of  color  change,  although  only 
to  a  small  degree  compared  with  that  possessed  by  many  lizards.  I  have  reported 
this  (1930a,  p.  131;  1931b,  p.  46;  1939a,  pp.  76,  77)  in  sidewinders  (C.  cerastes), 

southern  Pacific  rattlers  (C.  v.  helleri),  and  Arizona  black  rattlers  (C.  t*.  rerberus). 
The  clianye  invf)lves  a  lightening  of  some  areas  with  increased  temperatincs,  par- 
ticularly the  dorsal  areas  between  blotches.  .Subsequently  Rahn  (1912,  p.  178) 
verified  the  effect  of  temperatinc  on  the  prairie  rattk  snake  (C.  i'.  x'iridis);  he 
showed  that  higher  tcm{>eratures  caused  a  lightening  of  the  color  by  contracting 
the  melanophores.  At  lower  temperatures  the  pigment  disperses,  thus  making  the 
dark  color  on  the  surface  more  apparent.  Rahn  had  previously  shown  (1941,  p.  228) 
that  the  removal  of  the  pituitary  causes  a  permanent  paling  of  viridis  through  con- 
centration  of  the  melanophore  pigment.  The  paling  is  more  evident  after  the 
shetlding  of  the  old  keratinized  epidermal  layer.  Rahn's  results  have  been  dis- 
cussed by  G.  II.  Parker  (1918,  p.  210). 

Hut  these  slight  color  changes  induced  by  leniperaiui e.  which  can  be  detected 
only  by  the  most  carcfid  comparisons  with  cf)ntroIs  not  sui)j<.'ctcd  to  the  same 

temperature  differences,  are  not  to  be  taken  as  verifying  the  remarkable  differences 
in  color  and  pattern  attributed  to  anger  and  other  stimuli,  as  ascribed  to  rattlers 
by  some  of  the  early  travelers  (see  also  p.  475).  Carver  (1778.  p.  480)  stated  that  the 
snake's  colors  flashed  more  be.intirully  when  the  creature  was  animated  by  icsent- 
ment.  Weld  (1800,  p.  409:  also  W'ai  burton,  18  19,  p.  175.  and  Browning.  1860,  p.  ;{78) 
reported  that  the  skin  took  on  a  difleicnt  tnlor  when  the  snake  was  wounded  or 
enraged,  liinglcy  (1803,  vol.  5,  p.  74)  wrote  that  a  rattler  lost  its  beautiful  pattern 
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alter  biting  ilsfli.  Meek  j).  10.")),  a  niodci  n  puiAcyoi  ol  niyllis,  said  a  man 

waLcliiiig  a  dianionilback  saw  ii  change  color  until  il  had  cxhauslcd  ihc  rainbow.  1 
have  subjected  a  large  number  of  rattlers  to  a  variety  of  tests  that  might  have  been 
expected  to  induce  great  color  changes,  if  an)  uf  these  stories  of  the  effects  of  rage 
and  other  stimuli  were  true.  No  such  changes  were  observed,  even  following  de- 
capitation. These  supposed  extensive  color  changes  are  mythical,  the  results  of 
cainpfire  tales,  or  observations  by  travelers  too  excited  by  the  presence  of  a  rattler 
to  be  accurate  judges  of  hue  and  tone. 

Ontogenetic  Changes 

In  most  subspecies  ol  rattlesnakes,  the  young  arc  more  clearly  and  brightly  pat- 
terned than  the  adults,  with  the  light  and  dark  marks  more  sharply  contrasted  in 
the  juveniles.  This  is  true,  for  example,  of  the  black-tailed  rattler  (C.  molossus), 
the  Mojave  (C.  s.  scutulatus)^  and  the  various  subspecies  of  the  western  rattlesnake 

(C.  viridis).  Some  subspecies  almost  entirely  lose  their  marks  with  age:  among 
these  is  the  (irand  Canyon  rattler  (C.  7'.  (ibxssu.s),  wliid;  has  conspicuous  blotdies 
when  vonjig  but  bcromcs  an  almost  nnilorm  oratigc  color  witli  age.  Another  species 
that  tcnils  to  lose  its  niaiks  with  age  is  the  Aiuba  Island  latlkr  (C".  uitKohn  ).  Rat- 
tlers having  nielanistic  phases  may  be  blotched  when  young,  yet  almost  solid  black 
when  adults.  This  is  to  be  observed,  in  some  areas,  in  the  timber  rattler  (C.  h.  hor- 
ridus)  and  the  eastern  massasauga  (5.  c.  catenatus).  The  secondary  blotches  inter- 
spersed between  the  primary  series  in  klauberi  become  relatively  less  conspicuous 
with  age. 

The  ontogenetic  loss  of  body  blotches  is  often  duplicated  by  the  obliteration  of 
chara( teristif  head  marks  as  well.  This  is  the  case  in  the  southern  P.uifK  rattler 
(C.  <'.  lirUcri).  whidi  has  mai  ks  f)n  the  top  ol  the  head  that  <  onij)leli  I\  dis.appear 
with  age.  In  llie  lujrtljein  I'acilic  rattler  (C.  v.  oyf^ttmis)  ibis  loss  is  paiiicuiarly 
evident  on  the  sides  ol  the  head,  where  both  pattern  and  color,  below  the  pit  and 
at  the  angle  of  the  mouth,  disappear,  leaving  a  characteristic  white-faced  api>ear- 
ance.  This  is  especially  to  be  noted  in  specimens  from  the  Coast  Range  in  north- 
western California. 

Changes  in  tail  patterns  also  occiu',  but  less  conspicuously  than  in  the  case  of 
the  head  maiks.  .Se\t  ial  kinds  ol  tattlers  are  born  with  blight  vellow  tails,  among 
them  the  j)igiii\  rattler  {S.  nnliaiius),  the  banded  lotk  rattler  {C.  I.  kUiuhcri).  and 
the  southern  l'a(  ifu  rattler  (C.  i'.  hcllcri).  In  kUiubt'vi  the  tails  beiome  salmon-red 
with  age;  the  others  become  gray,  and  sometimes,  in  helleri,  black.  I  he  possible 
utility  of  the  bright-yellow  tails  of  the  juveniles  in  attracting  prey  has  been  dis- 
cussed elsewhere  (p.  662).  Usually  pattern  changes  in  the  tails  of  rattlers  involve  a 
loss  of  definition  in  the  tail  rings. 

Coinc  ident  with  pattern  dianges.  there  are  often  color  changes,  as  well.  >rany 
kinds  ol  rattleis.  piobablv  most  <>l  them,  tend  to  darken  with  age.  .\n  example  of 
this  kind  ol  (  hange  is  to  be  found  in  the  soutlicrn  Pacific  rattlei  iT  t'.  heller/), 
whic  h  becomes  (onsideral)l\  darkei  as  it  grows;  especialh  is  this  true  c:»f  mountain 
specnueus.  1  he  .\ruba  Island  rattler  (C.  utiicolor),  on  the  other  hand,  becomes 
lighter  with  age,  as  does  the  red  diamond  (C.  r.  ruber).  Unborn  young  of  the  latter 
subspecies  are  almost  bladt;  at  birth  they  are  dark  red-brown,  subsequently  chang- 
ing to  red-brown  or  even  brick-red.  Sometimes  there  b  a  change  of  hue;  the  Mexi- 
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can  west-coast  raitlcr  (C.  b.  basiliscus)  is  reddish  when  voun<;  l)ut  l)e(onies greenish 
or  ()li\c-t,n  cen  when  aduh.  In  general,  ii  woidd  apjn  ar  ih;ii  [)i oc  i  \  jjsis  by  disrup- 
tive coloration  is  parainouiH  in  the  youni;,  and  by  ni;it(  lnnij,  in  aduhs. 

As  might  be  expected,  the  skin-sheddinL;  process  residts  in  a  brightening  ol  the 
color  and  pattern.  Although  a  skin  ready  for  shedding  has  little  color,  through 
surface  wear  and  the  accretion  of  foreign  matter  it  loses  some  of  its  transparency, 
and  the  keratin  of  which  it  is  composed  has  a  natural  straw  color.  Thus,  upon  its 
removal,  the  snake's  pattern  shows  with  renewed  brilliancy. 

Sexual  Dimoki-hism 

Sexual  dimorphism  in  pattern  and  (oh)r  is  not  important  among  the  rattlesnakes. 
It  is  most  evident  in  the  tiinl)ei  and  (anebiakc-  rattlers  (C.  h.  Itorridus  and  C.  h. 
(itri( (ludatus).  In  these  sulis])C(i<  s  \ellowish  specimens  are  nearlv  always  females, 
whereas  the  black  specimens  are  gcneially  males,  as  discussed  clsewlierc  (p.  (HiS). 
Various  other  sexual  pattern-differences  have  been  ascribed  to  the  rattlesnakes, 
especially  to  horridus  and  its  subspecies.  It  has  often  been  said  that  certain  marks 
on  the  head  distinguish  the  males  from  the  females,  but  this  has  been  found  to  be 
without  basis.  It  has  been  believed  that  the  males  of  the  eastern  diamondback 
(C.  adamantcus)  have  diamond-shaped  blotches  and  the  females  heart-sliaped  ones 
(Adair  and  Ewbank,  1922,  p.  356).  No  such  difference  can  be  verified.  As  to  num- 
bers of  blotches,  there  are  no  significant  difTeieiucs  between  the  sexes  with  respect 
to  tlie  bodv  blotches;  but  because  of  tlie  greater  length  of  the  tails  of  the  males 
compared  with  the  females,  the  former  have  a  correspondingly  greater  numljer  of 
tail  rings. 

Effect  of  Ultraviolet  Light 

Atkins  (1948,  p.  511)  has  reported  that  rattlers  and  copperheads  fluoresce  to  a 
bright  green  under  ultraviolet  light.  On  the  chance  that  such  fluorescence  might 
bring  out  pattern  differences  not  evident  undei  normal  l^hting,  I  tested  a  lumiber 
of  rattlesnake  subspecies,  including  ruber,  lirllcri,  lutosus,  cerastes,  and  latero- 
repetis.  No  fluorescence  coidd  be  detec  ted,  that  is,  no  illinnination  not  attributable 
to  the  small  amount  of  light  in  the  \  isible  range  that  such  lam|js  emit.  'I  htis  1  was 
unalde  to  \eiily  Atkins'  statement,  as  far  as  rattlcis  weie  concerned.  Rattlesnake 
rattles  do  ha\e  a  slight  fluorescence,  usually  yellowish.  The  fangs  fluoresce  brightly, 
with  a  light-green  color.  The  upper  parts  of  the  fangs  are  more  fluorescent  than 
the  points;  also,  the  fangs  are  more  fluorescent  than  the  other  bones  of  the  skull. 
Dried  venom  does  not  fluoresce. 


FREAKS  AND  ABERRANTS 

\'arions  kinds  of  freakish  or  abenant  rattlesnakes  are  occasionallv  seen.  Some  arc 
abiioinial  in  foim;  of  these,  two-headed  snakes  arc  the  most  intciesting  to  the 
pul)lic.  Others  ha\e  \  arious  ckfccts.  many  of  which  are  such  as  to  prove  lethal  at 
birth  or  shortly  thereafter,  fiybrid  rattlers  also  occur,  more  often  in  captivity 
than  in  nature.  Abnormalities  are  commoner  in  pattern  and  color  than  in  form. 


Copyrighted  material 


226  Morphology 

In  color  tlicv  range  all  the  Iroin  albinism  to  melanism.  The  nif)st  notable 
pattern  aberrancy  is  the  substitution  of  longitudinal  stripes  lor  the  blotches  or 
crossbars  that  characterize  most  rattlers. 

Two-Ueaded  Snakes 

Two-headed  snakes  are  freaks  or  monsters  that  occur  as  a  very  small  percentage 
of  normal  births,  just  as  tliey  do  among  most  other  kinds  of  animals.  As  they  are 
usually  (U'fcctiyc  anatomically,  they  rarely  sur\'ive  beyond  a  few  days  after  birth. 
Alt!ionj;ii  two  headed  snakes  ha\e  long  been  known — thcv  were  even  discussed  Ijv 
Aristf)tle  (Peck,  1018,  p.  12.?) — the  early  accounts  were  elaborated  into,  or  con- 
fused with,  various  mythical  creatuies  described  in  the  early  natural  histories, 
such  as  the  seven-headed  hydra  (Gcsner,  1587,  fol.  63';  Topsell,  IG08,  p.  201;  Aldro- 
vandus,  1640.  pp.  387-88,  Jonstonus,  1657,  plate  10).  What  may  be  the  earliest 
illustration  of  a  real  multiple-headed  snake  (a  three-headed  exaggeration  of  a  two- 
headed  one)  is  that  of  Von  Caub  (1517,  De  Animalibus,  chapter  60 — the  pages  are 
unnumbered).  The  creature  illustrated  by  Aldrovandus  (1640,  p.  60;  Jonstonus, 
16.57,  plate  I)  is  ceilainly  a  real  two  headed  snake  rather  than  a  mythical  creature. 

In  some  instances,  biceplialous  snakes  liave  been  considered  bv  the  early  natural- 
ists to  be  distinct  species,  that  is.  a  jjarticular  kind  of  snake  of  which  all  indi\  iduals 
were  presumed  to  be  two-headed.  But  there  were  dissenters  from  this  \iew  from 
the  earliest  times;  Aristotle  himself  recognized  that  they  were  only  rare,  freakish 
representatives  of  common  species,  and  the  theory  that  there  are  races  of  two- 
headed  snakes  long  ago  lost  its  adherents. 

Another  confusion,  however,  that  persists  to  ihe  present  date,  results  from  the 
application  of  the  unfortimate  term  "two-headed  "  to  various  narrow-headed, 
blunt-tailed  snakes,  owing  to  a  fancied  sinn'larity  of  their  heads  and  tails.  For 
example,  the  link  lj<ias  loiuui  in  the  westrni  I'nited  .Stales — the  Calilornia  boa 
{Lichaniira  roseofusca)  and  the  rubber  snake  (Charina  bottae) — are  sometimes 
called  two-headed  snakes,  because  at  a  distance  one  might  take  the  tail  to  be  the 
head.  Needless  to  say  there  are  no  snakes  with  a  head  at  each  end.  One  spectator  at 
the  San  Diego  Zoo  was  heard  to  decry  the  attention  given  a  live  two-headed  king 
snake;  he  thought  it  unworthy  of  notice  siiuc  both  heads  weie  at  the  same  end. 

Some  recent  ind:)lications  on  two-headed  snakes  are  those  of  Roswell  II.  Johnson 
(1902,  p.  523),  Cunningham  (1937).  Nakamura  (1938.  p.  171),  and  llamhinoer 
(1917,  p.  ()()()).  Johnson  presented  a  comj)kle  list  of  the  spec  imens  known  up  to 
1902.  Cunningham,  in  a  book  devoted  entirely  to  two-headed  snakes,  made  an 
extensive  survey  of  the  literature,  redescribing  and  picturing  every  specimen  of 
which  he  could  find  a  record.  Nakamura's  contribution  pi  o|)osed  an  elaborate 
system  of  classification,  based  on  the  degrees  of  separation  of  the  two  heads  and 
necks.  Hamburger  discusses  the  formation  of  these  monsters,  with  the  conclusion 
that  they  represent  incomplete  identical,  rather  than  fraternal,  twins  07 1).  He 
also  mentions  experiments  on  their  artifuial  formation  (p.  675),  which  indicate 
that  two-headednc  ss  may  result  from  a  mechanical  restriction  or  pressure  on  the 
egg  diu  ing  de\  elopnu  ni. 

I  have  few  numerical  data  as  to  the  frecjuency  with  which  two-headed  snakes 
occur,  but  the  percentage  must  be  quite  small.  W.  A.  King,  of  Texas,  one  of  the 
largest  commercial  snake  dealers  in  the  country,  informed  me  that  no  two-headed 
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rattlesnakes  had  been  brought  in  by  his  fiokl  collectors.  E.  Ross  Allen,  of  Silver 
Springs,  Florida,  secured  one  specimen  among  about  50,000  normal  rattlesnakes 
that  he  bouL'jit  or  collected.  Durin<^  llic  past  MO  years  sonic  20.000  snakes,  ol  more 
than  30  subspecies,  have  been  recorded  in  a  species  census  ot  snakes  Irani  San 
Diego  County,  California,  and  there  was  a  single  two-headed  individual  (a  king 
snake)  among  them.  But  such  statistics  are  hardly  to  be  taken  as  a  conclusive  indi- 
cation of  the  frequency  with  which  bicephalous  individuals  occur,  because  these 
freaks  seldom  survive  their  births  for  very  long,  and  such  live  ones  as  are  found 
are  disc  rtvered  through  the  luck\  chance  of  coming  upon  them  immediately  after 
birth.  A  major  proportion  of  the  known  specimens  belong  to  species  that  give 
birth  to  their  yoiuig  alive  (o\ o\  i\  iparous).  and  wcie  taken  frojii  tlie  mothers  as 
imborn  embryos.  Ol  the  oviparous  (egg-laying)  sjjcties,  most  ot  the  known  two- 
headed  specimens  were  found  alive,  since  snake  egg  dutciies  are  seldom  discovered 
just  before  they  hatch.  The  data  are  too  meager  to  determine  whether  two-headed 
snakes  occur  more  often  in  oviparous  than  in  ovoviviparous  species. 

I  have  not  been  so  fortunate  as  to  have  seen  a  live  two-headed  rattlesnake;  the 
only  two  living  freaks  of  this  kind  to  which  I  have  had  access  were  a  small  garter 
snake  from  Oregon,  and  a  king  snake  from  San  Diego  County.  Each  had  two  well- 
developed  lieads.  The  garter  snake  was  said  to  drink  with  either  head,  but  would 
feed  through  only  one — at  least,  so  its  owner  reported.  I  watched  it  crawl  and 
observed  that  the  heads  apparcntlv  struggled  for  control  of  the  body,  with  the 
result  that  there  was  little  or  no  purposeful  movement,  until  one  head  became  tired 
and  hung  r  ather  limply,  whereupon  the  other  would  take  control  and  the  snake 
would  crawl  quite  normally,  with  the  guiding  head  directly  before  the  body,  and 
the  other  trailing  dispiritedly  at  the  side.  The  king  snake,  which  is  still  thriving 
as  this  is  written,  eats  and  drinks  with  both  heads,  although  one  is  slightly  less 
spirited  than  the  other.  Unless  restrained,  both  heads  will  seize  and  endeavor  to 
eat  the  same  mouse.  Tlie  snake  has  been  in  captivitv  foi  two  years  and  has  made 
a  considerahli:  gain  in  si/c.  It  was  evidently  not  long  our  oi  ilic  ei^i;  when  taught. 

1  now  present,  in  chronological  order,  a  summaiy  of  such  published  accounts 
describing  two-headed  rattlesnakes  as  I  have  come  upon  in  the  course  of  this  study. 
Rattlers  are  ovoviviparous,  and  a  number  of  those  reported  were  embryos  removed 
from  the  mother.  I  have  no  absolutely  trustworthy  record  of  any  specimen  that 
was  more  than  a  few  weeks  old  at  most.  I  do  not  know  of  any  two-headed  rattler 
with  the  degree  of  separation  between  the  heads,  and  their  p(  rfect  formation,  that 
characterized  a  milk  snake  {Lampropcltis  doliata)  ^shicli  li\ed  for  several  months 
at  the  New  York  Zoo  (Hyde,  192.5,  photograph,  p.  IHG).  Many  of  tlic  two-lieaded 
rattlers  described  had  heads  so  distorted  that  even  a  lixc  bii  ih  must  l)e  considered 
doubtful,  although  several  days,  or  even  weeks,  of  life  undoubtedly  occurred  in 
some  of  the  cases  listed  hereunder.  It  should  be  understood  that  in  most  two-headed 
snakes  of  whatever  species,  the  heads  are  not  completely  separated,  on  separate 
necks,  but  rather  are  fused  together  along  the  side,  often  between  the  eye  and  the 
angle  of  the  jaw.  The  bicephalous  snake  with  two  distinct  and  perfectly  formed 
heads  is  a  rarity  among  rarities. 

Baird  (1856.  p.  60)  mentions  the  actjuisition  of  a  double  headed  lattkr  seemed 
by  Lieut.  T.  E.  Patterson  at  Camp  Yuma,  California,  and  presented  to  the  Smith- 
sonian Institution.  No  further  information  on  the  specimen  is  available.  Since  it 
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was  noL  listed  l)\  H  arrow  (ISS.'U)),  in  his  calal<),u,iic  ol  the  hci  pclolo^ical  iiiaLcrial 
in  tlic  nuiscuiu,  il  is  picsunicd  to  hu\c  disappeared  iiuui  ihe  collecuon  beiorc  that 
date. 

Michler  (1857,  p.  121)  tells  of  the  removal,  from  a  mother  snake,  of  a  set  of  em- 
bryos, one  of  which  was  bicephalic.  Michler's  statement  is  contained  in  the  report 

of  I  he  Mexican  Rounclai  y  Survey  (Emory).  Tlie  parent  rattier  was  tollcctcd  by 
Dr.  Robert  J.  Alibott  in  tin-  Sierra  del  Pozo  Verde,  southern  Arizona.  The  two 
heads  were  said  to  be  jjci  tect.  I  he  species  was  not  tlcsit;natcd.  1  here  is  a  strong 
probaliilitv  tlial  tlie  sj)c(  iniens  nienlioned  by  Haird  and  Mic  Ider  were  one  and  the 
sanie.  Both  Lieut.  I'atteison's  and  .\l)l)ott"s  sjKciniens  were  forwarded  to  the 
Smithsonian  trom  Camp  (or  I'ort)  Yuma,  and  both  men  were  connected  with  the 
Mexican  Boundary  Survey. 

Anon.  (1877,  p.  105)  calls  attention  to  an  article  in  the  Mount  Sterling,  Penn- 
sylvania, Democrat  which  mentioned  the  killing  of  a  large  rattler  that  had  two 
well-developed  heads  on  necks  about  four  inclies  long.  Were  it  possible  to  verify 
this  rc|Jort^ — an  adult  rattler  wiili  heads  so  well  separated — this  wotdd  constitute 
the  most  mature  and  perfect  sjx'(imen  of  a  two-headed  rattler  ever  reported.  In 
view  of  the  liecjuenc)  of  newspaper  exaggerations  and  hoaxes,  the  story  nmst  be 
considered  doidjtful. 

Levering  ( 1 878,  p.  1 94)  records  a  juvenile  twin-headed  rattler  plowed  up  by  Capt. 
Charles  McNeal  at  Greenwood,  Jackson  County,  Missouri.  It  was  a  foot  long.  Allen 
Kelly  (K.,  A.,  1909b,  p.  691)  shows  an  excellent  photograph  of  a  young  two-headed 
rattler,  killed  near  Vmna.  Arizona.  The  two  heads  were  joined  at  about  the  angle 
of  the  jaw.  I  judge  from  the  picture  that  the  snake  was  a  Mojave  rattler  (C.  s. 

SCtituhitus). 

Raunond  1..  Ditmars  st  ems  to  ha\e  had  thiee  bi(ephah)us  rattkrs  at  tlie  Bronx 
Zoo  at  cbllerent  limes.  While  not  desciibcd  ni  his  own  publicaiious,  iliey  are  men- 
tioned by  Hyde  (1925,  p.  187)  and  Cunningham  (1937,  pp.  SO,  31.)  One  had  one 
head  that  had  functional  eyes  and  tongue,  but  the  other  head  had  a  sealed  mouth. 
The  second  snake  had  active  tongues  and  well-formed  eyes  in  each  head.  The  third 
was  bifurcated  at  the  eye  level,  forming  a  broad  head  with  only  two  eyes. 

Amaral  (H>2r)b.  p.  101)  shows  a  photograph  of  a  young  bicephalous  South  Amer- 
ican rattler  (C.  d.  tfrriftnis)  collected  at  \ia(atul)a,  stale  of  Sao  Paulo.  Brazil.  The 
snake  h;id  the  two  heacN  joined  at  abf)ut  the  last  su jjralabials.  some  2.5  mm.  bark, 
(jf  the  snout.  1  lie  total  length  of  the  specimen  was  281  mm.  1  lie  rattle  is  appar- 
ently in  the  button  stage,  rather  than  the  prebutton  stage,  so  the  snake  may  have 
lived  10  days  or  so  after  birth,  long  enough  to  shed  its  skin  once. 

The  newspapers  of  mid-January,  1926,  contained  a  widely  syndicated  article 
concerning  a  two-headed  rattle  snake  collected  by  C.  H.  Bridge  between  Prather 
and  Aubcrry,  Fresno  County.  California.  An  excellent  photogra])!!  of  ibis  snake 
appeared  in  the  Fresno  Moniiiiir  Rcpuhlican  of  Janiiarv  12,  l*.)2f)  (p.  7,  cols.  f>-7). 
Il  shows  the  snake  to  be  in  the  j)iebinion  static  and  therefore  not  o\cr  10  days  old, 
if  it  li\ed  that  long.  Some  of  the  accounts  in  the  |jress  referied  to  it  as  beint"  frcmi 
three  months  to  a  year  old.  As  a  matter  of  fact,  the  catalogue  enti  y  at  Fresno  State 
College,  where  the  specimen  is  now,  refers  to  it  as  having  been  removed  from  the 
mother  when  she  was  killed,  although  this  was  not  mentioned  in  the  original  news- 
paper accounts.  I  have  examined  this  specimen  and  found  an  interesting  divergence 
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in  the  head  stales  of  the  two  heads.  The  supralabials  were  14-15,  15-15;  and  the 
iiifralahials  15-15.  The  cantlKils  were  2-2.  2-3;  and  the  scales  between  the 

supraoculars  5  I  5,  .3  f-  5.  Tn  each  instance  1  ha\e  gi\en  the  counts  on  the  right- 
hand  head  fust,  and,  where  there  are  two  counts  jn  r  head,  the  right  side  of  the  head 
first.  The  specimen  is  227  mm.  over-all — small  ior  a  northern  Pacific  rattlesnake 
(C.  v.^  orcganus)  at  birth.  The  heads  are  fused  just  behind  the  angles  of  the  mouths 
and  are  more  in  opposition  than  is  usually  the  case,  the  angle  between  them  being 
about  160  degrees.  This  snake  is  a  female. 

Mrs.  Grace  Olive  ^Vilcy  (1930,  p.  101)  reported  finding  a  two-headed  male  em- 
bryo among  a  brood  ol  17  removed  from  a  Mexican  west-coast  rattler  (C.  basilis- 
cus)  tluu  dietl  in  capii\  itv.  I'he  heads  wei  e  joinctl  near  the  eyes.  There  were  four 
eyes,  but  the  innei  ones  weit:  in  contaci.  Behind  the  eyes  the  mouth  was  single. 
There  was  one  iiachea  wiili  two  tongues,  side-by-side.  1  he  pits,  nostrils,  and  fangs 
were  normal. 

On  December  1, 1933,  or  1934,  certain  newspapers  carried  a  report  from  Idabel, 
Oklahoma,  concerning  a  bicephalous  rattler  collected  by  Troy  Proctor,  four  miles 

west  of  Broken  Bow,  McCurtain  County,  Oklahoma.  It  was  stated  to  have  had  two 
distinct  heads,  with  two  tongues,  and  four  eyes.  The  heads  coidd  be  used  separately 
or  together.  The  snake  was  reputed  to  be  half-grown,  which,  of  course,  lacks  con- 
firmation. 

Cunningham  (1937,  p.  00)  reports  having  received  the  anterior  section  of  a  two- 
headed  rattler  from  Clarence  Nading  of  tlkport,  Iowa.  Fusion  was  at  the  base  of 
the  head.  The  species  of  the  snake  is  not  given.  H.  £.  Miller  (1938.  p.  17)  makes 
this  statement  without  further  elaboration:  "We  have  a  record  of  at  least  one  two- 
headed  rattler  that  seized  food  with  both  heads,  there  sometimes  being  a  disagree- 
ment between  the  two  heads  of  the  one  serpent." 

\'an/olini  (1947,  p.  273)  describes  very  fully  a  two-headed  South  American 
rattler  (C.  d.  tmificus)  from  the  state  of  Matto  Grosso,  Bra^il.  It  is  a  small  snake 
in  the  j)iel)utton  stage  and  only  150  nun.  long — much  shorter  than  a  full-term 
juvenile  oi  this  subspecies.  It  may,  therefore,  ha\e  been  removed  from  the  mother 
before  birth,  although  not  very  long  before,  as  the  pattern  is  well  developed.  The 
heads  are  better  separated— one  has  a  complete  neck — than  in  any  other  bicepha- 
lous rattler  of  whidi  I  have  seen  phott^raphs;  but  behind  the  first  point  of  fusion, 
there  is  a  considerable  protuberance  with  distortion  and  twisting  of  the  body 
halves,  as  if  the  entire  structure  were  abnormal.  \'anzoIini  found  scale  differences 
between  the  heads,  similar  to  those  in  the  Fresno  County  specimen,  from  which 
he  draws  the  conclusion  that  this  is  a  case  of  the  merging  of  fraternal,  rather  than 
of  identical,  twins. 

I'he  finding  of  a  two-headed  timber  rattlesnake  (C.  h.  horridus)  near  Logan, 
West  Virghiia,  was  reported  in  1947  ([Rimkus],  p.  23).  This  snake  was  said  to  have 
been  captured  alive.  Through  the  courtesy  of  Joseph  Rimkus  of  the  Logan  Banner, 
I  am  able  to  present  a  photograph  of  this  snake  (fig.  4:2).  The  heads  are  seen  to  be 
well  formed,  with  the  point  of  fusion  posterior  to  the  angle  of  the  mouth.  The 
snake  was  stated  to  ha\e  had  the  use  of  both  tongues.  Neither  the  scales  nor  the 
patterns  of  the  two  heads  match  exactly. 

Mrs.  Madge  V.  Ratclilfc,  a  connnercial  dealer  of  Medicine  Hat,  Alberta,  Canada, 
informed  me  in  1949  of  a  two-headed  prairie  rattlesnake  (C.  v.  viridis),  one  of  a 
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l)rood  born  in  her  cages.  Tliis  freak,  was  most  unusual  in  tliat  ilie  heads  and  necks 
were  separated  for  about  three  inclies;  then  followed  a  single  trunk  about  four 
inches  long,  with  the  tail  sections  again  separated  for  some  three  inches.  She  said 
the  little  snake  was  incapable  of  coiling  or  locomotion,  but  the  heads  moved  freely 
and  independently.  This  is  the  only  bicephalous  rattler  of  which  I  have  heard, 
with  separate  heads,  necks,  and  tails — classed  by  Nakamura  (1938,  p.  172)  as  "tera- 


Fig.  4:2.  l  uo-Iieadcd  limlicr  radlc-snake  (C.  h.  Iiorridits).  fPicscr\ctl  specimen  Iroin  Lu<j>an, 
West  Virginia.  Phoiogiaplietl  througii  liie  toiiriesv  of  Joseph  Riinkiis.) 


topagus,  anakatamesodidynius" — although  the  literature  contains  mention  of  a 
ninnber  of  snakes  of  other  kinds  having  this  type  of  division. 

In  November,  1953,  Ross  .Mien,  owner  of  the  Reptile  Institute,  Silver  Springs, 
Florida,  received  a  two-headed  eastern  diamondback  (C.  adamoJiteus)  that  had 
been  collected  by  J.  C.  Sharp,  near  his  home  at  Odessa,  Florida.  1  his  snake  lived 
long  enough  to  shed  the  prcbutton.  The  heads  were  joined  at  the  eye,  and  one  was 
(juitc  injjK-rfcct. 

It  should  be  staled,  with  regard  to  iliese  two-headed  freaks,  iliat  the  jjopular 
interest  in  them  exceeds  the  scientific.  When  people  find  such  a  creature,  they  arc 
likely  to  have  quite  fantastic  ideas  concerning  its  value.  If  such  a  snake  could  be 
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kept  nlivc  for  awhile,  it  nii'^ht  he  \\or\h  somctliiiif^  to  a  roadside  snake  show,  but 
to  any  sdcniific  institution  it  would  have  only  a  passing  interest  and  a  purely 
nominal  vahie. 

Expcriniciits  wiiii  ai  iiiitiai  twinning  in  aniplubians  lead  to  the  conclusion  that 
identical  and  not  fraternal  twinning  is  involved  in  bicephalous  snakes,  notwith- 
standing the  scale  differences  that  have  been  observed  in  the  two  heads  of  a  pair. 

Dl  FF.CTIV  E  VOL'NC 

1  have  elsewhere  commented  on  the  frequency  with  which  dcfccti\c  younq;  occur 
in  broods  of  ratilesnakes  hoi  n  in  captivity  (193fib,  p.  19;  191'),  pj).  81,  89,  91;  also 
p.  730  in  this  work).  I  do  not  know  whether  tlu  v  o(cur  nioic  often  in  the  (a^e  of 
captive  mothers  than  in  the  wild.  Some  are  so  delormed  that  they  obviously  would 
not  survive,  as,  for  example,  snakes  without  eyes,  with  malformed  heads,  or  twisted 
bodies.  Adhesions  between  two  parts  of  the  ventral  surfaces  are  sometimes  noted. 
Occasionally  these  defects  run  in  families.  In  two  successive  broods  from  the  same 
red  diamond  rattlesnake  (C.  r.  ruber)  parents,  nine  eggs  in  each  brood  failed  to 
mature.  The  first  brood  also  contained  three  bom  before  full  term,  one  apparently 
normal  but  born  dead,  one  with  a  defective  eye,  and  two  normal.  The  second 
brood  induded  one  boin  dead,  one  without  a  left  eve,  one  with  an  exceedingly 
small  and  obviouslv  inadcciuate  head,  and  cii^hl  normal  or  apparcnlh  so. 

Yet  the  abcrranties  observed  in  broods  are  not  always  k-thal.  In  another  brood 
of  the  same  species,  8  young  out  of  1 1  had  the  liist  infralabial  scales  fused  to  the 
mental,  a  characteristic  not  present  in  the  mother,  and  of  exceedingly  rare  occur- 
rence in  this  or  any  other  species  of  rattlesnake.  Occasional  deviations  of  scales 
from  the  normal,  either  in  arrangement  or  number,  have  been  observed  in  adult 
specimens  cajjtured  in  the  wild.  For  example,  I  have  seen  a  specimen  of  the  north- 
em  Pacific  rattlei  (C.  t'.  nreganus)  with  33  scale  rows,  although  the  average  in  this 
subspecies  is  2').  !,  antl  specimens  with  as  manv  as  29  comprise  less  than  one  per 
tent  of  the  pojjulation.  We  ha\c  had  at  the  San  l)it  s^o  Zoo  a  strain  of  pinv  snakes 
[Pitiiopliis  in.  ujclanoleiu  us)  that  has  produced  an  exceedingly  high  proportion  of 
defectives  of  several  kinds,  blindness  being  frequent. 

Albinism 

Albinism,  a  pigment  deficiency,  has  been  noted  from  time  to  time  in  practically 
all  animals  of  which  adequate  series  have  been  observed.  It  is  not  a  ]  >  n  ticularly 

rare  phenomenon.  Once  occurrinji^,  it  is  likely  to  be  most  persistent  in  inl))  rd  popu- 
lations. For  example,  the  Hojii  Indians  of  northern  Arizona  are  characteri/ed  by  a 
relati\elv  hiii;h  peicentagc  of  albinos  (Klauber,  19.32a.  p.  I')).  Cieori^e  Shiras  n921, 
p.  182)  has  called  attention  to  the  pre\alcnce  of  albino  deer  on  Grand  Island  in 
Lake  Superior.  Albinism  has  been  shown  to  be  a  Mendelian  recessive  character, 
which  accounts  for  its  accentuation  through  inbreeding.  At  the  San  Diego  Zoo, 
C.  B.  Perkins  has  been  able  to  develop,  through  back-crossing  from  a  single  albino 
female,  a  pure  strain  of  albino  San  Diegan  gopher  snakes  {Pituophis  catenifer 
annrctens).  The  albino  ofTsjjring,  in  the  first  {generation,  were  produced  in  approxi- 
mate! v  the  proportions  to  be  expected  foi  simj)lc  recessives. 

In  with -ranging  jjopidalions,  albinism  |jrobaljlv  occurs  to  the  extent  of  one- 
tenth  to  one-hundredth  of  one  per  cent  of  the  population.  Perkins,  raiding  dens 
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ot  ihc  jiiaiiic  rattlesnake  (C.  x>.  viridis)  at  Platicville,  Colorado,  secured  one  albino 
.s|X'ciinen  out  of  about  830  rattlers  collected.  I  his  was  a  ju\enile  (fig.  4:3).  At  the 
San  Diego  Zoo  we  have  had  scNen  wild  albinos— three  gopher  snakes,  two  Cali- 
fornia king  snakes,  a  Cialifornia  boa.  and  a  leaf-nose — out  of  sonic  20,000  snake 
specimens  recorded  from  .San  Diego  Coiuity.  Although  about  4.000  rattlesnakes 
were  included  in  this  census  there  were  no  albinos  among  them. 

.Albino  snakes  probably  suffer  in  competition  with  their  normal  fellows:  their 
eyesight  is  jDerhaps  defective,  as  is  the  case  with  most  albinos,  and  they  lack  protec- 


Fig.  1:3.  |u\t'nilc  alhino  prairie  raUlcsnakc  (C.  v.  I'iridis)  compared  witli  one  of  normal 
loloialion.  (Spetimenh  from  near  I'laitcvillc.  WeUi  C^oimty,  (lolurado.) 


live  coloration,  making  them  more  readily  subject  to  predation.  Hence,  most 
albino  snakes  fountl  in  the  wild  are  juveniles,  although  this  is  not  invariably  the 
case,  as  it  is  with  two-headed  snakes,  for  the  latter  almost  alwa\s  suffer  from  serious 
anatomic  aberrations  in  addition  to  bitephalism,  and  albinos  do  not. 

A  completely  albinisiic  rattlesnake  has  pink  eyes  and  lacks  all  of  the  darker 
colors  usually  evident  in  the  normal  pattern  of  the  species  to  which  it  belongs.  Vet 
the  pattern  may  still  be  faintly  discerned,  because  the  pink  of  the  tissue  within  is 
more  evident  through  the  patches  of  skin  normally  dark,  than  through  those  nor- 
mally straw  color,  which  color,  indeed,  is  to  some  extent  retainetl.  In  other  words, 
there  is  a  retention  of  opacity  in  the  normally  light  areas  not  evident  in  those  nor- 
mally dark,  which  areas  arc  seen  to  be  somewhat  transparent. 

It  is  generally  agieed  that  albinism  has  little  or  no  effect  on  evolution;  light- 
colored  species  aie  not  derived  from  an  albino  ancestry.  Thus,  the  Aruba  Island 
rattlesnake  (C.  untcolor),  a  conspicuously  light  species  allied  to  the  Neotropical 
rattlesnake  (C.  durissus),  is  in  no  way  a  result  of  albinism:  nor  are  the  almost  white 
specimens  of  the  southwestern  speckled  rattlesnake  (C.  rn.  fryrrhus)  found  in  the 
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Tinajas  Altas  Mountains  of  southern  Ai  i/ona  albinistic.  Such  scattered  spots  as 
this  white  pyrrhus  retains  are  quite  dark,  ;iiul  tlie  eyes  are  dark. 

Albinos  are  sometimes  taxouomic ;dlv  ( oiii iisinii,,  but  ilierc  is  no  instante  ol  a 
supposed  new  species  o£  rattlesnake  based  on  an  albino.  Altliough  Amaral  (192Ga, 
p.  56)  presumed  that  the  type  specimen  of  Crotalus  pulvis  Ditmars,  1905,  was 
merely  an  albinistic  C.  durissus,  the  weight  of  the  evidence  now  indicates  that  it 
was  a  specimen  of  unicolor,  as  concluded  by  Gloyd  (1940,  p.  141).  There  is  no  cer- 
tainty that  the  specimen  came  from  Nicarag;ua,  as  supposed,  for  it  passed  through 
several  hands  before  reaching  Ditmars.  TIic  scale  counts  fit  unicolor,  but  do  not  fit 
dririssiis,  tcrrificiis,  or  any  utliei  mainland  rattler  of  this  group.  C.  unicolor,  hy  the 
way,  is  lelatively  nuich  lighter  as  an  adult  than  as  a  ju\enile.  1  iiis,  however,  dotts 
not  justify  the  ide  a  i  xpressetl  in  Japanese  folklore  (Oj>ler,  194.5,  p.  258)  that  white 
snakes  are  very  old,  a  belief  that  was  used  by  Kipling  in  the  story  of  "1  he  King's 
Ankus,"  wherein  a  cobra  guarding  a  treasure  was  so  old  that  it  had  turned  com- 
pletely white.  It  is  not  a  universal  rule  by  any  means  that  snakes  which  change 
their  patterns  as  they  age  tend  to  lighten.  Highland  specimens  of  the  southern 
Pacific  rattlesnake  {€.  v.  helleri)  and  the  Arizona  blade  rattlesnake  (C.  v.  cerbems) 
grow  cons  pin  inusly  darker  as  they  age. 

A  nimiber  of  albino  rattlesnakes  ha\e  been  mentioned  in  published  accounts. 
Comandio  (IS9.'?,  j).  .-{It))  ilescribed  an  albino  j)iaiiie  lattlcr  (C.  7'.  x'iridis)  from  12 
niiies  east  of  lieatrice,  Nebraska.  This  report  initiaieil  connncnts  by  correspondents 
in  Forest  and  Stream,  one  of  ulioni  suggested  that  the  light  color  might  be  incident 
to  some  chronological  phase  of  skin  changing.  To  this  Comancho  replied  that  the 
snake  was  still  alive  and  the  color  had  not  changed,  despite  shedding.  The  cor- 
respondence also  brought  forth  a  report  of  another  albino  rattler  (Savage,  1893. 
p.  492)  from  sou tlnvc  stern  Texas.  The  species  was  not  named. 

Ditmars  (1921,  j).  KH)  pictiues  a  young  albino  timber  rattler  (C.  h.  Iiof  ridus) 
that  was  collected  at  Black  Rock,  Mt.  Everett,  Massachusetts.  A  second  specimen, 
thought  to  be  a  year  oldei ,  ^\  as  taken  on  the  sanie  rock  ledge  a  vear  later  (Ditmars, 
1923,  pp.  49,  115).  This  is  the  only  instance  known  to  me  of  two  albino  rattlers, 
possibly  belonging  to  the  same  brood,  captured  at  the  same  locality.  A  photograph 
of  the  first  of  these  individuals  has  often  been  reprinted  (Ditmars,  1921,  p.  131; 
Illustrated  London  News,  Sept.  IS.  1924,  p.  497;  Ditmars,  1929,  p.  1 19;  1935,  fig.  29). 

Babcock  (1925,  p.  5)  mentions  a  New  England  albino  horridus  from  Black  Rodt, 
Mt.  Washington,  near  Pittsfield,  Massachusetts,  which  I  presume  to  be  the  same 
locality  as  Ditmars'  Rlack  Rock,  so  that  this  record  may  possibly  be  based  on  one 
of  tile  foregoing  specimens.  .Miller  (1938,  p.  17)  also  iiu  ntions  albinos  of  this  sub- 
spe(  ics.  i)ut  without  being  specific  as  to  the  speciincns  he  has  seen. 

A  number  of  albino  South  American  rattlers  from  Brazil  have  been  recorded. 
Amaral  (19253.  p.  55)  mentions  three  from  San  Roque,  ItCi.  and  Rio  Pardo,  all  in 
the  state  of  SSo  Paulo;  and  later  (1932,  p.  83)  he  reported  another  from  Ipaussii  in 
the  same  state.  Prado  and  de  Barros  (1940,  p.  31)  list  two  more  albinos  of  this 
subspecies,  one  from  Palmar,  also  in  S3o  Paulo,  the  other  from  Barra  Boniia,  Santa 
Catarina.  It  is  interesting  to  note  that  all  six  of  these  sj>erimcns  were  adults  (810 
to  1,035  mm.  in  length),  and  that  both  sexes  were  represented.  Renault  and 
-Sclireiljer  (1919,  p.  91)  mention  a  young  albino  from  Di\ inoijolis,  Minas  Ceraes, 
Brazil;  and  Hoge  (1952,  p.  269)  two  from  Japiia,  l\irana,  that  had  not  progressed 
beyond  the  button  stage. 
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I  have  two  albino  i altlcsnakcs  pit  scrvccl  in  mv  collection,  and  Iia\r  s(  t  ii  two 
others.  One  of  mine  is  a  juvenile  lenuile  piaiiie  rattier  (C.  v.  vindis),  ahead)  men- 
tioned, from  Platteville,  Colorado.  The  other  is  a  young  male  of  the  same  species 
from  20  miles  north  of  Quinn,  Pennington  County,  South  Dakota.  This  was  sent 
me  by  W.  B.  Harvey,  who  also  lent  me,  for  examination,  another  albino,  a  three- 
rattle  female  from  30  miles  northwest  of  Wall,  in  the  same  county.  The  blotches 
were  visible  as  pinkish  saddles  on  a  white  background.  The  rattle  was  pure  white. 
The  eyes  were  pink  in  life.  Cornell  I'niversity  has  a  two-rattle  northern  Pacific 
rattler  (C.  t'.  orcgnuiis),  a  male,  from  the  mouiii  of  I.os  Gatos  Canyon,  near  Ck)a- 
linga.  Fresno  County,  Cialiloniia.  1  his  is  an  almost  perfect  albino,  although  there 
are  six  light-brown  spots  visible  anieiioily  and  two  near  the  tail.  1  he  rattles  are 
white. 

Melanism 

Melanism — tlie  occurrence  of  black  individuals — seems  to  be  of  two  kintls.  The 
first  involves  the  continued  presence  of  many  black,  or  almost  black,  individuals 
in  a  poptdation  othcr^\•isc  not  distingm'shed  bv  bcine;  conspicuouslv  darker  than 
neighborine;  j)()pulat ions  that  do  not  ))roduce  mel;nir)>.  I  his  type  of  melanism  is 
usually  ontogenetic,  lor  the  indniduals  destined  to  be  black  as  adults  arc  nor- 
mally colored  at  birth.  The  second  type  involves  only  a  very  few  specimens,  and 
may,  like  albinism,  be  the  result  of  some  chance  genetic  disturbance  that  may 
appear  in  one  or  several  individuals  and  then  be  eliminated  from  a  population. 

Among  the  rattlesnakes,  the  first  kind  of  melanism  occurs  among  the  eastern 
massasaugas  (Sistrurus  c,  catenetus).  These  rattlesnakes  ordinarily  ate  cpiite  dark- 
coloicd,  but  with  a  conspicuous  pattern  of  scpiarish  brown  or  blark  blotches  on 
a  gt ay-brown  ground  color.  In  some  areas,  however,  many  individuals  are  uni- 
formly black  (fig.  1:1),  altlujii^h  the  patici  n  is  sometimes  faintly  tvident  in  difleient 
densities  of  black,  a  diileience  accentuated  upon  preservation  in  alcohol.  Conant 
(19S8,  p.  113;  1951,  p.  254)  points  out  that  the  black  specimens  have  light  areas  on 
the  underside  of  the  head  and  neck.  He  states  that  the  young — including  those 
born  to  melanistic  mothers — are  normally  a>lored;  thus  the  effect  is  ontogenetic. 
Of  14  collected  near  Mt.  \'i<  tory.  Hardin  County,  Ohio,  all  adults  were  black  and 
all  ju\eniles  spotted.  In  other  Ohio  areas  bhuk  specimens  are  less  common.  Gloyd 
(1910,  J),  f)!)  (alls  allcntion  lo  mclainstic  specinu'ns  from  Indiana,  Illinois,  "Wis- 
consin, and  Mic  higan.  Roljeii>  and  (hiarlcrs  ( 19  17.  p.  6)  found  one  black  sjx-c  imen 
among  10  collected  in  Michigan.  1  here  is  no  evidence  thai  this  diliusion  of  onto- 
genetic melanism  within  this  rattlesnake  subspecies  is  in  any  way  ephemeral.  Kirt- 
land  described  a  black  specimen  as  a  possible  new  species  (messasaugtis)  as  early  as 
1838  (p.  190).  Specimens  of  the  Mexican  pigmy  rattlesnake  (5.  ravus)  are  also  occa- 
sionally melanotic. 

Another  rattlesnake  ha\ing  a  melanistic  strain  is  the  timber  rattlesnake  (C.  h. 
horrldu.s).  of  which  black  individuals  ajc  moderateh  common  in  the  eastern  part 
of  the  range,  particularly  at  the  higliet  ele\ations  (Ditmars,  1929,  p.  Ill:  \9Sy>, 
p.  32;  Gloyd,  1940,  p.  184).  Usually  the  |)attern  is  evident  to  some  degree,  esjx:cially 
posteriorly,  but  some  individuals  are  uniformly  black.  Most  of  the  black  specimens 
are  males;  however,  it  is  not  true  that  they  are  invariably  males,  or  that  all  males 
are  blade,  as  was  once  thought  to  be  the  case. 
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These  are  instances  of  melanism  of  the  first  type,  wherein  rather  widespread 
populations  continually  manifest  a  black  phase.  The  other  type  is  that  in  which 
only  one  or  a  very  few  mclanistic  individuals  occasionally  appear  in  an  otherwise 
normally  colored  population.  Stearns  (1877.  p.  02 -i)  mentions  a  jet-black  rattler, 
"without  even  a  white  shade  on  the  belly,"  taken  near  N'iles.  .Alameda  County, 
California.  Mrs.  Margaret  Darrell  advised  me  of  seeing  "coal  black  rattlers,  their 
markings  barely  distinguishable,"  at  Eagle  Rock  Lookout,  Santa  Cru/  County, 
California.  At  both  of  these  places  normally  colored  raitlesnakes — they  are  north- 


Fig.  4:  J.  Mclanistic  caslcrn  niass.is:iiii»a      v.  calenatus). 
(Adult  female.  i)r(>l)al)l\  liom  Ohio.) 

crn  Pacifies  (C.  v.  oregnnus) — are  gray  or  greenish,  with  blown  or  black  blotches. 

In  1930,  W.  A.  Bevan  wrote  me  of  the  occurrence  of  nu  lanistit  specimens  of  the 
prairie  rattlesnake  (C.  v.  viridis)  west  of  Fort  Collins,  Colorado.  He  had  seen  one 
specimen  that  was  quite  black  and  had  heard  of  otheis.  Gloyd  (1935,  p.  665)  men- 
tions another  specimen  of  the  prairie  rattlesnake  (C.  v.  viridis)  seen  near  Spearfish, 
South  Dakota,  that  had  suffitient  blatk  pigment  to  obscure  the  pattern  almost 
completely.  1  have  not  been  fortunate  enougli  to  see  any  reprcscntatixes  of  this 
spoiadit;  type  of  melanisin,  \n>r  is  il  known  wlicilu-r  it  tle\cl<)j)s  ontogcntically. 
Such  specimens  are  apparently  more  of  the  character  of  true  freaks  than  the  mcla- 
nistic individtials  that  lepresent  a  color  phase  among  the  massasaugas  and  timber 
rattlers. 

There  is  another  kind  of  darkening,  which  differs  from  that  evident  in  calenatus 
and  hotridus  in  that  an  entire  population  is  blackened  instead  of  producing  two 
jiattern  phases,  a  normal  and  mclanistic,  within  the  same  area.  This  type  of  dark- 
ening may  be  more  accentuated  in  some  areas  than  in  others  occupied  by  the  same 
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siihspt  c  ICS.  The  best  example  is  the  Ai  i/Diia  bla<k  rattlesnake  (C.  -,>.  rrrbcrits), 
which  is  quite  (huk.  as  tlie  name  implies.  1  he  darker  spetimens  are  from  the 
higher  elevations,  the  blackest  being  those  from  the  Santa  Catalina  Mountains  near 
Tucson.  However,  even  these  have  small  groups  of  yellowish  scales  along  the 
dorsum,  representing  the  interspaces  between  blotches.  Young  specimens  are  quite 
brightly  marked.  In  all  the  snakes  of  this  subspecies,  the  blotches  become  much 
more  evident  after  preservation,  for  they  turn  dark  brown,  especially  at  their  an- 
ters.  In  California  and  Baja  California,  in  some  mountain  areas,  the  larj^c  adult 
Pacific  rattlers  (C.  oreirauus  and  C.  i'.  hrlleri)  aic  olteii  (juitc  dark,  although  the 
blotdu-s  are  more  a|)parent  than  in  the  darkest  Ai  i/oiia  specimens  of  ccrbcius. 

Hellmuh  (1951,  p.  mentions  three  types  of  melanism  in  terms  of  color  ap- 
plication, as  originally  suggested  by  Reinig:  First,  true  melanism,  in  which  the 
specimen  is  completely  black;  second,  a  change  in  the  elements  of  the  pattern  by 
a  broadening  of  the  black  markings  {nignsmus)\  and,  third,  an  increase  in  the 
number  of  black  spots  or  dots  (ahundismus).  The  applicability  of  these  defmitions 
to  the  types  of  melanos  or  partial  mclanos  occurring  among  the  rattlesnakes  will 
rcqniie  fiu  thci  stiidv.  hut  it  is  l)elie\ed  that  the  third  type,  the  abundance  of  the 
melanopliorcs,  produces  the  ecotypic  effects  in  oreganus,  helleri,  and  cerbet  us. 

Other  Color  and  Pattern  Aberrations 

All  species  of  rattlesnakes  are  subject  to  considerable  degrees  of  variation  in  color 
and  pattern.  These  variations  may  be  individual,  ontogenetic,  or  regional.  In  addi- 
tion to  these  expected  diversities,  it  is  not  uncommon  to  find  individuals  differing 
from  their  fellows  to  an  extent  verging  on  the  freakish — that  is,  not  constituting 

a  regular  or  consistent  proportion  of  the  poj)ulation.  These  divergences  niav  be 
evident  in  color,  jiattern.  or  both.  It  is  difhcult  to  distinguish  tlie  genotypic  from 
ilie  jjlienotypit  ellects  in  tills  complexity. 

Of  the  color  aberrants,  the  most  conspicuous  arc  albinos  and  melanos,  with 
which  I  have  already  dealt.  But,  as  a  matter  of  fact,  there  are  many  kinds  of  both 
a  pale  coloration — among  which  albinism  is  an  extreme  genetic  deviation — and 
melanism,  so  that  both  partially  white  (or  pink)  as  well  as  partly  black  specimens 
are  not  especially  rare.  Many  of  the  aberrants  seem  to  lack  some  particular  element 
of  the  normal  coloration,  a  sort  of  partial  albinism,  Tliis  mav  ha\c  the  efTect  ol 
hrin^inn  ont  some  color  hitheito  masked  behind,  or  within,  a  daikcr  color,  with 
which  it  may  norinallv  meri^e  to  produce  an  intermediate  hue.  It  is  paitioilaily  to 
be  noted  that  a  curtailment  of  the  black  pigment,  melanin,  may  sei\e  to  stress 
hitherto  unsuspected  yellows  and  reds,  especially  the  former.  For  example,  Amaral 
(1932,  p.  151)  has  described  a  case  of  xanthism  in  the  South  American  rattler 
(C.  d.  terrificus).  I  have  seen  a  number  of  instances  of  the  same  character  in  prairie 
rattlesnakes  (C.  v.  viridis)  from  Kansas,  South  Dakota,  and  Colorado:  \aiioiis 
amounts  of  yellow  or  orange  were  apparent  in  llie  dorsal  pattern,  but  no  darker 
rolois.  Snch  specimens  usually  have  pink  tongues,  whereas  the  anterior  parts  of 
the  ton<;uc  .ne  noimally  black  in  this  sid)spe(ies.  Glovd  (19.'i.">.  p.  (ifi^)  has  de- 
scribed several  sj)ecimen5  having  this  type  of  color  deficiency,  \ellow  and  red  fade 
upon  preservation  of  a  specimen  in  alcohol  or  formalin,  so  that  only  live  specimens 
give  an  accurate  idea  of  the  quality  of  this  type  of  color  anomaly. 

Some  aberrants,  although  still  retaining,  at  least  to  a  d^^ree,  the  colors  that  nor- 
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mnlly  comprise  the  pattern  of  bloithes  or  rings,  exhibit  blotches  so  reduced  in  si/e 
thai  they  ajjproach  ohsolcsc ciu e.  This  j^ixes  the  snake  a  uiiicolored  or  mottled 
ajjpeai aiiee.  1  have  in  my  colKc  tion  a  s])C(inu  n  of  the  San  Lutan  diamond  rattler 
(C.  r.  lucascmis)  of  this  nature;  it  is  an  adult  male.  Although  lighter  than  usual, 
this  specimen  does  not  lack  melanin^  which  is  evident  in  its  black  tail  rings.  I  have 
seen  mottled  specimens  of  the  prairie  rattlesnake  (C.  v.  viridis)  exhibiting  the  same 
deviation  from  the  normal  pattern. 

In  snakes  usually  having  blotches  or  rings,  some  aberration  in  the  genie  mecha- 
nism may  cause  a  peculiar  90-degrec  rotation  of  the  pattern,  whereby  transverse 
l)lotches  or  rings  arc  transformed  into  longitudinal  stripes.  Probably  the  best- 
authenlii atcd  instance  of  this  rotation  is  to  be  observed  in  the  California  king 
snakes  {I auh f)i opi  lds  lyftiihts  calif ortiiac):  this  has  been  discussed  by  the  wiitcr  in 
some  detail  (klauber,  1936d;  1939c).  In  one  section  ol  the  territory  occupied  by 
this  snake  a  considerable  part  of  the  jjopidation  (some  40  per  cent)  comprises 
longitudinally  striped  specimens;  the  others  have  rings,  which  are  normal  in  thb 
species.  As  the  distance  from  this  central  area  increases,  the  aberrants  become  more 
infre(|uent  and  with  less  perfect  longitudinal  stripes,  until  territories  are  reached 
where  only  the  ringeti  form  occurs. 

In  abcnants  of  this  ivpe.  the  character  of  the  longitudinal  stiif)cs  that  replace 
the  rings  oi  bloic  hi  s  di  pcnds  on  the  natuic  of  tlu:  dctaik'd  design  of  tlie  normal 
rings  or  blotches.  In  the  king  snakes,  the  contiast  between  the  light  and  dark  rings 
constituting  the  usual  pattern  is  very  gieat  and  the  boundaries  are  even-edged; 
and  this  effect  is  repeated  in  the  sharp  definition  of  the  longitudinal  stripes.  But, 
in  contrast,  when  a  similar  transformation  occurs  in  indefinitely  marked  species, 
the  change  is  less  striking.  For  example,  the  gopher  snakes  (Pituophis  c.  catenifer) 
of  central  California  sometimes  have  longitudinal  stripes  instead  of  the  usual 
blotches;  but,  when  they  do.  the  stripes  are  not  conspicuous,  for  tliey  are  neither 
sharply  contrasted  with  the  backgiouiid  in  color,  nor  ha\e  tluy  well-defmed  edges. 

The  same  kind  of  ])attein  iranslorniation  has  Ixcn  obsc  iAid  among  the  laitle- 
snakes,  but,  as  most  of  them  are  blotched,  tiie  longitudinal  aberrants  are  not  so 
conspicuous  as  are  those  among  the  king  snakes.  Furthermore,  there  are  different 
degrees  of  transformation;  in  the  rattlesnakes  most  of  the  aberrant  specimens  with 
longitudinal  stripes  are  abnormal  only  anteriorly,  usually  for  a  fourth  or  less  of 
the  total  length.  Rarely,  however,  the  entire  pattern  may  be  striped.  It  shoidd  be 
observed  that  the  transformation  does  not  merely  con-sist  of  a  coalescence  of  ad  ja- 
cent l)Iotches,  for  earh  clement  of  a  nojnial  blotch  is  represented  in  the  strijie, 
pa!  ii(  ularh  the  dark  inner  edge  and  the  ligliK  r  boundary.  If  the  i)loicli  ordinarily 
has  a  light  center,  this  will  be  represented  by  a  light  vertebral  line  in  the  longi- 
tudinal stripe.  Any  secondary  lateral  blotches  are  usually  manifested  as  longitudi- 
nal dark  streaks  below  the  main  stripe.  Thc)  ma)  be  broken  into  a  series  of  dashes. 

I  have  seen  or  heard  of  only  three  rattler  specimens  in  which  the  blotch  trans- 
formation into  a  stripe  was  complete.  The  first  was  called  to  my  attention  by 
M.  Graham  Netting  of  the  Carnegie  Mus(  uin,  Pittsburgh.  This  was  a  timber  rattler 
(C.  //.  hnrri(lus)  \\<nv  Franklin  County,  Pennsylvania,  which  has  ])een  described 
and  illustrated  by  C.loxd  (103.').  p.  GtiG.  plate  lO.'i  fig.  2).  As  this  is  a  sjjcries  that 
normally  has  clearly  evident  crcissbands,  the  longitudinal  stripe  is  very  dehnite 
and  evenly  outlined  (or  a  rattlesnake. 
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Another  sp(  (  iiiicii.  a  wcsierii  diaiiioncl  (C.  atrox)  trom  Clonial  Ciountv.  Texas, 
has  a  coinplcic  longiludinai  stripe,  but  as  this  is  normally  a  species  with  poorly 
outlined  blotches,  the  stripe  is  not  particularly  clear.  The  central  stripe  is  brown 
like  the  center  of  an  atrox  blotch.  The  darkest  color  is  about  five  scale  rows  wide, 
but  instead  of  a  definite  lateral  border  there  is  a  gradual  lightening,  caused  by 
both  a  liglucr  ground  color  and  a  reduction  in  the  number  and  size  of  the  dark- 
brown  speckles  that  characterize  this  species.  The  tail  is  particularly  interesting, 
for  here  the  transformation  is  not  only  evitleni,  but  is  striking.  C.  atrox  is  a  species 
that  has  a  tail  cjuile  ililierent  in  pattern  and  color  from  the  rest  of  the  bodv,  with 
the  tan  body  color  chan^in^;  suddenly  to  a  series  of  black  riu'^s  on  a  gray  back- 
ground. As  niighi  be  expected  theoretically,  in  the  aberrant  specimen  the  black 
cross-rings  are  converted  into  a  single  black  vertebral  stripe,  below  which  the  sides 
are  gray.  Thus  we  have  in  this  aberrant  a  complete  pattern  rotation  from  head  to 
tail  tip.  The  third  specimen,  also  a  western  diamond,  was  for  a  time  in  the  collec- 
tion of  the  Witte  Museum,  San  Antonio,  Texas.  It  exhibits  the  same  pattern 
anomaly  as  the  one  just  described. 

Spec  imens  with  anterior  stripes  are  not  at  all  uncommon,  the  extent  of  ihe  stripe 
varying  in  length  from  the  ecpiivalent  of  two  or  ihiee  (onjointii  l)loiches  up  to 
one-half  of  the  body  or  mcjre.  Of  course,  this  indication  of  ai)errancy  refers  to 
species  normally  blotched;  the  Neotropical  rattler  (C.  durissus)  and  its  relatives 
are  characterized  b)  a  pattern  of  paired  longitudinal  stripes  anteriorly,  followed 
by  blotches.  The  stripes  usually  extend  from  one  to  four  head-lengths  behind  the 
head.  Thus  what  is  an  aberration  in  most  species  has  become  the  normal  pattern 
in  this  one.  Occasionally,  in  this  species,  the  vertebral  sn  ipes  aic  carried  much 
farther  back  along  tlie  bodv  than  is  normal.  Amaral  (l'J!52,  p.  82.  fig.  3)  shows  a 
specimen  of  the  South  American  rattlesnake  {C.  d.  trnificus)  on  which  the  vertebral 
stripe  extends  lor  more  tlian  two-lliirds  of  ilie  body. 

As  I  have  said,  partial  striping  is  not  a  particularly  rare  anomaly  among  the 
rattlesnakes.  I  have  seen  anterior  longitudinal  stripes  in  the  following  subspecies: 
the  Mojave  rattlesnake  (C.  s.  scutulatus),  the  Tamaulipan  rock  rattlesnake  (C.  /. 
morulus),  the  Queretaran  dusky  rattlesnake  (C.  L  aquilus),  the  red  diamond  (C.  r. 
ruber),  the  prairie  rattlesnake  (C.  v.  I'iridis),  the  northern  Pacific  rattlesnake  (C.  v, 
ott^ganus).  rhe  southern  Pacific  (C-.  .'.  hrllni).  and  the  Panamint  rattler  (C.  m. 
stcf'lirnsi ).  Siu  h  ireaks  are  particularlv  |)re\alent  among  the  Moja\c  rattlers.  One 
ii'd  di.niioiid  had  a  posteiioi,  lather  than  an  anterior,  longitudinal  stripe.  A  north- 
ern I'ac  ilic  from  British  Columbia  had  a  stripe  in  the  mid  section.  In  a  brood  of 
12  northern  Pacifies  from  Arbuckle,  Colusa  Ck>unty,  California,  all  had  aberrant 
patterns,  in  the  form  either  of  stripes  on  the  neck  or  of  series  of  greatly  elongated 
blotches,  some  of  which  were  split  by  light  median  lines. 

Another  form  of  anomalous  pattern  is  produced  by  asymmetrical  spacing  in  the 
blotch  halves  or  the  two  sides  of  the  middorsal  line,  this  in  sjiccies  that  normally 
have  a  single  middoisal  s(  i  ies.  The  blotches  are  connec  ted  by  diagonal  bars,  each 
of  which  joins  ihc'  posterior  end  c)f  ciiie  blotch  to  the  anterior  end  of  the  next 
blotch  on  tlie  opposite  side  of  the  body.  The  result  is  a  wavy,  longitudinal  stripe. 
I  have  seen  this  effect  in  specimens  of  C.  r.  ruber  and  C.  t.  triseriatus. 

Another  anomaly  in  pattern  is  the  extension  of  the  blotches  down  the  sides  to 
the  ventrum.  It  is  characteristic  of  many  rattlesnakes  that  the  anterior  blotches 
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have  well-defined  lateral  borders  that  separate  the  main  iilolch  series — usually 
diamonds  or  hexagons — from  the  secondary  blotches  on  the  sides.  Posteriorly, 
howcNcr.  there  is  a  tendency  of  the  main  dorsal  scries  to  coalesce  with  the  side 
blotciies.  thus  pioducing  cross-bands.  Hut  with  the  exception  of  the  ringed  sj)ecies 
horridus  and  lepidus,  only  the  northern  black-tailed  rattler  (C.  m.  molossus)  has 
the  anterior  diamonds  normally  opened  laterally  so  that  the  dark  dorsal  blotches 
extend  down  the  sides.  Occasionally  an  aberrant  with  this  characteristic  appears 
in  other  species.  I  have  seen  a  perfect  example  of  this  in  a  red  diamond  rattlesnake 
(C.  r.  ruber)  from  northern  Baja  California;  and  Amaral  (1932.  p.  82,  fig.  4)  has 
called  attention  to  the  same  deviation  from  normal  in  a  South  American  rattle- 
snake from  the  state  of  Minas  Gcracs,  Brazil. 

In  judging  the  accnrat  y  or  importance  of  re|)orts  of  cjueei  ly  colored  i attlcsnakes, 
one  must  have  some  knowledge  of  the  species  that  are  to  be  found  in  any  area.  l  or 
example,  although  most  of  the  rattlers  in  the  Wickenburg-Prescott  section  of  Ari- 
zona are  black,  green,  or  brown,  the  report  of  an  occasional  bright-pink  individual 
should  cause  no  surprise,  for  the  southwestern  speckled  rattlesnake  (C.  m.  pyrrhus), 
one  of  the  less-common  kinds  found  there,  is  normally  a  beautiful  coral  pink  in 
color.  On  the  other  hand,  a  newspaper  report  of  a  golden-yellow  rattler  seen  near 
Porterville,  California,  mav  have  had  reference  to  a  partial  albino,  for  only  one 
species  of  rattlesnake — the  northern  Pacific  (C.  v.  oreganus) — occurs  in  that  vicinity, 
and  it  is  ordinarily  gray,  blotched  with  dark  brown  or  black. 

Hybrids 

There  are  various  myths  concerning  the  hybridization  of  rattlesnakes  with  other 
snakes.  Throughout  the  West,  but  particularly  prevalent  in  the  upper  Missouri 
Valley,  there  is  a  widespread  idea  that  the  rattlesnakes  have  crossed  with  the  bull 
snakes  (Pituophis),  producing  an  especially  vicious  and  venomous  olbpiing;  which 
further,  being  rattleless.  is  the  more  dangerous  sin(e  it  does  not  warn  its  victims. 
There  is  not  ilie  sliglitcst  reason  for  believing  this  stoi  y:  it  probably  gained  credence 
fiom  the  fact  that  a  bull  snake  on  the  defensive  will  vibrate  its  tail,  and  will  coil 
and  strike  at  an  intruder.  Those  unfamiliar  with  the  habits  of  snakes  jump  to  the 
conclusion  that  such  rattlesnake-like  actions  could  only  have  been  inhoited  from 
a  rattlesnake  parent.  Actually,  many  kinds  of  harmless  snakes  will  coil  and  strike, 
and  quiver  their  tails  when  annoyed.  However,  involving  no  venom,  the  bite  is 
innocuous;  and  the  tail  vibration  is  without  sound,  unless,  perchance,  it  occurs 
among  di7  leaves,  in  whi(  h  case  a  fair  imitation  of  a  rattle  results.  Another  myth, 
heaid  in  the  Soutlieast.  credits  the  copperhead  with  being  the  female  of  the  dia- 
niondljatk  i attlesiiake.  Tliis  is  mentioned  i)y  Milling  (1937.  p.  4.3)  as  possibly 
having  an  Indian  origin.  1  he  belief  is  related  to  the  pilot-snake  folklore  that  1 
have  mentioned  elsewhere  (p.  1275). 

But  hybridization  between  rattlesnakes  of  different  species  does  occur.  Three 
specimens  have  been  collected  in  the  wild,  which,  because  of  the  intermediacy  of 
their  characters,  give  e\ery  evidence  of  being  hybrids  between  two  species  known 
to  occur  in  the  ai  eas  w  here  the  anomalous  individuals  were  found;  and  at  the  San 
Diego  Zoo  we  ha\e  had  two  instances  of  interspecies  matings  resulting  in  live 
yoinig.  Another  occurred  at  tlie  University  of  California.  Berkelev. 

First,  with  regard  to  the  specimens  found  in  the  wild:  Obviously  it  is  impossible 
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to  prove  thai  tlicsc  specimens  were  hyl)ricls  since  noiliing  can  ever  be  learned  of 
their  parentage.  But,  as  tlicy  clcviaie  strikingly  ironi  the  normal  individuals  o£  tlie 
species  found  in  the  same  neighborhood,  and  particularly  because  they  are  inter- 
mediate in  pattern  and  squamation,  the  natural  inference  is  that  they  are  hybrids. 
This  inference  has  been  strengthened,  now  that  hybrids  of  known  parentage  have 
been  bred  in  captivity.  In  the  case  of  wild  anomalous  specimens,  the  alternati\e 
theory  that  they  belong  to  a  prcvioush  iHidiscovercd  species  must  be  considered, 
but  this  niav  be  viewed  as  hij^hlv  doubttul  with  icspcct  to  so  conspicuous  a  creature 
as  a  rattlesnake,  in  any  settled  area  wheie  the  lainia  is  well  known. 

In  1942  (p.  37(0  I^i  •  Rce\  e  M.  Bailey  described  what  is  apparently  an  intergenerie 
hybrid,  that  is,  a  cuiss  between  the  two  rattlesnake  genera  Sisli  taiis  and  Crotalus. 
The  subspecies  involved  are  the  eastern  massasauga  {S.  c.  catenatus)  and  the  timber 
rattler  (C.  h.  horridus)^  both  of  which  occur  in  the  vicinity  of  Keokuk,  Lee  Ck>unty, 
Iowa,  where  the  supposed  hybrid  was  found.  No  other  kind  of  rattler  inhabits  that 
part  of  Iowa. 

Dr.  Bailey  made  a  thorough  tabular  analysis  of  the  characters  of  tlic  hybrid,  a 
female,  compared  with  the  known  variations  in  the  two  possible  parent  stocks,  and 
showed  it  to  be  intermediate  in  many  diaracteis.  In  others,  it  favored  cjne  parent 
race  or  the  other,  but  without  a  convincing  trend  toward  cither.  I  hrongh  the 
courtesy  of  Dr.  Bailey,  I  had  the  opportunity  of  examining  this  hybrid  and  de- 
termining certain  body  proportions — ^head  to  length  of  body;  proximal  rattle 
width  to  body  length;  fang  length  to  head  length — which  I  was  then  engaged  in 
studying,  and  found  the  specimen  intermediate  in  two  proportions,  while  favoring 
horridus  in  the  head-body  ratio.  Of  all  the  characters  investigated,  the  number  of 
ventral  plates  was  tlie  most  significant.  This  is  an  imjjoriant  and  stable  character. 
The  hybrid  was  found  to  have  more  ventrals  (ir>'!~)  tli.in  the  highest  known  (l'i7) 
among  se\eral  luuidred  iioi  nial  ((iti')ui(n>,  'A\\d  it  hatl  one  less  than  the  known  range 
of  horridus.  Dr.  Bailey  reached  the  conclusi(jn  that  the  specnnen  must  be  a  hybrid, 
and  in  this  I  concur.  I  tried  considering  it  first  as  a  possibly  anomalous  catenatus 
and  then  as  an  anomalous  horridus.  On  either  premise,  the  differences  shown  by 
this  specimen,  from  the  normal  of  the  species  to  which  it  was  tentatively  assigned, 
were  so  many  and  extensive  that  one  was  impelled  to  the  conclusion  that  it  could 
not  be  a  mere  freakish  offshoot  of  that  species. 

.As  to  the  second  wild  hybrid:  I  received  in  1047  through  t!ie  (ourtt  sv  of  Ross 
.Alien  a  (jiiecr  rattlesnake  from  Enfaida.  Barbour  Coimty.  .Aiahania.  I  his  is  within 
the  range  of  both  the  eastern  diamondback  (C.  adauianlens)  and  the  canebrake 
rattler  (C.  h.  atricaudatus),  and  the  peculiar  snake  has  every  appearance  of  being 
a  hybrid  between  the  two.  The  pattern  is  strikingly  different  from  normal  specie 
mens  of  either  form — sufficiently  so  to  be  immediately  apparent  to  anyone  familiar 
with  the  rattlesnakes  of  this  area,  which  is  why  Mr.  Allen  sent  it  to  me.  The 
specimen  is  a  young  female  864  mm.  (2  ft.  10  in.)  long,  with  a  complete  string  of 
four  rattles. 

The  head  niai  ks  are  nearer  those  of  <itrii  audalus  than  of  adawantrus.  The 
vertical  light  line  on  the  prenasal  and  first  siipralahial  scales,  so  i  haraciei  ist  ic  of 
the  latter  species,  is  not  present.  Both  species  have  a  dark  bar  passing  backward 
toward  the  angle  of  the  mouth;  in  adamanteus  this  is  edged  above  and  below  with 
sharply  contrasting  light  lines,  whereas,  in  atricaudatus,  there  is  merely  a  bordering 
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light  ground-color.  In  the  hybrid  these  light  stripes  are  iiUcniiediate.  somewhat 
more  apj^aicnt  than  in  the  cancbiakc,  but  less  so  than  in  tiic  diamondback.  The 
Other  heail  marks  are  nioie  like  those  ol  atricinidat us. 

The  body  blotches,  although  more  irregular  than  is  typical  ot  the  (Klamantcus 
diamonds,  nevertheless  have  the  brown  centers,  black  edges,  and  light  row  of 
bordering  scales  characteristic  of  that  species.  There  is  no  reddish  vertebral  streak 
such  as  is  characteristic  of  airicaudatus;  yet  the  blotches  are  like  those  of  that 
species  in  shape,  and  in  the  fiact  that  several  of  the  anterior  blotches  are  continued 
down  the  sides  to  engage  the  lateral  secondaries.  The  ventral  surrace  is  inter- 
mediate  in  chara(  ler  between  the  two  species,  less  mottled  than  in  adamnrjteus, 
vet  more  so  ilian  is  normal  in  (it)  icauddttis.  I  lie  tail  rinirs  are  also  intermediate, 
lor  ihcv  arc  more  apparent  than  in  (it)  iraiidatus,  which,  as  its  name  implies,  usually 
has  a  uniioinily  Ijlaik  tail,  whereas  adaniantcus  has  clearly  evident  tross-rings  of 
alternating  black  and  gray. 

In  scale  counts  and  arrangements,  the  two  species  have  many  similarities,  so  that 
these  features  of  the  supposed  hybrid  afford  few  indications  of  relationship.  How- 
ever, there  is  one  important  difference  between  them,  this  beii^  in  scale  rows. 
Out  of  72  specimens  of  airicaudatus,  none  has  more  than  25  scale  )n\vs  at  mid- 
body,  whereas  ndamnntnts  usually  has  27  or  2'.*  (rarely  25  or  .Si).  The  hybritl  has 
2!).  thus  stron.nh  lavoiiim  (tdainanteus.  1  lie  inlialabials  (18-lS)  are  also  his^li  lor 
(ill  It  aitdfiliis.  altliou^li  in  rare  cases  a  specimen  attains  that  many,  but  18  is  entirely 
noimal  lor  adatiuniirus. 

In  body  proportions,  also,  the  hybrid  favors  adamanteus.  This  species  has  a 
slightly  larger  head  than  the  canebrake.  Calculations,  using  the  equations  I  have 
set  forth  in  table  4:2,  indicate  that  a  snake  of  the  size  of  the  hybrid  would,  if  an 
adamanteus,  have  a  head  about  45.3  mm.  long,  and  if  an  airicaudatus,  37.5  mm. 
The  head  of  tlie  hybrid  measuits  12.8  mm.  For  snakes  with  equal  head  sizes, 
adamanteus  has  a  relatively  longer  iang  than  airicaudatus  (Klauber,  1939b,  p.  15); 
in  this,  also,  the  s|)ecimen  under  examination  is  like  the  diamondback.  The  speci- 
men is  cjuite  l<Mi<»  lor  a  loiu  iattle  airicaudatus  ijut  is  aboiH  noimal  for  an 
adamanteus.  The  rattles,  also,  are  larger  than  is  normal  Un  airicaudatus;  in  fact, 
each  of  the  four  rings  is  larger  than  the  correspondingly  numbered  ring  in  any 
atricaudatits  string  I  have  measured,  but  all  fall  well  within  the  range  of  dimen- 
sions of  adamanteus  rattles. 

Summing  up  all  these  points,  I  should  say  that  this  specimen  resembles  airicau- 
datus somewhat  more  than  adamanteus  in  pattern,  but  the  reverse  is  true  in 
sqiiamation  and  form.  It  dr\iales  from  the  normal  ol  eithci  species  to  such  an 
extent  that  it  either  rejjieseiits  ;i  ])i t  \  ionslv  nmlisco\eietl  s|)e(  ies  an  lUUenable 
theory,  having  in  mind  the  populous  area  in  which  it  was  found — or  it  is  an 
atricaudatus-adamanteus  hybrid,  and  I  am  convinced  that  the  latter  is  the  case. 

The  third  wild  hybrid  that  has  come  to  my  attention  is  a  ruber  x  helleri  cross 
from  Rincon,  San  Diego  County,  California.  Both  the  parent  subspecies  are  com- 
mon in  that  vicinity.  It  was  brought  to  the  San  Diego  Zoo  on  April  29.  1954,  at 
which  time  it  was  about  seven  months  old.  It  feeds  readily  and  is  thriving.  Scale 
coimts  have  not  v(>t  been  made,  but  its  intermediate  pattern  and  (olor,  particularly 
evident  in  the  lu  ad  marks,  body  blotches,  and  tail  rings,  leave  no  doubt  as  to  its 
hybrid  character.  Besides,  we  have  had  available  for  comparison  a  captive-bred 
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brood  (shortly  to  he  dcscrihcd)  ha\  iii-^  the  same  parentage,  and  thus  arc  sure  of  its 
hvi)i  id  nature.  Ho\\e\er.  in  this  iiisiance  we  do  not  know  which  parent  l)elon'4e(l  to 
wiiich  subspecies.  1  his  is  the  lust  hybrid  rattlesnake  that  has  been  recognized  as 
such  out  of  about  4,000  rattlers  from  San  Diego  County  brought  to  the  San  Diego 
Zoo  alive  during  the  past  30  years. 

The  second  kind  of  hybridization  is  that  produced  by  the  artificial  associations 
of  cai)tivity.  'Y\\q  first  case  of  this  type  between  rattlesnakes  at  the  San  Diego  Zoo 
involved  a  male  southern  Pacific  (C.  t'.  hellcri)  and  a  female  red  diamond  (C.  r. 
rubrr).  The  male  was  captured  near  the  canton  border  of  San  Diego  City  on 
March  9,  19'')7.  J  he  female  was  from  wesicm  San  Diego  County,  the  exact  locality 
being  unrecorded;  it  was  brought  in  as  a  young-of-the-year,  having  three  rattles, 
in  the  summer  of  1936.  Both  rattlesnakes  were  placed  in  a  cage  with  some  gopher 
snakes  (Pituophis),  to  show  the  public  that  rattlers  are  not  inherently  vicious  and 
live  peaceably  with  other  kinds  of  snakes.  There  were  no  other  male  rattlers  in 
this  cage,  nor  was  the  female  ever  in  a  cage  with  a  red  diamond  male. 

The  Pacific  male  was  observed  courting  the  red  diamond  female  in  the  spring 
of  1911,  and  mating  was  observed  on  February  2,  1942.  Nine  young  were  born  on 
August  11,  1912.  rhey  seemed  normal  in  everv  wav.  altliough  one  was  about  10 
per  cent  shorter  than  its  iellows;  howevei  ,  such  rimts  are  by  no  means  unusual  in 
rattler  broods.  Five  of  the  young  snakes  were  preserved  about  two  weeks  after 
birth.  It  was  hoped  to  raise  the  other  four;  however,  one  escaped  from  its  cage 
shortly  thereafter  and  was  not  seen  again.  By  the  following  spring,  only  one  of 
three  that  remained  had  fed.  although  food  had  been  repeatedly  offered  to  all, 
and  the  other  two  were  preserved  on  February  27»  1943.  It  is  not  thought  that  thefr 
refusal  to  take  food  was  in  any  way  the  result  of  their  mixed  parentage,  for  it  is 
often  difTicidt  to  get  young  rattlers  to  feed  in  capti\  ity.  At  the  time  these  two  were 
prcscr\ed.  they  had  grown  hardly  at  all  since  birth,  but  the  one  that  had  accepted 
food,  a  male,  had  far  outstripped  them  in  size.  This  specimen  became  a  vigoious 
adult  (fig.  4:5),  and  lived  until  December  24,  1951.  thus  attaining  an  age  of  over 
nine  years.  We  were  never  able  to  demonstrate  its  fertility,  although  it  was  given 
the  opportunity  to  mate  with  individuals  of  several  other  species,  including  those 
represented  by  its  parents,  helleri  and  ruber.  There  may  have  been  something  amiss 
with  its  sense  of  sex  recognition,  as  it  courted  males  and  attempted  to  dance  with 
females — norinally  a  strictly  male  with-malc  activity. 

or  the  eight  hybrids  out  of  nine  that  were  eventuallv  jireserved,  there  were  four 
males  and  ioin-  females.  Supei  ficially  those  preserved  as  juveniles  were  nuuh  like 
the  young  o£  helleri  at  the  same  age,  thus  strongly  resembling  the  father;  tliey  wei  e 
considerably  darker  than  any  ruber  of  this  size.  The  supraocular  cross-dashes  so 
characteristic  of  young  helleri  were  present  in  some  but  absent  in  others;  and  the 
light  stripe  from  the  eye  to  the  angle  of  the  mouth  was  thinner  than  in  helleri. 
The  posterior  half  of  the  tail  was  bright  yellow  as  in  helleri,  but  superimposed,  at 
least  to  a  slight  extent  in  all  specimens  and  strongly  in  some,  were  the  dark  rings 
of  ruber.  The  two  juvenile  ^  that  were  longest  retained  alive  had  begun  to  de\  elop 
a  rechlish  tinge  within  the  diamonds.  The  one  that  li\ed  to  become  an  adult 
changed  greaily  from  its  juvenile  color,  and  eventually  diflcred  from  either 
parental  type,  for  it  became  tan  with  olive-brown  blotches.  The  tail  had  irregular 
blade  crossbands  with  punctated  gray  between.  Except  for  the  tail,  this  specimen 
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resembled,  more  than  any  other  variety  of  rattler,  the  nortliern  Pacifies  (C.  v. 
oreganus)  inliahiting  the  arid  west  side  of  the  San  Joaquin  Valley,  or  the  Mojave 
rattler  (C.  s.  scululatus). 

In  scutcllation,  the  hybrids  fall  between  the  parental  forms.  C.  v.  Iiclleri  and 
ruber  do  not  differ  in  all  categories,  by  any  means,  but,  where  ihcy  do,  the  hybrids 
are  intermediate.  C.  v.  helleri  usually  has  25  scale  rows,  but  often  has  27  and,  rarely 
23  or  29.  C.  r.  ruber  usually  has  29,  but  often  27  or  31,  and,  very  rarely,  25;  the 
mother  of  the  hybrids  had  29.  The  hybrids  have  25(3),  2()(1),  and  27(4).  The  ventral 


-1:5.  Adult  male  hybrid  ratilcsnakc.  Tatlier  a  soiilhcrii  Pacific:  rattlesnake  (C.  v.  helleri); 
mother  a  red  diamondl)ack  (C.  r.  ruber).  This  snake  and  its  parents  arc  shown  in  color  in  the 
frontispiece  of  volume  II. 

scales  in  the  male  hybrids  (with  one  exception)  number  more  than  the  highest 
ever  recorded  in  male  helleri,  and  close  to  or  above  the  recorded  limit  in  the  case 
of  the  females.  .All  except  one  are  within  the  normal  ruber  range,  but  below  the 
average.  The  caudals  and  the  labials  overlap  in  the  two  species  so  that  the  trentls  in 
the  hybrids  are  in  no  way  significant. 

There  is  one  scale  characteristic  more  often  found  in  ruber  and  its  relatives  than 
in  any  other  rattler;  and  another  pecidiar  to  lirlleri  and  iclated  subsjjccies.  As  to 
the  fust,  somewhat  over  90  per  cent  of  the  red  diuniunds  lia\c  cliviclcd  first  in- 
fralabial  scales,  yet  none  of  the  hybrids  had  this  peculiarity.  Unfortunately,  the 
mother  also  lacked  it,  which  may  partly  explain  its  nonapj>earance  among  the 
offspring. 

The  southern  Pacific  peculiarity — in  common  with  other  subspecies  of  the 
western  rattlesnake  (C,  ifiridis) — is  the  possession  of  more  than  2  internasals.  More 
than  90  per  cent  of  specimens  of  helleri  have  more  than  2  internasals,  whereas  ruber 
always  has  but  2  only.  Among  the  hybrids  three  had  2,  three  3,  one  1,  and  one  5. 
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The  lather  had  3.  I  hus,  the  hybrids  exhibit  a  tendency  to  inherit  this  anomaly  of 
the  fatlicr's  race,  ahhough  the  proportion  with  only  2  internasals  (37''-:  per  cent)  is 
nui(h  greater  than  is  normal  in  helleri.  In  ruber  there  arc  usually  jjrciovcals  or 
postrostrals  between  the  prenasals  and  the  first  supralabials;  in  helleri  such  scales 
are  rarely  present.  In  the  hybrids  they  are  present  in  II  out  of  16  counts,  so  the 
compromising  effect  of  the  mixed  parentage  is  again  evident. 

The  red  diamond  rattler  is  a  somewhat  larger  rattlesnake  than  the  southern 
Pacific.  It  is  of  interest  to  record  that,  except  for  the  runt,  the  hybrids  at  birth  were 
fully  10  per  cent  longer  than  is  normal  for  the  young  of  the  larger  subspecies.  Red 
diamond  and  southern  Pacific  rattlesnakes  occur  together  over  large  areas  of 
southern  and  Raja  California.  Vet  hybridization  in  the  wild  nuist  he  of  very  rare 
()C(  wi  re  ne  e,  since  only  one  In  hrid  has  been  brought  in  to  our  local  scientific 
institutions  dining  the  past  30  years. 

1  he  second  instance  of  hybridization  among  rattlesnakes  at  the  San  Diego  Zoo 
involved  a  male  Mojave  rattlesnake  (C.  s.  scutulatus)  from  near  Tucson,  Arizona, 
and  a  female  Aruba  Island  rattler  (C.  unicolor).  The  mating  was  an  entirely 
accidental  one,  that  is  to  say,  the  snakes  had  been  put  in  a  cage  together  only 
because  separate  cages  were  lacking.  The  mating  was  not  actually  seen,  although 
the  male  had  been  observed  courting  the  female  on  several  occasions.  There  was 
anotlicr  male  in  the  cage  at  the  time,  a  C.rcat  Hasin  rattler  (C.  t.  liitn\tts),  but  it 
did  no  conning,  and,  besides,  the  resemhlaiuo  ol  the  young  to  the  M<)ja\c  rattler 
leave  no  doubt  as  to  their  paternity.  No  male  utiicolor  was  present  in  the  cage  at 
the  time  breeding  must  have  occurreil,  And,  although  one  was  introduced  later, 
both  the  character  of  the  young  and  the  time  element  involved  prevented  this 
snake  from  having  been  considered  the  father.  The  mother  was  about  a  year  old — 
she  had  a  five-rattle  complete  string— when  she  arrived  at  the  zoo  in  August  of 
1946.  Four  young  were  bom  June  10,  1948,  at  which  time  the  mother  had  10 
rattles,  and  presimiably  was  somewhat  over  two  years  old. 

The  two  suhsjiccics  involved  do  not.  of  course,  ever  meet  in  the  wild,  since 
C.  utii(()!()t  is  loiuul  only  on  Aruba  Island,  off  the  coast  ol  \'cne/uela.  and  C.  s. 
s<  iiitilalus  inhabits  the  southwestern  United  States  and  noi  thern  Mexico;  however, 
two  related  forms,  the  Huamantlan  rattlesnake  (C.  scutulatus  salvini)  and  the 
Central  American  rattlesnake  (C.  durissus  durisstts)  do  occur  together  in  Veracruz, 
where  they  might,  but  probably  do  not,  hybridize. 

The  four  F,  (first  generation)  members  of  this  brood,  now  fully  adult,  are  still 
alive  at  this  writing  (June  1.5,  1954)  and  theiefore  detailed  morphological  studies 
cannot  be  made.  Su))erntiallv  they  look  nnith  like  Mojave  rattlesnakes,  although 
the  colors  and  markings  are  brighter  and  moic  clean-cut  than  is  usual  in  that 
subspecies  (fig.  !:()).  They  are  tan  instead  of  green,  as  aie  most  sjKciiiuns  of 
scutulatus;  however,  tan  or  brownish  specimens  do  occur  in  parts  of  Arizona.  I  he 
paravertebral  stripes  on  the  head  and  neck  typical  of  the  durissus  group  are  present 
only  on  the  heads  of  three  specimens,  but  do  extend  for  about  a  head-length  onto 
the  neck  of  the  fourth.  (The  father  also  had  a  neck  stripe,  an  occasional  aberrancy 
in  scutulatus.)  The  light  unmarked  scales  that  border  the  dorsal  blotches,  as  noted 
in  normal  sm  tulatus,  ok  present,Thc  tail  rings  are  alternately  black  and  |nuu  taicd 
gray;  in  this  they  arc  a  compromise  between  the  shaiply  contrasting  black  and 
light-gray  rings  ot  scutulatus,  and  the  almost  patternless  dark-gray  tail  of  unicolor. 
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The  first  lobe  of  the  rattle  matrix  is  mottled,  as  in  scululatus.  The  patterns  dis- 
appear in  adult  specimens  of  unicolor  but  no  such  tendency  is  evident  in  this  brood 
at  an  age  of  six  years. 

C.  unicolor  is  characterized  by  a  vertebral  ridge;  although  this  is  less  conspicuous 
than  in  the  mainland  subspecies,  durissus  and  ierriftcus,  it  nevertheless  is  more 
prominent  in  unicolor  than  in  scutulatus.  The  hybrids  possess  this  ridge  to  a  minor 
degree.  In  the  four  hybrids,  the  button  widths  vary  from  .5.0  to  .5.4  mm.,  with  a 
mean  of  5.2.  This  is  larger  than  the  buttons  in  unicolor,  which  average  3.4;  in 
scutulalus  the  average  is  .5.7  mm.,  and  thus  the  hybrids  slightly  favor  the  father. 


Fig.  -1:0.  Adult  male  Inhrid  rattlt'snakc.  Father  a  Mojave  laillcsnake  (C.  s.  sruiulaius);  mother 
an  Aiuha  Island  rattlesnake  (C  unicolor).  (Photoijraph  by  O.  E.  Kirkpatritk.) 

.Since  birth,  these  lour  F,  scuiulnius-untcolor  hybrids  have  been  kept  together, 
but  isolated  from  other  snakes,  and  the  single  female  has  given  birth  to  no  less  than 
five  1".,  (second  generation)  broods.  Whether  the  same  male  was  lesponsiblc  for  all 
five  broods  is  not  known;  it  is  probable  that  the  first  and  thiid  broods  had  ihe 
same  father,  as  mating  was  observed.  A  second  male  was  seen  to  be  courting  prior 
to  the  birth  of  the  second  brood.  The  statistics  of  the  five  broods  arc: 


Brood 

Date  of 

Living 

Dead 

Defective 

nnndjcr 

birth 

young 

young 

1 

4-28-5I 

5 

1 

1 

2 

3-20-52 

5 

S 

1-20-53 

10 

3 

1 

4 

7-21-53 

8 

1 

1 

5 

618-54 

6 

Total 

34 

5 

S 
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"I'lic  a\cragc  interval  between  Ijioocis  was  nine  and  a  hall  niontlis,  and  the 
mininutni  si.v  months,  a  surprisingly  short  time.  1  he  gchiation  periods  ior  the  first 
and  third  broods  ivere  170  and  187  days,  respectively. 

Lest  the  proportion  of  dead  young  and  infertile  eggs  in  these  broods  be 
charged  against  hybridization,  the  following  statistics  of  pure  unicolor  broods 
bom  to  the  mother  of  the  scutulatus-unicolor  brood  subsequent  to  the  birth  of 
that  brood  are  given: 


Brood 

Date  of 

Living 

Dead 

Defective 

number 

birth 

young 

young 

egg» 

1 

6-27-51 

1 

2 

6 

2 

6-  5-52 

7 

2 

S 

5-13-53 

8 

1 

1 

4 

4*  5-54 

7 

Total 

23 

3 

9 

It  will  he  obNd  v(  (l  tliai  the  proportion  ol  the  defectives  was  no  greater  in  the  F, 
hybrid  broods  iJian  in  the  pure  unuolor  broods. 

To  date,  the  /oo  has  not  bet  n  successiul  in  bringing  any  of  the  F.,  hybrids  bcvond 
the  juvenile  stage,  despite  clforts  to  get  thcni  to  feed.  I  hree  ol  brood  No.  3  did  cat 
but  still  did  not  survive.  As  this  is  written,  one  of  the  fifth  brood  is  still  alive  at 
an  age  of  1%  years.  B.  H.  Brattstrom  made  an  anatomical  examination  of  the 
iirst  F,  brood  and  found  among  the  five  born  alive  and  apparently  normal  that 
three  lacked  a  proper  differentiation  of  the  stomach  from  the  rest  of  the  digestive 
tract,  besides  which  two  of  these  had  unusually  small  hearts,  livers,  and  reproduc- 
tive organs. 

Since  snittilatus  and  uniiolor  are  not  greatly  dissimilai  in  nianv  thar.ictcis.  to 
see  vvlieihcr  ibc  hybiiUs  arc  intei mediate  it  is  necessary  to  investigate  those  char- 
acters showing  the  widest  divergence.  These  are  the  ventrals,  the  scales  anterior  to 
the  supraoculars,  certain  other  head  scales,  and  the  body  blotches.  C.  unicolor  is 
lower  than  scutulatus  in  ventrals,  but  there  is  virtually  no  gap  between  the  maxi- 
mum unicolor  counts  and  the  lowest  scutulatus.  The  F,  hybrids  all  fall  within  the 
scittulattis  range,  although  well  below  the  average  for  that  species. 

The  best  evidence  of  the  intermediate  character  of  the  hybrids  is  furnished  by 
the  scales  in  the  iniernasal-|)refrontal  aiea  of  the  crown.  In  3.')  out  of  sjii  ciniens 
of  unuolor  these  scales  (not  tomuing  supi aloi eais )  innnl)ered  1;  the  othei  had  5. 
In  scutulatus  they  range  from  (i  to  20,  or  more,  with  an  average  of  about  12. 
Specimens  with  fewer  than  8  are  exceedingly  rare;  only  3  out  of  479  had  as  few 
as  6.  In  the  F,  hybrids,  these  scales  numbered  4(1),  5(1),  and  6(2);  in  the  hybrids 
4(11),  5(3),  6(6),  7(6).  8(5).  9(2).  11(1).  13(1),  mean  6.5.  It  will  be  observed  that  the 
counts  have  an  inteiniediate  tendency,  but  that  the  dispersion  increases,  and  this 
toward  scutuf'tfns.  in  the  F,  brocnls.  Fhe  same  trend  is  observable  in  certain  other 
head  scales,  loi  (li\ided  fnst  inlralabials.  intergenials,  and  snbmeinals  aic'  of 
ircc|nent  occuirence  in  unicolor  but  rare  in  scutulatus.  In  the  hybrids  they  are 
present  with  an  intermediate  frequency. 

The  body  blotdies,  whidi  are  fewer  in  unicolor  than  in  scutulatus,  tend  also 
in  the  hybrids  to  fall  low  in  the  scutulatus  range.  The  statistics  are:  unicolor  18  to 
28,  mean  23.2;  scutulatus  27  to  44,  mean  36.6;  hybrids  26  to  38,  mean  32.9.  The 
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hybrids'  blotches  arc  much  more  irregular  in  color,  size,  and  shape  than  is  normal 
in  cither  parent  species.  Paravertebral  stripes  are  evident  on  the  neck  in  most 
specimens,  but  they  are  shorter  than  is  usual  in  unicolor;  they  are  not  normal  in 
scutulatus,  although  they  were  present  in  the  father  of  the  Fj  brood.  Two  F, 
specimens  have  long  mid-body  streaks.  The  tail  rings  also  are  intermediate,  for 
they  are  more  evident  and  darker  than  in  unicolor,  but  less  sharply  outlined  than 
in  scutulatus. 


Fig.  1:7.  Adult  female  hvbrid  rattlesnake.  Fatlu  r  a  iiortlicin  Pacific  rattlesnake  (C.  i'.  oregatiits); 
mother  a  Mojave  raltlcsnakc  (T.  s.  ^<  ulitlalin).  (Bred  in  captivity  by  Sherburne  F.  Cook,  Jr. 
Photograph  by  G.  E.  Kirkpatrick.) 

It  is  of  particular  interest  to  note  the  intcrmcdiacy  of  these  hybrids  with  rcs|x;ct 
to  mcristic  characters,  for  many  animals  in  which  hybridization  has  been  studied 
do  not  have  countable  chaiacters. 

Sherburne  F.  Cook,  jr.,  of  the  University  of  California,  Berkeley,  had  a  brood 
of  hybrids  resulting  from  the  mating  of  a  male  northern  Pacific  (C.  t'.  oreganus) 
from  Mt.  Diablo,  Contra  Costa  County,  California,  with  a  female  iMojave  (C.  s. 
scutulatus)  captured  one  mile  north  of  Mojave,  Kern  County,  California.  The 
snakes  mated  in  May  of  1952  and  12  yoimg  were  born  in  October.  Two  of  the 
young  died  within  a  few  months  after  birth  and  were  not  preserved.  Of  the  rest, 
three  are  still  alive  at  the  San  Diego  Zoo  at  the  age  of  three  years;  the  remaining 
seven  have  been  preserved,  and  are  now  in  my  collection  through  the  courtesy  of 
Mr.  Cook. 
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The  j):uciU  sul)Sj)cci(  s.  whose  ranges  may  overlap  in  the  soulheiisici  ly  fringes  of 
the  1  chaihaj)i  Mouniaiiis  in  Kern  County,  California,  do  not  differ  in  the  more 
important  scale  series  such  as  dorsal  scale  rows,  ventrals,  and  labials.  Their  most 
important  differences  lie  in  the  scales  on  the  top  of  the  head,  for  the  scutulatus 
scales  on  the  crown  are  less  subdivided  than  those  of  oregantts.  The  following 
statistics  show  the  dcgiee  to  which  the  liybrids  are  intermediate:  C.  s.  scutulatus, 
like  most  rattlesnakes,  has  two  int(  i  nasals;  of  oregnnus  only  about  1  J  per  cent  have 
less  than  three.  Among  the  hybrids  the  counts  are:  2(f}),  1(2).  ;ind  .')(2).  The  scales 
occ  upyin,n  the  intei  tKi'>al-|)rerrontal  area  in  scutulatus  rangi'  Iroin  (i  to  21.  with  an 
average  of  II..");  in  orcgunus  tiiey  range  from  10  to  16,  with  an  average  of  24.3. 
In  the  hybrids  the  spread  is  from  13  to  25,  with  a  mean  of  18.  Finally,  there  are  the 
minimum  intersupraoculars.  In  scutulatus  these  usually  number  2,  although  there 
may  be  as  many  as  4.  The  mother  was  somewhat  anomalous  in  that  she  had  S.  In 
oreganus  the  range  is  from  2  to  9,  most  specimens  having  4  (17  per  cent),  5  (30  per 
cent),  or  6  {T^  per  cent).  The  hybrid  brood  li.is  this  <listril.ution:  3(1),  1(4),  5(1), 
6(1).  It  is  cvideii'  'l  it  as  was  true  of  the  otiier  hybrids,  in  these  mcristic  characters 
of  scju;unation  these  lubiids  are  intermediate  between  the  j)arent  races. 

In  jxittern  the  hvljrids  are  ludike  either  pat  ent.  I  he  dorsal  hlotc  lies  ai  e  unusually 
large,  and  foin  specimens  have  blotches  that  merge  into  longitudinal  stripes, 
jx>stcriorly  in  three,  and  both  on  the  neck  and  near  the  tail  in  the  other  (fig.  4: 7).  As 
is  characteristic  of  specimens  of  C.  v.  orr<^tinus  from  northwestern  California,  as 
they  age,  the  hybrids  tend  to  lose  the  marks  on  the  sides  of  the  head  below  and 
forward  of  the  postocular  dark  streaks,  thus  becoming  white-faced.  The  body  color- 
ation.  otherwise,  is  intermediate  between  oreganus  znd  scutulatus. 

.Although  no  other  cases  of  hyhi  idi/ation  among  rattlesnakes  are  known  to  me  at 
present,  1  ha\e  no  doubt  that  oiln  is,  both  in  the  wild  and  among  (  apli\e  spec  imens, 
will  hi-  in  c\ iilcncc  lioui  lime  lo  time.  At  the  San  Diego  Zoo,  i.ittlcis  of  one 

species  have  often  been  observed  courting  those  of  others.  Davis  (1936,  p.  268)  has 
reported  the  mating,  in  captivity,  of  a  male  northern  blacktail  (C.  m.  molossus) 
with  a  female  western  diamond  (C.  atrox).  Whether  the  union  proved  fertile  is  not 
known.  W.  E.  Haast,  of  Kendall,  Florida,  informed  me  that  he  had  observed  atrox 
and  adamanteus  mating  in  captivity.  No  doubt,  in  time,  experiments  in  artificial 
insemination  will  be  successful. 


5.    The  Rattle 


Historical 

The  rattle  is  the  peculiar  attribute  of  the  oroiip  of  New  W'orlil  snakes  that  form 
the  subject  of  this  study.  This  reniarkaljlc  appentlajic,  uliosc  purjxisc  has  Iiccn 
a  source  of  speculation  and  (ontroversy  ever  since  these  snakes  were  first  observed 
by  European  naturalists  with  an  astonishment  approaching  incredulity,  is  a  fruit- 
ful subject  of  research.  For  we  have  in  this  organ  a  mediaiiisiii  that  is  unique 
in  both  development  and  function;  and  it  is  worth  while  not  only  to  study  it  as  a 
queer  animal  instrument,  with  its  parts  unchanged  by  growth  and  time,  but  to 
follow,  also,  the  gradual  emergence  of  accounts  of  the  rattle  from  a  plane  of  myth 
and  folklore  to  one  of  understanding,  although  admittedly  with  problems  still 
unsolved. 

First,  as  to  tlie  (U  velDpnu  nt  of  F.uropean  knowledge  of  the  rattle  and  the  origin 
of  some  ol  tlie  j)eculiar  beliefs  as  to  its  structuie  and  use:  I'lie  e:n  bc>t  reference 
to  the  rattle'  in  print,  as  fur  as  1  have  been  able  to  determine,  was  made  by 
Magalhaes  de  Gandavo  in  1578  (fol.  24";  Stetson,  1922,  vol.  2.  p.  63).  In  this  short 
account  two  important  ideas  were  presented:  First  the  myth — persistent  for  two 
hundred  years  or  more  thereafter — that  the  rattle  sounds  whenever  the  snake 
moves;  and,  second,  that  passersby,  when  they  hear  the  rattle,  avoid  the  snake. 
In  this  second  statement  tin  re  is  a  suggestion  both  of  the  accepted  theory  of  the 
function  of  the  rattle  and  ol  its  origin  and  d(  \  c  lojMnent. 

The  first  mention  of  the  lattle  in  English  referred  only  to  its  use  by  the  Inch'ans 
as  an  ornament;  this  is  contained  in  an  account  of  Virginia  by  Captain  John  Smith 
(1612,  p.  20). 

The  indestructible  rattle-per-year  myth  was  first  stated  in  print  by  Hernandez 
in  1615  (foL  192^;  he  likewise  observed  (correctly)  that  the  rattle  was  sounded 
furiously  when  a  snake  is  angry  or  molested.  Hernandez'  work  subsequently  went 
throi^h  two  Latin  editions  (1628.  p.  328;  1651,  p.  328),  and  was  plagiarized  by 
Niercmberg  (16,^.5,  p.  208),  who  is  often  given  the  credit  for  Hernande/'  discov- 
eries. The  ratlle-per-ycar  theory  was  also  nientioned  bv  \','i/c]ue/  de  Kspinosa  in 
1629  (1948.  p.  197).  and,  in  1018,  bv  Ixxh  Tiso  (p.  11)  and  M.iregravius  (p.  240). 
Piso  was  the  first  to  publish  the  belief  that  tiie  rattle  itself  is  a  dangerous  weapon — 
more  deadly,  in  fact,  than  the  snake's  fangs  and  venom.  This  myth  was  current 

'  Cic^u  lie  Lcui)  (1551,  fol.  25)  had  tiiciuioncd  tiic  snake,  but  not  die  rattle. 
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for  a  time,  l)ut  dit  cl  out  a  liuiulixcl  years  or  so.  Marci;ra\ius  was  the  fust 

to  describe  tlic  conijx)sition  and  color  of  the  rattle.  Jonsioiius  (1()33,  p.  26;  IG.")?, 
p.  23),  whose  natural  histories  became  deservedly  popular,  was  the  means  of 
giving  a  more  widespread  circulation  to  the  opinions  of  Hemindez  (via  Nierem- 
berg).  Marcgravius,  and  Piso.  He  gave  due  credit  to  his  sources. 

Glover  (1676,  p.  631)  was  the  first  to  attribute  the  warning  effect  of  the  rattle 
to  Divine  Providence.  Grew  (1681,  ji.  50)  gave  the  first  adequate  descrijjtion 
of  the  internal  structure  of  the  rattle.  He  clearly  undei  stood  the  multiplication  of 
the  sound  produced  by  tlie  clashing  of  the  successive  lobes  ai^ainst  each  other. 
He  doubted  that  the  rattlrs  indicated  acc  uratelv  the  age  of  the  snake,  and  found 
no  verification  of  Piso's  theory  that  the  rattle  itself  is  a  dangerous  instrument,  a 
belief  denied  by  Tyson  (1683,  p.  53)  as  well.  Tystju  noted,  correctly,  that  the 
flat  side  of  the  rattle  is  perpendicular  to  the  ground,  rather  than  parallel  as  shown 
by  Nierembeig  in  a  picture.  This  is  often  misunderstood,  even  to  the  jMresent  day. 

Clayton  (1693,  p.  126)  stated,  quite  erroneously,  that  young  rattlers  have  no 
rattles  for  a  year  or  so  after  birth.  He  was  probably  confused  by  the  yon  ng  of 
some  other  kind  of  snake,  but,  at  any  rate,  this  notion  still  persists.  He  likened 
the  rattle  substance  to  that  of  a  horn  or  fingernail.  Beverly  (1722,  pp.  61.  L'61) 
was  one  of  tlic  first,  if  not  the  first,  to  state  tliat  the  rattle  is  invariably  sounded 
as  a  warning  before  the  snake  strikes.  Kalni  (1752-53,  p.  316)  questioned  this 
supposed  altruism  of  the  rattler,  but  this  bit  of  folklore  is  still  widely  accepted. 

Dudley  (1723,  p.  294)  was  the  originator  of  the  exaggerated  rattle  string,  for 
he  tells  of  the  killing  of  a  rattlesnake  with  70  to  80  rattles,  a  yarn  often  recurring 
in  subsequent  accounts;  he  also  (p.  293)  was  the  first  to  report  that  the  Indians 
were  afraid  to  travel  through  the  wootls  in  wet  weather,  since  the  dampness 
rendered  the  warning  rattle  inaudible.  He  further  stated  that  when  one  rattler 
sounded  off.  all  those  ni  the  vicinity  would  take  up  the  chorus;  it  had  jneviously 
been  reporietl  by  Neal  (1720,  p.  374)  that  the  rattle  was  used  by  a  snake  as  a 
call  upon  its  fellows  for  assistance. 

The  early  writers  inferred  a  bell-like  sound  to  the  rattle,  which  probably  few, 
if  any,  had  ever  actually  heard  as  vibrated  by  a  live  snake.  The  English  no  doubt 
got  the  bell  idea  from  the  translation  of  the  Spanish  cascahel,  and  Portuguese 
cascavel,  words  for  the  rattle — as  well  as  the  snake — used  by  the  early  explorers. 
This  characterization  of  the  noise  was  related  to  the  erroneous  idea  that  the  tattle 
is  sounded  automatically  whenever  tlie  snake  moves.  The  earliest  approju  iate 
description  ol  the  soiuid  was  that  of  Megapolensis  (1611;  1909,  p.  169),  wlio  likened 
it  to  that  of  a  cricket.  Since  crickets,  locusts,  and  cicadas  were  often  confused  in 
those  days,  it  is  possible  that  he  had  a  cicada  in  mind,  tot  the  sound  produced 
by  some  dcada  species  does  strongly  resemble  that  of  a  rattle.  Budd  (1685,  p.  35) 
thought  the  sound  similar  to  that  of  a  child's  rattle.  Kalm  (1752-53,  p.  313)  likened 
it  to  that  of  many  spinning  wheels  heard  at  a  distance,  a  much  less  appropriate 
simile. 

.Statements  regarding  the  rattle  that  were  made  in  the  carlv  davs.  but  not  pub- 
lished until  many  years  later,  diil  not.  of  coinse,  afk  et  eonteiiijiorai  y  thought; 
however,  they  arc  of  interest  in  indicating  what  the  opinions  then  current  may 
have  been.  Scares  de  Sousa  (1938,  p.  308),  writing  in  1587  of  the  wonders  of 
BrazU,  presented  these  facts  about  the  rattle:  The  noise  made  resembles  that  of 
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a  bird  lure;  the  rattle  sounds  whenever  the  snake  moves,  thus  warning  people 
away;  the  Indians  believe  the  rattle  itself  to  be  very  dangerous;  the  number 
of  rattles  indicates  tlie  a^e  of  the  snake,  for  a  new  rattle  is  acquired  each  year. 
Since  similar  ideas  were  sul)se<]uent]y  advanced  by  Hernandez,  Piso,  and  others 
who  are  not  known  to  have  had  access  to  de  Sousa's  manuscript,  we  may  assume 
that  these  beliefs  were  cuirent  among  the  natives,  and  were  not  European  inven- 
tions, as  were  some  of  the  notions  r^rding  rattlers  subsequently  attributed  to  the 
natives. 

To  Hernandez  belongs  the  credit  for  the  first  published  picture  of  a  rattlesnake 
and  its  rattle  (1628,  p.  329).  It  shows  a  coiled  rattler  (fig.  17:1,  this  book),  with  the 
rattle  pressed  too  close  to  the  body  for  a  clear  view,  although  it  is  accurately 
drawrj.  Niereniljerg  (1635,  p.  2t)8).  who  plagiarized  Hernantlc/.'  work,  improved 
the  picture  hy  showing  the  rattle  somewhat  separated  from  the  bodv  coil  (fig. 
17:2);  however,  the  rattle  is  turned  as  if  it  were  carried  with  ilie  widest  face 
parallel  to  the  ground,  instead  of  perpendicular  as  is  actually  the  case.  Nierem- 
berg's  figure  was  subsequently  reprinted  (with  due  credit)  by  Jonstonus  (1653, 
plate  7;  1657,  plate  7)  and  by  Owen  (1742,  plate  6),  and  thus  was  given  a  wide 
circulation  through  these  popular  works. 

The  first  independent  picture  after  Hernandez',  was  probably  that  of  Piso 
(If)  18,  J).  \\),  which  shows  a  crawling,  rather  than  a  coiled  rattler  (fig.  17:3).  Other 
early  ilhistrarions  were  j^uhlished  by  Olearius  (1674,  plate  11),  Grew  (1681,  plate 
4),  and  Fysou  (1('kS->,  figs.  10-12).  Grew  shows  a  three-lobed  rattle  separated  from 
its  string,  and  Tyson  presents  the  first  picture  of  the  shaker.  Catesby  (1743,  vol.  2, 
plate  41)  was  the  first  to  show  a  cross  section  of  a  rattle  (fig.  17:5). 

This  concludes  a  summary  of  the  development  of  the  European  knowledge 
of  the  rattle.  I  have  treated  elsewhere  (p.  1196)  its  use  by  the  Indians  in  medicine 
and  for  ornamentation  (p.  1207).  In  other  chapters  there  will  also  be  found  the 
corresponding  uses  of  rattles  by  whites;  for  medicinal  uses  see  p.  1271,  and  for 
decorative  uses  p.  1059. 

FUNCTION  AND  UTILIZA  1  ION 
The  Function  of  the  Rattle 

The  literature  and  folklore  of  the  rattle  are  replete  with  speculations  upon  its 
function;  these  have  been  proposed  in  great  \arieiy  since  the  earliest  encounters 
between  man  and  rattlesnake.  Even  today,  when  there  is  a  practically  unanimous 
agreement,  among  those  hcrpctologists  who  have  had  a  wide  field  experience  with 
ratiiesn.ikes,  that  the  rattle  is  a  warninj;  mechanism,  the  statement  may  still  be 
seen  that  its  function  is  in  doubt  (Arnold,  1935,  p.  133;  Ditmars,  1936,  p.  337; 
Gillespie.  1937.  p.  1S2:  Curran  and  Kauffeld.  1937,  p.  51;  De  Lys.  1948.  p.  73: 
Devoe,  1951,  p.  226).  But,  as  one  reviews  the  literature,  one  notes  that  most  of 
the  criticisms  of  the  accepted  warning  theory  have  resulted  from  a  failure  to 
specify  the  circumstances  under  which  the  rattlesnake  employs  the  warning,  and 
the  character  of  the  creature  warned.  When  these  aie  defined,  the  usual  criti- 
cisms of  the  \\arning  theoiT  are  adecpiately  answered.  The  problems  that  remain 
concern  liie  evolution  of  so  remarkable  an  instrinnent. 

I  shall  first  review  some  of  the  theories  of  the  function  of  the  rattle  that  have 
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hccii  ach  aiu  Lci.  l  lu  sc  may  be  divided  iiilo  1  broad  ( alc  goi  it  s,  involving:  (1) 
pur|j(jses  otiier  than  the  ton ve\ ante  of  sound;  (2)  sounds  intended  lor  other 
rattlesnakes;  (3)  sounds  intended  for  prey;  (4)  sounds  aimed  at  other  creatures. 

Before  discussing  these  categories — and  each  is  divisible  into  a  number  of  sub- 
classes— shall  amplify  one  fact  that  has  a  bearing  on  the  credibility  of  several 
of  the  theories,  namely,  the  infrequency  with  which  rattlers  are  heard  to  rattle 
while  undisturbed  in  the  wild.  Certainly  it  has  been  the  experience  of  those  <rf 
us  who  live  in  areas  where  rattlesnakes  arc  quite  common,  that  we  almost  never 
luar  one  unless  we  ourselves  have  disturbed  it.  C^luueaubriand  (1828,  vol.  2, 
p.  KkV)  (lainud  that  the  lo\c  (alls  ol  llu'  laltkrs  were  the  onlv  soiuuis  to  strike 
the  car  of  the  traveler  at  noon  in  the  heat  of  the  forest  wilderness,  1  know  of  no 
one  who  has  heard  such  a  chorus,  or  has  had  an  experience  paralleling  that  of 
Roberts  (1930,  p.  185),  who  thought  he  had  heard  snakes  rattling  continuously 
all  one  night  in  British  Ck>lumbia.  I  can  only  presume  that  the  sounds  came  fnnn 
other  sources. 

Retmninj^  to  the  discussion  of  theories  of  the  purpose  of  the  rattle,  there  is, 
in  the  first  category — ^purposes  other  than  the  production  of  sound — only  one 
that  was  e\(  r  taken  seriously;  tliis  was  Piso's  claim  (Hi  IS.  p.  11)  that  the  rattle 
itself  is  a  ])oisonous  instrument,  more  dangerous  to  man  than  the  fangs  and 
\enom.  1  his  seems  to  have  been  a  widely  current  Brazilian  myth,  since  it  was 
mentioned  in  1587  by  Soares  de  Sousa,  whose  description  of  Brazil  was  not  actu- 
ally published,  even  in  part,  until  1825,  and  was  probably  unknown  to  Piso  in 
manuscript.  Although  this  belief  was  given  further  publicity  by  Jonstonus' 
popular  natural  history  (1653,  p.  2G:  1 057,  p.  23),  it  was  denied  as  early  as  1681 
by  Grew  (p.  51)  and  by  Tyson  (1683,  p.  53),  and  has  received  little  serious  con- 
sideration since. 

An  echo  of  this  idea,  ni  motlein  lolklorc,  is  llu  in\ili  ili.it  r.ilile  dust  is  poison- 
ous (Anon.,  1897,  p.  I'So;  Dresslar,  1907,  p.  19).  fiideed,  bpauiding  (19M,  p.  131) 
records  the  myth  that  a  snake  rattles,  not  to  make  a  sound,  but  to  shake  the 
poisonous  dust  into  an  intruder's  eyes. 

Garman  (1889,  p.  176)  thought  that  tail  vibration  by  snakes — a  widely  existing 
nervous  reaction  upon  the  part  of  a  threatened  or  angered  snake,  which  is  by 
no  means  restricted  to  rattlers — might  be  designed  to  protect  the  t  iil  Irom 
enemies,  or  to  dra\\'  the  attention  of  prey  away  fioni  the  threatening  lu  id  since 
this  ophitlian  tustoin  of  xihrating  the  tail  was  imj)ort;tnl  in  tlu-  genesis  oi  the 
rattle  itself,  these  hypotheses,  if  verified,  would  have  a  bearing  on  the  function 
of  the  rattle.  But  I  know  of  no  facts  supporting  them. 

The  first  of  the  functional  theories  involving  the  sound  of  the  rattle  assumes 
its  purpose  to  be  an  exchange  of  signals  between  rattlesnakes,  either  (a)  as  a 
matii^  call,  or  (b)  as  a  warning  to,  or  call  for  help  from,  other  rattlers. 

The  matii^-call  theory  was  popular  during  the  middle  of  the  last  century, 
receiving  support  from  Chateaubriand  (182S,  vol.  2,  p.  ](\V),  \\'iiertteml)erg 
(is:;.');  ]).  2r.:'>).  Putnam  (1872,  p.  (WM.  Augliev  (1S73,  p.  Coues  and 

Yarrow  (1S78,  p.  2(5:5).  Hopley  (1882.  p.  :n2).  lownsend  (1882.  p.  215),  IngersoU 
(1883a,  p.  10;  1884a,  p.  402),  and  Garman  (1883,  p.  xxvi);  and  more  recently  frcmi 
Babcock  (1929b,  p.  27),  De  Lys  (1948.  p.  7:i).  and  Moore  (1951,  p.  229).  Aughey 
(1873,  p.  85)  told  of  watching  a  snake  that  was  rattling  intermittently.  Shortly 
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another  rattler  made  its  ap{>earance  and  mating  ensued.  I'his  is  tlic  only  instance 
of  which  I  have  knowlcdi^e,  in  which  such  an  ocrurrrncc  was  daimcd  to  have 
been  ^vitiKsscd,  the  other  advocates  of  the  inatin<;  theory  either  basing  their 
opinions  on  supposed  logic,  or  on  Aughcy's  tale.  Kocnig  (I'JOG,  p.  49)  assumed 
that  male  and  iemale  rattlers  made  dillerent  sounds  with  their  rattles,  but  said  the 
difference  had  not  been  detennined. 

Against  the  mating  theory  various  arguments  may  be  advanced.  Moran  (1878» 
p.  262)  has  pointed  out  how  rarely  ttw  sound  of  the  rattle  is  heard  in  the  wild, 
which  fact  I  have  mentioned  previously.  Rattlesnakes  are  common  in  the  cltap- 
arral  and  desert  areas  of  southern  California.  From  observations  of  mating  pairs 
found  afield,  tlic  mating  season — about  1  weeks  in  the  spring — is  well  defined. 
It  is  inron( ei\able  that,  if  the  rattle  were  a  mating  (  all,  it  would  not  be  ficquently 
heard  during  this  climactic  period  of  rattlesnake  activity;  yet  it  is  not.  1  he  court- 
ing pattern  of  male  rattlesnakes  is  known  from  observations  of  large  numbers 
of  attempted  and  successful  matings  of  captive  snakes.  The  pattern  is  basically 
uniform,  that  Is,  much  the  same  among  the  many  different  kinds  of  rattlers, 
yet  in  no  case  has  the  use  of  the  rattle  been  noted.  Of  course,  if  a  rattler  intent 
on  mating  is  disturbed,  then  the  rattle  is  used,  but  only  as  a  warning  to  the  in- 
truder. Mitchell  (1903,  p.  3G)  stated  that  the  males  arc  especially  aggressive  and 
will  the  more  promptly  rattle  at  a  distutijcr  during  the  mating  season.  'I'll is  might 
be  coniused  by  an  inexperienced  ol)ser\er  with  the  use  of  the  rattle  as  a  sex  call. 

No  advocate  of  the  mating  theory  can  claim  that  the  mating  call  is  the  sole 
use  of  the  rattle,  for,  as  is  well  known,  immature  snakes,  when  disturbed,  sound 
the  rattle  as  readily  as  adults,  and  females  as  readily  as  males;  indeed,  the  freshly 
bom  infant  just  out  of  its  fetal  sheath  will  vibrate  its  soundless  button  and 
threaten  an  intruder  with  all  the  spirit  tA  its  elders.  Surely  this  instinctive  reac- 
tion can  have  no  relation  to  the  sexual  instinct.  Carman  (1883,  p.  xxvi),  in  advo- 
cating the  sex-call  theory,  claimed  that  the  rattle  of  the  courting  snake  was  used 
with  less  stridency  than  when  .sounded  in  anger.  Wuerttemberg  (183.5,  p.  265) 
suggestctl  the  use  of  an  artificial  rattle  to  decoy  romantic  rattlers  to  their  destruc- 
tion, a  suggestion  heard  ripeatetl  in  -San  Diego  County  within  the  last  few  years. 
But  we  must  conclude  that  the  extended  observations  of  recent  years  lend  no 
support  to  the  mating-call  theory. 

The  exchange  of  signals  between  rattlers  for  mutual  warning,  protection,  or 
attadc,  has  been  suggested  by  a  number  of  authors.  It  stems  from  the  observa- 
tion— ^which  has  a  factual  basis — that  when  a  group  of  rattlesnakes  is  gathered 
together  and  one  rattles,  several  or  all  mav  join  the  chorus  (Dutlley,  1723,  p.  293; 
Wesley,  1784,  cd.  1,  vol.  2,  p.  37;  Hopley,  1882,  p.  312;  Rutledge,  1931,  p.  616; 
1935,  p.  525).  A.  M.  Jackiey  liad  this  to  say  on  this  point:  "When  one  rattles, 
those  nearby,  whether  concealed  or  in  sight,  bcccjiiic  alarmed.  Whether  they 

sense  the  vibration  from  the  air  or  the  ground,  I  don't  know." 

This  suggestion  of  mutual  alarm  led  to  the  related  theory  of  mutual  assistance. 
Neal,  as  early  as  1721  (vol.  2,  p.  574),  had  presumed  that  the  rattle  served  as  a 

call  to  arms,  and  this  was  repeated  by  Oldtnixon  (1741,  vol.  1,  p.  187)  and  Gillam 
(1916,  p.  1S2).'  Aughey  (1873,  p.  86)  tells  of  a  rattler  attacked  by  hogs;  it  rattled 

*  I  lie  rail  stoiA  aildirts  c\cmiially  tarried  tliis  tall-to-arms  prt^tensity  to  iis  logical  roiu liivioti.  In 
eastern  Kansas,  so  they  sav,  ilic  tocsin  is  llaslicd  from  one  den  to  the  next,  and  st)oii  all  the  200 
million  rattlers  in  that  section  of  the  state  are  lattlini^  in  iini.son.  and  the  human  itdiahitants 
quickly  flee  to  their  cyclone  cellars  (Davidson.  liH3,  p.  188;  Davidson  and  Blake,  1947,  p.  270). 
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for  assistance  and  three  others  came  at  once,  to  their  own  destruction.  A  similar 
story  is  told  by  Chalmers  (1878,  p.  422);  and  Ingcrsoll  (188  !a,  p.  103)  states  that 
such  a  rcsjxinse  to  a  call  for  help  uas  observed  among  (apti\c  rattlers.  Kunze 
(1879,  p.  333)  thought  that  a  captive  snake  rattled  more  frecpientlv  as  the  time  of 
hibernation  approached,  and  therefore  presumed  the  sound  to  be  an  assembly  tall. 

Observations  of  a  great  many  captive  rattlers,  as  well  as  fidd  ocperiences,  lead 
me  to  place  no  credence  whatever  in  this  theory  of  mutual-aid  pacts.  True,  alarm- 
ing one  rattler  of  a  group  may  cause  others  to  rattle,  but  usually  this  can  be 
attributed  to  the  same  disturbance — a  visible  movement  of  the  intruder,  or  his 
foot-fall — that  caused  the  first  snake  to  be  aroused,  without  any  necessity  for  the 
assumption  that  the  alarm  was  communicated  by  the  rattle.  Indeed,  when  the 
first  snake  sounds  its  rattle  it  almost  always  rises  into  the  striking  coil,  and  this 
movement  may  well  alarm  its  fellows.  'Ihe  hoofbeats  ol  liogs  attacking  one 
rattler  would  certainly  alarm  others  within  a  considerable  radius,  which  ex- 
plains the  Aughey-CSialmers  stories. 

On  several  occasions  in  the  field,  I  have  come  upon  two  or  three  rattlers  to- 
gether. One,  alarmed  at  the  intruder,  would  rear  up  and  rattle  violently,  yet 
the  others  a  few  feet  distant  often  remained  quite  unperturbed.  C.  B.  Perkins 
has  observed  that  a  rattler  in  captivity  will  sometimes  rattle  when  a  second  snake 
approaches  food  that  the  first  has  struck  or  is  eating.  This  is  a  rather  natural 
extension  of  the  use  of  the  rattle  as  a  warning;  it  is  like  the  growl  of  a  dog,  and 
shows  that  rattleis  do  not  change  this  primary  purpose  of  the  rattle  when  using 
it  on  their  fellows. 

Finally,  as  a  conclusive  argument  against  either  the  mating-call  or  call-for-help 
theories,  the  fact  should  be  cited  that  rattlers  are  quite  deaf  to  the  sound  of  the 
rattle.  Elsewhere  (p.  S91)  I  have  discussed  the  hearing  ability  of  rattlesnakes; 
and  how  an  extraordinary  sensitivity  to  vibrations  of  the  substratum  upon  which 
a  snake  rests,  woidd  lead  one  to  suppose  that  rattlesnakes  can  hear,  whereas 
they  are,  in  fact,  quite  deaf.  Such  experiments  as  I  have  conducted,  wliich  are 
detailed  elsewlKre,  eonfnni  the  belief  originally  expressed  by  Manning  (1923, 
p.  247),  that  no  rattler  ever  heard  another's  rattle. 

A  number  of  theories  regarding  the  purpose  of  the  rattle  have  to  do  with  its 
effect  on  the  snake's  prey.  Concepts  within  this  category  suggest  the  following 
methods  of  use: 

To  charm  the  prey  with  twaet  loundi 

To  attract  the  attention  of  prey,  and  thus  to  bring  it  within  the  influence  of  the  snake's 

power  of  fascination — its  baleful  glance 
To  paralyze  the  prey  with  fright,  or  to  startle  it  into  immobility 
To  decoy  the  prey  through  curiosity 

To  lure  the  prey  i>y  an  imitation  of  the  dcada  or  some  other  insect,  or  by  an  imitation  of 

running  water 
To  warn  the  prey  to  escape 

The  many  writers  of  the  past  who  have  advocated  the  prey  theories  have  not 
always  made  the  sharp  distinctions  that  I  have  indicated  in  this  list;  often  they 

have  been  couched  in  such  generalities  as:  "The  rattle  is  a  means  of  securing 
prey."  But  I  think  a  survey  of  the  possible  validity  of  the  suggestions  will  be 
clarified  if  we  indicate,  in  each  case,  the  rattle's  presumed  method  of  operation. 
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Some  authors  liave  sugi^ested  tlic  use  of  the  rattle  as  a  warning  to  prey.  Others 
have  seized  upon  the  obvious  fallacy  of  such  a  theory- -predators  ncvei  warn  their 
victims — as  a  icfutation  of  the  entire  warning  theory.  1  shall  return  to  this  pe- 
culiar scniaiiLic  abeiraiion  in  due  course. 

In  considering  all  theories  suggesting  that  the  rattle  is  a  prey-securing  mecha- 
nism, it  is  necessary  to  mention  again  the  infrequency  with  which  undisturbed 
rattlers — I  mean  undisturbed  by  the  observer  himself — are  heard  rattling  in  the 
field.  Surely,  in  the  sjMring  in  snake-infested  areas,  the  hungry  snakes  would  be 
heard  everywhere  broadcasting  their  lures  or  charms,  and  rattler-collecting  would 
be  appropriately  expedited.  No  such  condition  exists.  As  early  as  1752,  Kalm 
(p.  317)  was  told  bv  the  Indians  tbai  the  snakes  never  rattled  when  lying  in 
wait  for  food,  antl  time  has  confirmed  the  accuracy  of  this  observation. 

Some  of  the  theories  of  the  charming  or  fasdnating  of  prey  by  ratilesnakes 
involve  the  use  of  the  rattle  as  a  part  of  the  procedure.  The  advocates  of  these 
theories  believe  it  effective  in  one  of  three  ways:  (a)  The  rattle  itself  diarms  the 
prey  by  its  attractive  sound  (Blumenbach,  1798,  p.  252);  or  (b)  the  rattle  draws 
the  attention  of  the  prey  to  the  snake,  whereupon  it  is  brought  within  the  in- 
fluence of  the  rattlers  hypnotic  eye  (Mead,  17-15,  p.  82;  1747,  p.  82;  S.  Smith, 
170'),  p.  50.5;  Wesley,  1770,  vol.  1.  p.  174;  1784,  vol.  2.  p.  35;  Shaw,  1802,  vol.  3, 
p.  322:  Rivers,  1874,  p.  508);  or,  (c)  the  prey  is  so  startled  by  the  rattle  as  to 
become  paralyzed  and  thus  an  easy  catch  (Gillani,  1916,  p.  132;  Dcvoc,  1945, 
p.  484). 

I  have  dealt  elsewhere  (p.  1252)  with  the  myth  of  the  rattlesnake's  power  of 
fascination,  which,  although  still  widely  current,  is  entirely  unsupported  by 
modem  studies.  With  regard  to  the  part  played  by  the  rattle  in  the  theories  of 
fascination,  the  following  a>mments  are  appropriate:  The  first  and  third  of 

the  proposals  listed  above  are,  of  course,  virtually  antithetical;  the  rattle  could  not 
at  once  be  both  attractive  and  paralyzing.  Blumenbach  got  his  information  from 
Major  Gardner,  of  Florida,  wlio  stated  that  the  Indians  caught  s(|uirrels  by 
imitating  the  sound  of  the  rattle,  liarion  (1800,  p.  13)  ie[)orted  that  inquiries 
among  the  Indian's  had  failed  to  verify  this  practice;  he  depioied  the  way  in  which 
European  scientists  were  imposed  upon  by  the  tall  tales  of  travelers. 

The  second  of  these  subtheories  requires  a  belief  in  the  mythical  power  of  the 
rattler  to  charm  with  its  eye.  Mead  (1745,  p.  82),  who  may  have  been  the  first 
to  suggest  this  use  of  the  rattle,  did  not  claim  that  it  was  backed  by  field  observa- 
tion; on  the  contrary,  he  merely  concluded  that  the  rattle  must  be  useful  to  the 
snake  in  some  way  and  this  was  evidently  its  beneficial  pur]X)se.  Others  have 
believed  in  the  j)Ower  of  fascination  because  they  thought  rattlers  too  la/\  and 
slow-moving  to  capture  prey  by  any  otber  metliod  than  some  form  of  i emote 
inlliiciicc,  which  overlooks  ihcir  abilily  to  aiiihusli  prey  or  to  follow  it  <lown  holes. 

Finally  we  have  the  theory  of  the  paralyzing  sound,  still  believed  by  some. 
Curran  and  Kauffeld  (1937,  p.  52)  were  told  by  a  naturalist  that  he  had  seen  a 
rattler  bring  a  bird  to  a  standstill  by  sounding  its  rattle.  One  cannot  state  cate- 
gorically that  no  bird  or  mammal  was  ever  startled  into  immobility,  but  it  is 

certaiidy  extremely  doubtfid  that  tlie  rattle  is  ever  deliberately  or  instinctively 
sounded  for  this  purpose.  In  the  particular  instance  cited,  assuming  the  observa- 
tion to  have  been  accurate,  the  snake  may  have  rattled  because  the  naturalist 
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disturbed  it,  rather  than  in  an  endeavor  to  halt  the  bird.  Kun/e  (1S79,  p.  W.)) 
has  pointed  out  that  the  sound  of  tlie  rattle  does  not  produce  tear  in  prey. 
Observations  of  captive  rattlers  indicate  that  if  the  rattle  does  startle  the  prey 
it  is  more  likely  to  cause  it  to  run  or  fly  away  than  to  be  paralyzed  with  fear  (see 
also  Garman,  1883,  p.  xxvi). 

The  other  theories  assigning  the  rattle  to  the  securing  of  prey  are  based  on 
the  premise  that  the  rattle  simulates  the  sound  of  tlie  pre\  of  some  creature  that 
the  rattler  seeks,  such  as  the  sound  of  the  cicada  that  birds  might  hunt.  That 
the  rattle  sounds  much  like  some  kinds  of  cicadas  or  locusts  is  unquestionably 
true,  but  that  the  snake  actually  bu//cs  the  rattle  to  attract  the  birds  is  to  be  very 
seriously  doubted,  although  suggesed  by  several  writers  (Shaler,  1872,  p.  33;  Bab- 
cock,  1929b,  p.  27).  Fitch  (1903,  p.  315)  thought  the  sound  of  the  rattle  to  be  like 
that  of  a  bee  and  believed  it  would  attract  phoebes  and  king  birds.  Garman  (1883, 
p.  xxvi),  Gillespie  (1937,  p.  132).  and  Ingersoll  (1884a,  p.  401)  all  doubt  the 
cicada  theory,  either  because  the  rattle  is  seldom  heard  in  the  wild,  because 
rattlers  seldom  eat  birds,  or  because  the  noise  would  tend  to  frighten  rathei  than 
to  attract  the  birds.  Some  authors  liavc  missed  tlie  point  of  the  cicada  iheoiy, 
basing  their  tlisbeliet  on  the  fact  that  rattlers  are  not  insect  eaters  (Lydekker, 
1896,  vol.  5,  p.  242).' 

Ingersoll  (1884a,  p.  401)  thought  that  birds  might  be  attracted  to  the  sound 
of  the  rattle  out  of  pure  curiosity,  but  not  because  of  a  fancied  resemblance  to 
the  sound  of  some  insect  In  a  letter,  the  late  A.  M.  Jacklcy  expressed  the  same 
idea:  "Under  some  circumstances  the  rattle  does  serve  as  a  lure.  It  is  not  to  be 
inferred  that  the  snake,  when  on  a  foray,  goes  along  shaking  his  rattles  to  attract 
his  prey.  I  don't  give  them  credit  for  that  much  intelligence.  The  facts  are: 
\Vhen  a  chipmunk,  horned  lark,  or  other  prey  approaches  a  rattle  r,  it  is  rinious 
and  clisjKised  to  investigate.  Tlicn  the  raltkr,  either  from  ner\ ohmios  or  design, 
gently  shakes  his  rattles,  and  the  bird  or  animal  retreats  only  to  become  more 
keenly  interested.  Finally,  their  curiosity  overcomes  their  fear  and  they  throw 
caution  aside,  with  fatal  results." 

£.  G.  Boulenger  (1914,  p.  185),  although  not  advocating  the  theory  himself, 
records  the  belief  that  the  rattle  may  decoy  thirsty  creatures  to  their  destruction 
because  of  the  resemblance  of  the  sound  to  that  of  running  water.  This  is  quite 
fantastic  since  there  is  no  such  resemblaiu  e.  In  (oiu  lusion,  it  may  be  stated  that 
no  exj>erien(  e  with  rattlers  in  tin  fu  Id  or  in  captivity  tends  to  encourage  credence 
in  any  of  the  various  jney-securing  theories. 

The  question  may  be  asked  whether  the  rattler  ever  uses  its  rattle  after  the 
prey  has  been  struck  or  while  swallowing  food.  I  have  already  mentioned  C.  B. 
Perkins'  statement  to  the  effect  that  a  snake  will  sometimes  twitch  the  rattle  if 
another  approaches  while  it  is  feeding  or  preparing  to  feed.  Mole  (1895,  p.  190) 
thought  a  rattler  would  be  all  the  more  ready  to  rattle  while  swallowing  prey 
because  of  its  defenseless  rondltion.  Kunze  (1870,  p.  ?>W)  nf)tcd  that,  when  nu're 
were  fed  to  a  rattler,  in  oiilv  2  out  ot  40  tinus  was  the  lattk  sounded,  and  on  both 
occasions  the  rattler  was  startled.  Mender  (niO"),  j).  ]'.'>)  canir  upon  a  latller  eating 

"Charles  Walcrlon,  by  sumc  queer  txuiision  of  this  theory,  ihoiighi  ihe  \  iljraliiig  rattle  looked 
like  a  pale  green  grasshopper  and  he  was  almost  bitten  when  he  tried  to  capture  the  insect 
(Aldington,  1949,  p.  69).  He  doesn't  say  that  it  also  sounded  like  one.  but  if  it  didn't,  why  did  he 
fail  to  note  the  sound? 
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a  brush  rabbit  and  simultaneously  sounding  tlic  rattle.  We  may  presume  that 
thr  snake  had  sensed  his  npproac hinti^  footfalls.  I  was  told  of  a  general  belief  in 
Louisiana  that  rattlesnakes  rattle  to  scare  other  creatures  a\va\.  thus  keeping 
them  from  stealing  the  snake's  prey.  But,  summarizing,  it  may  be  said  that  feed- 
ing rattlers  will  not  rattle  unless  disturbed. 

Before  jMPoceeding  to  a  discussion  of  the  warning  theory,  one  belief  that  misled 
the  early  naturalists  must  be  corrected,  this  being  the  entirely  erroneous  idea 
that  the  rattle  sounds  involuntarily  whenever  the  snake  crawls— clearly  the  pre- 
sumption  of  one  who  had  never  seen  a  live  snake  in  action.  This  statement 
occurred  in  one  of  the  first  printed  accounts  of  the  rattlesnake  (Magalhaes,  1576, 
fol.  24'";  Stetson,  1922,  vol.  2,  p.  fi'i),  and  was  repeatedly  reaffirmed  during  300 
years  (Pur(ha.s,  1625.  vol.  -1.  p.  1304;  Piso,  1618,  p.  11:  Jon.stonus,  1653,  p.  26; 
1657,  p.  23;  Wynne,  1770,  vol.  1.  p.  42;  Wesley,  1770,  vol!  1,  p.  173;  1781,  vol.  2, 
p.  36;  Goldsmith,  1774,  vol.  7.  p.  209;  Clavigero.  1787,  vol.  1,  p.  59;  Loskiel, 
1794.  p.  87:  Fleming.  1822,  vol.  2.  p.  293;  Holmes,  1823,  p.  257;  Murray,  1829, 
vol.  2,  p.  316;  Anon.,  1832b,  p.  99;  Bigland,  1844,  p.  136;  and  Unonius,  1950, 
p.  297). 

A  typical  expression  of  this  belief,  so  contrary  to  every  field  observation  or 
laboratory  lest,  is  that  of  Magnin  (1869,  p.  360):  "Imagine  these  [the  rattles]  con- 
stantly clattering  against  each  other,  as  the  reptile  moves,  with  a  hoarse,  dull, 
echoing  sountl,  ami  vou  will  be  able  to  form  some  idea  of  the  permanent  warning 
of  its  approach  which  the  Crotalus  carries  about  with  it." 

But  as  early  as  1634,  William  Wood  (p.  47)  said:  ". . .  at  her  taile  is  a  rattle 
with  which  she  makes  a  noyse  when  she  is  molested"  (italics  mine);  and  the  theory 
that  the  rattle  sounds  involuntarily  whenever  the  snake  moves  was  specifically 
denied  by  Mead  (1745,  p.  83;  1747,  p.  83),  followed  by  S.  Smith  (1765,  p.  506), 
Heauvois  (1799,  p.  369),  Ord  (1815,  p.  358),  and  Anon.  (1872b,  p.  642).  Occasion- 
ally, the  (ompromisc  statement  is  mack-  that  the  rattle  makes  some  noise  as 
the  snake  travels,  but  nnich  more  when  it  is  annoyed  (Zcishcr^cr,  1 910,  [).  70, 
liiu  written  in  1779-80:  C»ood,  18.');i,  p.  .5).  There  is  an  element  truth  in  this, 
lot  although  a  rattler  crawling  at  a  normal  gait  makes  no  sound  with  the  rattle, 
if  it  be  terrified  into  thrashing  along  as  fast  as  possible  through  brush  and  rocks, 
the  rattle  may  occasionally  strike  some  obstruction  and  be  audible  as  a  click. 
But  this  is  far  from  the  strident  hiss  of  the  deliberately  sounded  rattle;  and  any 
thought  that  the  rattle  can  be  heard  as  the  snake  goes  about  its  <»-dinary  affairs 
is  comjjletely  incorrect. 

Finally  we  come  to  the  real  purpose  of  the  rattle,  namely,  its  use  as  a  warning — 
not  a  warning  addressed  to  prey,  nor  the  altruistic  warning  ol  the  intiiider  for 
the  intruder  s  protection,  but  a  warning  or  threat  intended  to  drive  away  creatures 
that  might  harm  the  rattler  itself. 

When  we  consider  these  many  theories  that  have  been  suggested  to  explain 
the  fundamental  purpose  of  the  rattle,  it  is  at  once  apparent  that  the  usual  rattle- 
snake reaction,  which  is  almost  universal,  gives  strong  support  to  a  single  theory 
in  preference  to  all  others.  For  what  does  any  rattlesnake  do  with  its  rattles?  It 
sounds  them  when  distinbed  or  frightened,  as  bv  some  movement  or  the  approach 
of  an  intriuler.  l'|x>n  this  there  can  be  no  argument;  it  is  the  tonuuon  experience 
of  everyone  who  has  encountered  a  rattler  in  the  field  or  startled  one  in  cap- 
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tivitv.  I  liavf  iic)  (Icsiic  to  assume  an  iiiitatinu  attitude  of  assurance.  ])ut  ccrtainlv 
1  have  seen  iliis  liap|X'n  a  thousand  times;  antl  there  are  otliers  of  more  extensive 
experience  who  corroborate  this  observation. 

The  rattle  is  used  as  a  warning  signal;  upon  this,  experience  permits  no  argu- 
ment; if  it  has  alternative  purposes,  such  as  those  previously  mentioned,  the 
burden  of  proof  is  upon  those  who  advance  them,  for  they  are  not  matters  of 
daily  observation.  The  "keep-your-distance"  use  rf  the  rattle  is  so  universal  and 
instinctive  that  one  would  suppose  this  problen'  ;f  use  to  have  been  long  since 
settled:  and  I  niiirht  well  be  accused  of  giving  lunhic  inijx:)rtancc  to  a  nonexistent 
argument,  were  it  not  for  the  fact  that  books  (oniinue  to  aj)pear.  attiil)uling  to 
the  rattle  as  much  uncertainty  of  purpose,  or  diversity  of  use,  as  did  the  popular 
natural  histories  of  a  centui7  ago  (e.g.,  Berric^,  1935,  p.  337:  Ditmars,  1936, 
p.  62:  Gillespie,  1937,  p.  132:  Curran  and  Kauffeld,  1937,  p.  51;  De  Lys,  1948, 
p.  73:  Moore,  1951,  p.  229.  See  also  Huxley's  reply  (1939,  p.  725)  to  the  criticisms 
of  his  advocacy  of  the  warning  theory).  And  it  must  be  admitted  that  the  nature 
and  purpose  of  tlie  warning  have  sometimes  been  so  misinterpreted  as  to  throw 
the  theory  into  doubt  and  disrepute. 

The  warning  theory  is  very  old,'  but  from  the  first  it  has  been,  and  still  is,  a 
matter  of  argument  because  of  a  confusion,  often  unrecognized,  between  three 
types  of  warning:  that  is,  the  warning  of  (1)  intruders,  possibly  dangerous,  warned 
for  the  protection  of  the  snake;  (2)  intruders  warned  for  the  protection  of  the 
wamee,  instead  of  the  warner;  or  (3)  prey,  the  last  being  a  special  case,  already 
discussed,  of  (2).  If  we  sharply  distinguish  between  these  three  and  point  out  the 
manner  in  which  the  rattle  is  beneficial  to  its  possessor,  by  frightening  away  crea- 
tures that  might  otherwise  injinc  the  snake,  we  at  once  eliminate  the  objections 
which  have  been  so  often  aibantcd  against  the  warning  theory.  Certainly  no 
animal  will  warn  away  the  lood  upon  which  it  depends  lor  subsistence,  or  develop 
so  intricate  a  mechanism  for  the  altruistic  protection  of  the  innocent  passer-by. 
But  it  is  equally  clear  that  warning  devices  that  tend  to  saf^;uard  their  owners 
are  common  in  nature;  and  there  is  no  more  reason  to  question  the  purpose  of 
the  rattle  than  that  of  these  other  devices.  It  is  only  necessary  to  show  that  the 
rattle  is  used  for  this  purpose,  is  often  effective,  and  that  iu  disadvantages  are  not 
so  important  as  have  sometimes  been  supposed. 

I  shall  give  no  further  attention  to  those  aiguments  against  the  warning  theory 
that  are  I)ased  on  this  confusion  between  a  beneficial  warning,  and  one  neutral 
or  injurious  to  the  rattler.  Darwin  himself  tried  to  correct  this  confusion  many 
years  ago,  with  indifferent  success;  in  fact,  his  position  is  still  occasionally  ad- 

*  As  evidenced  bv  llic  followins^  expositions  appcaiinf^  before  1700:  Hernandez,  1(51 '>.  fol.  192'; 
1628.  p.  329;  1651,  p.  329;  Wo.xL  ]tVM.  p.  47;  Niereiril)eig.  IG.'i').  p.  2(i9;  I'iso,  IGKS.  p.  11;  (  laike. 
1670,  p.  42).  Il  fias  been  suppuitcd  by  many  subsequent  aulhois;  i  oniii  tiie  ciiations  because  ihcy 
are  so  numerous,  not  because  the  theory  has  fallen  into  disrepute.  One  of  the  most  succinct  state- 
ments  is  that  of  Hornaday  (1904,  p.  348);  "Me  rattles  to  save  himself  from  injury,  and  his  persistent 
whirr  has  saved  thousands  of  persons,  and  tens  of  thousands  of  domestic  animals,  from  being  bitten. 
A  westei  II  t<)i\  pon\,  a  government  mule,  or  a  ian<4e  steer  will  spring  siikM\  ise  from  a  warning 
whirr  in  the  sage  brush  (juitc  as  c]uickly  as  man  himself,  and  almost  as  far."  Or  as  put  by  Hender- 
son (1872,  p.  261):  "I  am  a  rattlesnake,  armed  with  what  will  be  death  to  you  if  \ou  come  t<to  near; 

«ve  me  a  wide  berth."  Another  well-stated  exposition  of  the  theory  is  that  of  Huxley  (1938.  p.  15). 
lien  Zimmermann  and  Pope  (1918,  p.  357)  prefer  to  consider  the  sounding  of  the  rattle  as  a 
!>!u(fi7iir  rather  than  a  ivaruiui^  reaction,  it  scctns  lo  iiu-  they  fall  into  a  serious  semantic  error;  the 
hiss  ol  a  gopher  snake  is  a  bluff,  (or  il  has  no  impurianl  weapon  in  reserve.  Bui  the  rattler  can 
follow  its  warning  with  a  really  dangerotis  strike. 
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vanced  (e.g.,  Curran  and  KaufTeld,  1937,  p.  .'il)  as  an  argument  against  the  theory, 
notwithstanding  his  clear  statement  in  advocacy  of  it.^ 

As  I  liave  stated,  the  validity,  in  terms  of  adaptive  value,  of  the  dangerous- 
enemy  warning  theory  may  be  presumed  to  rest  with  the  answers  to  these 
questions: 

(1)  Is  the  rattle  used  as  a  warning? 

(2)  Is  it  effective? 

(3)  Does  it  ever  react  against  the  rattler,  and  ii  so,  to  what  extent  and  under 
what  conditions? 

On  the  first  point  I  think  enough  has  been  said:  The  rattle  is  so  used — this 
is  the  reaction  that  anyone  familiar  with  these  snakes  invariably  expects  when 

he  approaches  one. 

Is  it  cfTec  tive?  The  answer,  of  course,  depends  on  the  circumstances,  as  it  would 
were  we  discussing  the  growl  of  a  dog,  the  hiss  of  a  gander,  or  the  earth-pawing 
of  a  bull.  These  are  all  warning  reactions,  and  they  may  result  in  success  or 
failure,  depending  on  the  charaaer  and  purpose  of  the  trespasser.  They  may 
be  followed  by  more  direct  action  or  by  the  retreat  of  the  warner. 

One  of  the  mistakes  made  by  early  writers,  and  repeated  in  later  natural  his- 
tories, is  in  the  general  characterization  given  the  rattler's  warning  posture.  Usu- 
ally the  snake  is  portrayed  in  its  resting  coil  with  rattle  soimding.  To  the  possible 
inadequacy  of  such  a  warning  mechanism  one  may  agree,  but  this  is  not  the  entire 
stor\'  by  any  means.  Just  as  the  cat  arches  its  back,  fluffs  its  tail,  opens  its  mouth, 
and  spits  and  scpialls,  so  the  rattkr  lias  more  tlian  a  single  warning  reaction. 
It  is  true  that  a  snake  found  ni  its  resting  coil  may  fast  sound  the  rattle  without 
changing  position.  But  if  this  preliminary  warning  fails  to  halt  the  trespasser, 
it  quickly  adopts  more  spectacular  methods,  which  concurrently  place  it  in  a 
better  position  either  for  defense  or  escape.  For  now,  still  sounding  the  rattle 
furiously,  it  raises  the  anterior  part  of  the  body  above  the  ground  in  an  S-shaped 
spiral,  with  the  head  and  neck  held  like  a  poised  lance  ready  for  a  forward  lunge; 
the  posterior  part  of  the  body  is  flattened  to  stabilize  the  anchorage  or  to  facilitate 
mobilitv:  the  tongue,  with  tips  widely  spread,  is  protruded  to  the  utmost  and 
is  altei  nately  jjointed  vertically  upward  and  downward  with  inter\  ening  jjauses; 
and  the  snake  inhales  and  exhales  with  a  violent  hiss.  Now  the  rattler  is  ready 
for  whatever  may  come;  it  can  strike,  if  the  enemy  cmnes  within  range,  or  it  can 
retreat  (stUl  facing  the  intruder)  toward  the  nearest  rock  crevice  or  bush  that 
might  serve  as  a  refuge.  In  this  composite  picture,  the  rattle  serves  as  the  alarm  bell. 

*"It  is  admitted  that  the  rattlesnake  has  a  poison  fang  for  its  own  defense  and  for  the  destruction 

of  its  prey:  but  some  authors  suppose  that  at  the  same  lime  this  snake  is  furnished  \vith  a  rattle  for 
its  own  injury,  namely,  to  warn  its  prey  lo  escape.  I  would  almost  as  soon  believe  that  the  cat  curls 
the  end  uf  its  tail  when  preparini^  to  spring,  in  order  to  warn  the  domned  mouse."  Origin  of 
apecies,  lirsi  cd..  ltsr>y,  p.  201;  tilth  cd.,  1871.  p.  196. 

As  a  result  of  criticism,  particularly  from  St.  George  Mivart  (1871,  p.  50),  Darwin  clarified  the 
statement  in  the  subsequent  editions  of  the  Origin:  "Some  authors  suppose  that  at  the  same  time 
it  [the  rattlesnake]  is  furnished  with  a  rattle  for  its  own  injury,  namely,  to  warn  its  prey ...  It  is 
much  more  probat)lc  that  the  inttlrsnnkc  u>;cs  if;  laule.  the  cobra  expands  its  frill,  and  tlic  puff- 
adder  swells  wliilsi  hissing  so  loudly  and  hatslUy,  in  order  to  alarm  the  many  birds  and  beasts  which 
are  known  to  attack  even  tlic  most  \enoinous  species.  But  I  have  not  space  here  to  enlarge  on  the 
many  ways  by  which  animals  endeavor  to  frighten  away  their  enemies."  Origin  of  species,  sixth  ed., 
I8fl5,  p.  162.  But  even  this  statement  ha;  not  prevented  his  being  cited  as  opposing  the  warning 
thcorv,  when,  in  fact,  he  opposed  onlv  t!ic  misinterpretation  of  enemy  warning  into  prey  warning. 
Sec  also  Darwin  (1873,  p.  107)  and  Wallace  (1890,  p.  262). 
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When  a  rattle  is  heard  in  siicli  < :ir(  umslances,  no  prior  experience  or  mental 
process  is  necessary  for  a  rcali/ation  oi  thrcutened  danger;  both  the  stridency  of 
the  sound,  and  the  other  actions  of  the  snake  to  which  the  sound  draws  atten- 
tion, will  have  an  immediate  effect  on  any  creature  capable  of  the  most  elemen- 
tary reactions  of  self-protection,  impelling  caution  or  retreat.  Several  of  the  early 
writers  (Recs,  1819,  p.  [!];  Brainard,  1855,  p.  124;  Wood,  1863,  vol.  3.  p.  101) 
attribute  Eo  the  noise  of  the  rattle  an  cfTei  t  mysterious  in  its  action,  in  that  animals 
having  had  no  j)revious  experience  with  it — a  reaction  said  to  be  exemplified 
bv  that  of  the  KurojKan  hctrse  seenucl  lully  awaie  ol  iis  jnupose,  and  recoiled 
instinctively  ironi  tlie  sound.  Although  tiie  factor  ol  molestor-expericncc  may 
have  had  some  bearing  on  the  genesis  of  the  rattle,  as  is  discussed  hereafter,  we 
need  no  longer  consider  such  experience  necessary,  esi^ecially  when  this  startling 
sound  begins  suddenly  and  unexpectedly  under  one's  very  feet  But  the  effect 
of  the  warning  is  by  no  means  dependent  entirely  on  the  initial  surprise,  so 
strident  is  the  noise,  and  so  alarming  the  other  actions  of  the  snake.  Raillie- 
Grohman  (1882.  p.  105)  cites  his  own  experience  as  a  tenderfoot,  losing  his  hands 
to  climlj  a  rocky  peak,  lie  liad  his  attention  suddenly  drawn  by  tbe  noise  of  a  rattle 
to  a  crealuie  whose  like  he  had  never  seen  before,  lit,-  didn't  know  it  was  a  rattle- 
snake, but  it  "looked  so  venomous"  that  he  backed  away  and  iell  down  the  cliff. 

In  judging  the  effectiveness  of  this  warning  as  a  means  of  protection,  one  must 
have  in  mind  the  kinds  of  carnivores  and  birds  of  prey  that  seek  the  rattler  as 
food,  and  the  ungulates  that  might  tread  on  it  fortuitously,  or  with  destructive 
purpose.  Against  many  of  these,  such  as  wolves,  coyotes,  bobcats,  and  the  like, 
the  rattle  would  be  a  valuable  protective  adjunct — not  unfailing,  of  course,  but 
still  of  major  importance  in  frightenint;  these  creatures  into  looking  elsewhere 
for  a  meal.  One  has  only  to  watch  the  rcac  tion  of  a  dog  or  rat  with  a  rattler 
to  see  how  effective  this  is,  despite  the  cjualilicaiion  that  some  ol  iliem  l;ecomc 
experienced  rattler  killers  (p.  1074). 

Cowles  (1938,  p.  16)  observed  that  western  skunks  were  driven  from  their  cus- 
tomary feeding  grounds  by  the  sounds  of  the  rattle.  Cowles  and  Bogert  experi- 
mented with  a  weasel  and  found  that  it  would  nor  ;itta(k  a  sidewinder  while  the 
latter  possessed  and  sounded  its  rattle,  but  did  attack  when  the  snake's  rattle  had 
been  removed.  Jeter  nST)  !,  p.  9)  made  the  observation  that  most  animals  scamper 
olf  wluii  they  hear  the  sound  of  the  rattle.  Hawks,  owls,  and  ravens  miglit  be 
similarly  frightened. 

As  to  the  larger  herbivorous  mammals,  they  are  not  usually  of  such  a  disposi- 
tion as  to  go  out  of  their  way  in  search  of  trouble,  although  deer  and  antelope 
do  show  an  inclination  to  attack  rattlers  by  jumping  on  them  (p.  1065).  Judging 
from  observations  of  the  reactions  of  horses  and  cattle  it  is  quite  evident  that 
the  rattle  has  a  definite  protective  value.  A.  M.  Jackley  recounted  the  following 
somewhat  iy|)ic;il  incident:  "One  fall  1  parked  my  car  on  the  edge  of  a  small 
prairie-do^  town  to  watch  the  lattlesnakcs  as  they  arrived  to  hii)ernate.  About 
!W  rods  l)eyoiul  niy  (ai  was  a  laige  Hereford  bull.  T  his  bull  was  of  a  friendly 
sort  and  started  walking  toward  me.  It  happened  that  a  large  rattler  was  lying 
Still,  in  thin  grass  about  60  feet  in  front  of  me  and  directly  in  line  of  the  bull's 
approach.  When  the  bull  came  to  within  about  15  feet  of  the  snake  it  coiled  and 
rattled,  and  the  bull  stopped — ^and  then  leisurely  detoured  and  came  to  my  car. 
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My  conclusion  was  tliat  this  snake  rattled  because  it  was  afraid,  and  the  l)ull 
detourcd  for  the  same  reason.  No  doul)t,  in  (ase  a  raitlcr  is  aj>{>ioached  by  a 
potential  enemy,  the  elements  of  both  fright  and  anger  are  manifested  by  the 
rattling." 

Although  some  writers  (e.g.,  Rees,  1819,  j>.  [I])  speak  t)l  animals  being  shocked 
into  immobility,  while  others  (e.g.,  Bigland,  1811,  p.  IjO)  say  they  are  driven  to 
flight,  it  is  probable  that  most  of  them  simply  adopt  a  policy  of  avoidance,  as  did 
Jackley's  bull.  Horses  sometimes  shy  at  rattlers,  but  the  reaction  is  by  no  means 
so  universal  as  some  of  the  earlier  natural  histories  indicated  (p.  989).  However, 
they  do  tend  to  avoid  a  snake  that  suddenly  rears  and  rattles  in  their  path. 

Summarizing  this  phase  of  the  theory,  it  may  be  concluded  that  the  rattle  is 
of  definite  adaptive  value  when  sounded  as  a  warning  to  animals  which,  with 
intention  or  unconscious! v.  niif^ht  injure  the  snake. 

We  come  now  to  the  thud  (juery:  Is  the  rattle  ever  a  detiiment  by  advertising 
the  presence  of  the  rattler  to  potential  enemies,  from  which  it  might  otherwise 
esca|x^? 

It  has  been  pointed  out  that  the  use  of  the  rattle  may  serve  only  to  invite  d^truc- 
tion  by  certain  animals,  such  as  deer  and  hogs,  whidi  do  kill  rattlers  upon  occa- 
sion (p.  1065).  For  example,  Berridge  (1935,  p.  62)  considers  this  a  fatal  flaw  in  the 
warning  theory.  Now  ceruinly  this  would  be  true  if  the  rattle  served  to  invite 
destruction  by  advei  tising  tlie  snake's  presence,  when  inconspicuous  inactivity,  or 
a  silent  withdrawal  would  be  a  safer  policy.  This,  however,  misjudges  the  rattler's 
ordinary  sequential  rrsjx)nse  to  the  presence  of  an  intruder.  No  field  collector 
knows  how  many  rattlers  he  may  pass,  that  escape  by  merely  lying  quiet.  Rut  I 
have  spied  enough  of  them,  fully  aware  of  my  prcsente,  yet  making  no  sound 
or  movement,  except  jxissibly  a  telltale  flicking  of  the  tongue,  to  realize  that  they 
will  depend  on  this  method  of  escape  whenever  possible.  The  rattle  is  the  reac- 
tion of  a  suddenly  startled  snake,  or  of  one  aroused  to  action  by  the  persistent 
encroachment  of  an  enemy. 

This  criticism  also  misjudges  the  reaction  of  animals  to  the  sound  of  the  rattle. 
They  are  pictured  as  saying  to  themselves  when  they  hear  it,  as  a  man  would, 
"Here  is  a  dangerous  creature  that  I  had  best  destroy,  for  the  safety  of  others 
who  may  pass  this  way."  But  no  ^vild  animal  reasons  thus;  there  is  always  a  more 
specific  purpose  in  attack,  such  as  a  desire  for  food  or  the  piotedioii  of  \oung. 
Against  such  creatines,  keeping  in  mind  the  fact  that  the  rattle  is  not  sounded 
until  procryjjsis  lias  failed,  its  possession  is  definitely  protective,  for  it  often  causes 
them  to  turn  aside  and  avoid  the  snake. 

With  man,  an  enemy  who  can  destroy  at  a  distance  without  endangering  him- 
self, the  rattle  is  a  disadvantage,  as  was  pointed  out  as  early  as  1871  by  Cope  (p. 
120).  For  man  is  poorly  equipped  with  senses,  and  the  rattler  may  sometimes 
advertise  itself  too  quickly  when  it  might  otherwise  lie  imdiscovered.  But  this 
is  no  valid  argument  against  the  atlaptive  value  of  the  rattle  as  a  warning  mecha- 
nism.  since  rattlers  long  antedated  man  in  the  New  W'oild,  and  the  rattle  was 
developed  without  regard  to  the  novel  conditions  irnpcjsed  b\  this  addition  to 
the  local  fauna.  It  has  even  been  suggested  that  man  is  beginning  to  exercise  a 
reverse  evolutionary  effect  on  the  use  of  the  rattle: 
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The  people  hereabouts  sav  nmlcsnukcs  arc  getting  scarcer.  Some  claim  the  rattlers  do  not 
buzz  at  the  slighiesi  provucation  as  they  formerly  did,  and  advance  the  argument  that  the 
"bimen"  in  the  past  were  the  ones  killed,  the  quiet  snakes  ordinarily  making  their  escape. 
Everett  Jensen,  U.  S.  Forest  Service,  Sawyers  Bar,  Calif. 

We  may  thus  summarize  our  conclusions  with  respect  to  the  warning  theory: 
The  rattle  is  used  as  a  warning;  it  is  often  effective;  detrimental  results  are  unusual 
and  rare,  particularly  in  the  case  of  the  fauna  indigenous  to  the  areas  where  rattle* 
snakes  occur.  Thus  the  validity  of  the  warning  theory  of  the  funaion  of  the 
rattle  is  proved  by  observations  of  the  conditions  and  situations  wherein  it  is 
used,  and  by  its  apparent  value  to  the  user  in  these  situations,  thereby  furnishing 
a  basis  for  its  adaptive  development. 

In  connection  witli  the  expositions  of  the  warning  theory,  there  liave  l)ccn 
criticisms  of  too  ilirect  an  implication  of  intent  upon  the  part  of  the  rattlesnake 
when  it  sounds  its  rattle  (Maier  and  Schneirla,  1935,  p.  222;  Verrill,  1937,  p.  30). 
It  is  difficult  CO  describe  the  variability  in  the  several  elements  of  a  rattlesnake's 
reaction  to  an  intruder  without  some  anthropomorphic  implications,  for  there 
is  definitely  some  dioice  in  the  duration  and  sequence  of  these  elements.  Various 
external  conditions,  of  course,  affect  the  reaction,  such  as  the  temperature,  the 
visibility,  and  the  availability  of  a  refuge.  But,  besides  these  external  stimuli, 
there  are  not  only  species  and  age  differences  in  the  rattlers  and  their  reactions, 
but  also  individual  differences  as  wcU.  TIicsc  arc  shown  in  the  adoption  and 
timing  of  the  several  reactions  ot  pnu  i  \  psis,  threatening  defense,  flight,  and  even, 
rarely,  attack.  The  extent  to  winch  this  choice  may  have  a  psycliological  basis 
I  do  not  know,  but  I  should  willingly  concede  that  the  snake  has  no  purposeful 
knowledge  that  his  threatening  defense  may  save  him  from  an  intruder.  And  as 
to  the  tail  vibration  that  ]Mroduces  a  sound  he  cannot  hear,  this  is  only  one  part 
of  a  composite  defense  posture,  which  indudes  the  S-€Oil,  the  flattened  body, 
the  deep  breath  and  hiss,  and  the  spread-tipped  tongue,  alternately  erected  and 
depressed.  As  a  part  of  this  composite  program,  sounding  the  rntilc  is  simply  a 
neivous  reaction,  almost  automatic,  to  a  frightening  situation.  But  the  fart  that 
the  snake  has  no  realization  of  the  effect  produced,  either  by  intent  or  otherwise, 
does  not  weaken  the  conclusion  that  the  warning  theory  can  explain,  as  no  other 
can,  both  the  adaptive  value  of  the  rattle  and  the  circumstances  of  its  present  use. 

A  few  matters  related  to  the  warning  theory  remain  to  be  touched  on,  besides 
its  effect  on  the  thttury  of  the  eralutton  of  the  rattle,  to  which  I  shall  later  return. 

Carman  (1888,  p.  xxvi;  1888,  p.  264;  1889,  p.  177)  and  Tavlor  (1892b,  p.  354) 
think  that  the  warning  is  important  in  relieving  the  rattler  of  the  necessity  of 
using  its  venom  on  its  enemies,  thus  improving  its  ability  to  secure  food.  It  also 
conserves  the  tangs. 

I'here  have  been  extensions  o£  the  warning  theory  into  the  realms  of  fantasy. 
Paine  (1875,  p.  135)  reports  that  the  jingle  of  the  rattle  soothes  the  black  snake 
to  such  an  extent  that  its  intended  attack  on  a  rattler  is  abandoned.  Bernard 
(1887,  p.  223)  said  that  when  a  imitated  a  rattler,  two  harmless  snakes 

in  his  cabin  fled.  De  Lys  (1948,  p.  73)  thought  one  purpose  of  the  rattle  was  to  let 
enemy  snakes  know  that  a  rattler  was  present.  As  snakes  are  deaf  to  air-borne 
sounds,  these  yarns  are  completely  incredible. 

Meek,  with  his  usual  flair  for  invention,  reporu  (1946,  p.  162)  that  the  human 


Copyrighted  material 


The  Rattle  263 


car  cannot  stand  the  sound  of  the  rattle  for  any  length  of  time.  I  liave  withstood 
it  for  an  hour  or  so,  although  admittedly  it  becomes  somewhat  trying  if  one 
wislics  to  concentrate  on  scale  counting,  or  some  other  laboratory  task.  \\'()od 
(1855,  p.  332)  tells  the  story  of  a  man  who  kept  track  of  a  rattler's  location  by 
throwing  sticks  and  stones  at  it  from  time  to  time  to  keep  it  rattling,  so  that  it 
would  not  catch  him  unaware  while  he  was  at  work.  He  fails  to  state  why  the 
man  did  not  kill  the  rattler  and  go  on  about  his  business. 

The  Origin  of  the  Rati  le 

Theories  of  the  origin  of  the  rattle  are  necessarily  related  to  the  theories  regard- 
ing its  present  use.  Also  such  theories  tone  fi  on  two  phases  of  the  same  problem, 
namely,  why  the  mechanism  was  evohetl,  and  how  it  was  e\ol\ed,  as  a  (ompli- 
cated  appendage,  from  the  simple  tail  cone  of  the  connnon  ancestors  of  tile  rattle- 
snakes and  their  rattleless  relatives. 

The  earliest  theories  of  the  genesis  of  the  rattle,  in  line  with  the  accepted 
precepts  of  individual  species  creation*  visualized  the  rattle  as  having  been  created 
in  its  present  perfected  form,  the  woik  of  a  Divine  Providence  desirous  of  pro- 
tecting innocent  creatures  from  this  dangerous  and  malevolent  snake  (Glover, 
1676,  p.  631;  Lawson.  1709,  p.  128;  Carver,  1778,  p.  480;  DobrizhofTcr,  1784;  1822, 
vol.  2.  p.  287:  Ringley,  1803,  vol.  3,  p.  71;  Bigland,  1844,  p.  136.  See  also  Thwaites, 
1896-1901,  vol.  43,  p.  155,  for  a  similar  statement  by  a  Jesuit  priest  in  1658). 
This  theory  was  usually  the  accompaniment  of  the  erroneous  belief  that  a  rattler 
involuntarily  sounds  it»  rattle  whenever  it  moves,  regardless  of  whether  it  has 
been  annoyed  or  disturbed. 

Linking  the  rattle  development  to  modern  theories  of  evolution,  premised  on 
its  use  as  a  warning  primarily  beneficial  to  the  snake  itself,  usually  assumes  the 
ancestors  of  the  rattlers  to  have  lived  in  a  prairie  coimtry  inhabited  by  herds 
of  li(K)fed  animals  akin  to  the  modern  bison.  "The  hoofs  of  these  ponderous 
animals,  traveling  o\er  the  plains,  must  have  been  distinctly  dangerous  to  snakes 
living  in  the  open,  while  the  snake's  bite  would  be  distinctly  unpleasant  to  the 
bison,  although  death  would  probably  have  rarely  ensued  owing  to  the  beast's 
great  bulk.  The  bison  would  gladly  keep  out  of  the  snake's  way,  however,  if 
warned,  and  this  warning  the  rattle  gave"  (Barbour,  1926,  p.  41;  1934,  p.  42).  This 
relationship  of  the  warning  theory  to  the  origin  of  the  rattle  was  first  suggested 
by  O.  P.  Hay  (1887,  p.  214),  and  was  reiterated  by  Carman  (1889,  p.  176).  Barbour 
(1922,  p.  37)  points  out  a  possibly  similar  derivation  of  the  venom-squirting 
ability  of  the  sj)itting  cobras  of  Africa  as  a  protection  against  the  great  herds  of 
anteIo|je  on  the  veldt.  However,  in  this  case  the  fine  stream  of  venom  reaching 
the  antelope's  eyes  is,  in  itself,  painful  and  even  dangerous,  while  the  rattle  is 
only  a  threat  of  worse  to  come. 

Curran  and  Kauffeld  (1937,  p.  52)  express  doubt  as  to  the  bison  theory  because 
rattlesnake  remains  have  not  been  found  commingled  with  bason  fossils.  This 
is  hardly  valid,  in  view  of  the  great  difference  in  the  preservabilitx  of  the  remains 
of  the  two  creatures.  Because  of  the  delicacy  and  fragility  of  their  bones,  rattle- 
snake fossils  are  quite  rare.  K.  P.  Schmidt  (/;/  lilt.)  believes  that  the  rattlesnake 
group  evolved  in  North  America  during  the  major  evolution  of  large  mammals, 
both  herbivores  and  carnivores. 
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It  is  generally  agreed  that  the  rattle  arose  as  a  specialization  a  sou  nd-producing 
implcnicntntion — of  a  common  snake  reaction,  namely,  that  oi  vibrating  the  tail 
when  angered  or  annoyed.  M  his  method  of  thicntciiing  or  bhiffing  is  so  wide- 
spread, being  used  alike  by  venomous  and  harmless  snakes,  and  bv  niany  unre- 
lated kinds  of  snakes  throughout  the  world,  thai  it  must  have  been  an  exceedingly 
primitive  development.  It  has  been  known  to  man  since  the  earliest  days,  £or 
anyone  who  ever  handled  snakes  has  quickly  become  familiar  with  this  universal 
ophidian  way  of  saying,  '"Look  out;  I'll  bite  if  you  come  within  readi."  Some 
snakes,  vibrating  their  tails  among  leaves,  actiieve  a  tolerable  imitation  of  the 
sound  of  a  rattler's  rattle;  however,  this  can  hardly  be  construed  as  purj^oseful 
or  adaptive  simulation,  as  the  tail-vibration  must  have  antedated  the  development 
of  the  rattle  and  it  is  equally  prevalent  in  the  Old  World,  where  there  are  no 
rattlers  to  imitate. 

That  the  rattle  developed  as  a  specialization  of  the  cone  that  terminates  the 
tail  of  most  snakes,  there  can  be  no  doubt  One  can  ea^ly  visualize  how,  by  a 
constriction  at  the  base,  successive  sheddings  would  be  retained  on  the  terminal 
cone,  thus  thickening  and  toughening  it.  Garman  (1892,  p.  16)  thought  that  two 
genera  of  lizards  have  the  spines  on  their  dorsal  crests  toughened  by  the  reten- 
tion of  successive  sheddings.  Also  in  earlier  works  (1888,  p.  266;  1889,  p.  177), 
both  through  studies  of  the  embryology  of  tlie  rattlesnake,  and  the  developing 
and  adult  tail  spines  of  related  species,  he  has  shown  how  a  primitive  type  of 
rattle  nnglit  have  been  evolved. 

Quelch  (1891,  p.  10)  has  suggested  that  the  rattle  might  have  been  developed 
by  snakes  living  in  rocky  situations,  where  their  tails  required  thickening  to  with- 
stand wear  when  they  were  vibrated.  Gurran  and  Kauffeld  (1937,  p.  53)  have 
proposed  an  even  queerer  evolutionary  twist  "an  unusually  large  spine  at  the 

tip  of  the  tail  .  .  .  mi^lit  ^\cll  have  prevented  the  complete  casting  of  the  skin 
and  necessitated  the  development  of  the  rattle."  This  implies  that  the  rattle  has  a 
nuisanrc  ratlicr  than  a  beneficial  value.  Cope  (1871,  p.  108;  1887,  p.  197)  explains 
the  development  by  inferring  that  an  increased  use  of  the  \ibraiing  tail  would 
tend  to  localize  growth-nutrition,  thus  resulting  in  an  improved  structure.  It  is 
an  explanation  that  merely  transfers  uncertainties. 

It  is  probable  that  Carman's  theories  of  evolution  are  substantially  correct, 
but  it  has  to  be  admitted  that  there  must  have  been  many  intricate  steps  between 
the  mere  retention  of  successive  sheddings  on  the  tail  cone,  and  the  perfection 
of  the  highly  complicated  mechanism  whereby  each  such  successive  slough  is 
shifted  backward  one  lobe  with  the  accretion  of  each  new  one,  thus  giving  the 
loose  fit  required  in  the  noise-making  a])]);iratus.  ^\'c  can  only  speculate  as  to  the 
course  this  development  may  have  taken,  tor  \ve  have  available  for  study  neither 
partially  developed  mechanisms  of  this  type  in  other  kinds  of  snakes,  nor  the 
assistance  of  embryology,  since  the  rattle-shifting  procedure  is  a  postnatal  develop- 
ment. It  is,  indeed,  a  long  jump,  with  an  unknown  gap,  from  a  multiple-thickness 
tail  spine  to  the  highly  intricate  rattle,  with  its  several  lobes  and  other  perfected 
details  of  structure. 

Whether  the  rattle  is  developii^  further  evolutionary  changes  today,  wc  cannot 

say.  At  least  two  small  spcnVs,  the  pigmy  rattler  (Sistrurits  rjiilinriiis)  and  the  long- 
tailed  rattler  {Crotalus  stejnegeri)  have  rattles  so  tiny  as  to  be  almost  valueless 
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as  sound  producers,  but  whctlicr  ihcsc  rattles  arc  primitive  or  on  tFie  way  toward 
elimination  wc  have  no  way  oi  knowing.  Curran  and  Kauffcld  (1937,  p.  53)  arc 
incorrect  in  stating  tli:it  the  rattle  of  the  troj)ic:i]  r;ittk">nakc  (C.  d.  ditrissus)  may 
be  disappearing,  as  tlie  rattles  are  much  reduced  in  si^e.  l  liis  snake  has  unusually 
small  rattles  when  young — ^small  in  proportion  to  the  size  of  the  snake — but  the 
rattles  of  the  adults  are  as  lai:ge  or  larger  than  in  other  species  of  correspond- 
ing size. 

Carman  (1888,  p.  267)  visualized  the  rattle  as  having  developed  separately 
in  tlie  two  genera  Sistrurus  (characterized  by  plates  on  the  crown  of  the  head) 
and  Cvutalus  (having  scales  on  the  crow  n).  Stcjncgcr  (1895,  p.  392)  dissented  from 
this  view  ol  scjjarate  derivations  ol  the  genera.  .\s  a  matter  ol  tact,  this  disiinc- 
tion  between  the  genera  is  not  as  sharp  as  iliese  definitions  imply.  Some  individuals 
of  Sistrurus  have  sutured  plates;  and  some  sixrcies  of  Crotalus — durissus,  for 
example — ^have  enlarged  scales  on  the  crown  that  approach  the  Sistrurus  plates 
in  form.  Evolutionary  trends  from  the  nine  typical  plates  of  the  Colubridae 
toward  a  break-up  into  many  scales  are  common  in  various  groups  of  snakes.  It 
appears  sounder  to  visualize  this  type  of  evolution  as  occurring  among  the  rattle- 
snakes after  the  acquisition  of  the  exceedingly  complicated  rattle  mechanism, 
rather  tliaii  to  assume  that  the  rattle  was  developed  twice  in  xwn  separate  lines 
of  desc  ent — once  in  Sistniru.s  from  Ay^kislrodoii ,  and  again  in  Crotalus  from 
Jiotlirojjs.  The  matter  is  discussed  further  under  phylogcny,  p.  152. 

Conditions  of  Use 

The  conditions  under  which  a  rattlesnake  will  sound — or  isal  to  sound — ^its 
rattle  as  a  warning,  have  been  discussed  elsewhere  (p.  469).  It  has  been  pointed 
out  that  it  is  by  no  means  invariably  sounded  prior  to  a  strike,  as  is  often 
thought  to  be  the  case — a  widespiead  belief  that  shoidd  be  strongly  discouraged 
in  the  interest  of  saleiv.  For  Avhctlier  a  rattlesnake  will  rattle  when  disturbed, 
belore  undertaking  a  more  retaliaioi)  defense,  depends  on  a  number  of  condi- 
tions, such  as  the  species  and  the  individual  temperament  of  the  snake;  the 
suddenness  with  which  the  intruder  comes  upon  it,  and  the  closeness  of  his 
approach;  whether  the  snake  was  startled  out  of  sleep;  whether  an  injury  to 
the  snake  was  involved;  the  temperature;  the  availability  of  hiding  places;  and 
other,  similar  variables.  No  one  <  ui  guess  a  snake's  course  of  action  in  advance. 
It  will  usually  rattle  before  striking,  if  the  danger  is  not  tru)  innninent  to  jn  iinit 
delay;  but  surely  no  one  is  justified  in  depending  on  the  rattle  as  a  trustworthy 
or  invariable  advance  note  of  caution. 

Although  the  S-shaped  defensive  coil  is  the  usual  ]X)siiion  of  a  rattling  snake — 
this  being  a  part  of  the  general  defensive  posture  of  which  rattling  is  another 
element — it  can  rattle  when  outstretched,  either  at  rest  or  crawling.*  It  often 
rattles  while  trying  to  escape  to  some  nearby  refuge.  Disturbed  snakes  may  some- 
times be  heard  rattling  in  the  restricted  confines  of  a  hole  or  rock  crevice. 

.\nnf)ved  snakes  can  rattle  for  long  periods  A\ithout  rest.  Ingcrsoll  (ISSla,  p. 
•101)  staled  tluit  he  witnessed  their  rattling  lor  several  luiurs  without  a  moment's 
interruption.  Pt  iry  (1920,  p.  85)  repc:)rted  a  timber  rattler  (C.  It.  fio^yidus)  that 

*  Under  no  circumstances  should  this  statement  be  misconstrued  as  meaning  thai  a  rattler  in- 
volunurtly  makes  a  noise  with  its  rattles  when  crawling,  a  mistaken  presumption  by  early  writers 
who  had  never  seen  a  live  rattler  in  action. 
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rattled  for  half  an  hour,  and  Hylander  (1931,  p.  66)  an  eastern  diamondback  (C. 

adomonteus)  that  rattled  for  an  hour.  1  have  never  made  any  accurate  records 
of  long  runs,  but  in  the  laboratory,  when  endeavoring  to  concentrate  on  scale 
counting,  I  have  fre(|uently  found  it  necessary  to  remove  live  specimens,  so  annoy- 
ing is  the  continuous  rattling  of  especially  nervous  snakes  not  yet  accustomed  to 
captivity. 

Many  conditions  affect  the  distance  at  which  a  rattler  may  be  heard — the  size 
of  the  snake  more  than  any  other — ^which  explains  some  of  the  conflicting  accounts 
that  have  been  published.  Another  important  qualification  is  the  length  of  the 
rattle  string.  As  indicated  elsewhere  a  string  of  about  6  to  8  s^;ments  is  probably 

most  efficient  as  a  sound  producer;  too  short  a  string  produces  too  few  contacts 

for  full  stridency,  while  the  outer  segments  of  extra-long  strings  interfere  with, 
or  damp  out,  the  fidl  vibrations  of  the  segments  next  the  tail. 

The  distances  at  which  the  sound  of  the  rattle  may  be  heard  have  been  vari- 
ously leported  as  follows:  Lindestrom  (1655;  1925,  p.  18G)  100  ells  or  about  225 
feet;  Jesuit  priest  in  1658  (Thwaites,  1896-1901,  vol.  43,  p.  153)  20  paces;  Holm 
(1702;  1834.  p.  53)  100  yards;  Lahontan  (1703,  vol.  1,  p.  242)  30  paces;  Daudin 
(1801-4.  vol.  5,  p.  299)  60  feet;  Bosc  (1803,  p.  552)  12  to  15  feet;  Shaler  (1872»  p. 
33)  100  feet;  Flack  (1866,  p.  316)  100  feet;  Mivart  (1888,  p.  293)  10  to  20  yards; 
Carman  (1889,  p.  177)  8  rods;  Ritter  (1921,  p.  30)  80  paces;  Anderson  (1951,  p.  8) 
160  yards;  Herrick  (1953,  p.  23)  10  yards. 

Ross  Allen  reports  that  a  large  erisfrrn  diamond  rattler  with  a  string  of  16 
rattles  could  be  heard  105  feet  when  ilicre  were  no  obstructions  and  no  wind. 
Against  the  wind  it  could  be  heard  between  25  and  40  feet. 

One  of  my  correspondents  re[x)rts: 

Two  ralllcrs  were  fuund  ai  ilic  edge  of  a  gopher  hole,  along  a  fence  line  where  rocks  were 
scarce  and  the  gran  waa  graaed  short.  They  started  rattling  so  we  could  hear  them  when  we 

were  TOO  fret  from  tlu  in.  The  distance  is  fairly  accurate  because  1  was  working  as  n  clKiinman 
surveying  a  line  along  ihc  fence  when  I  found  ihcm.  C.  K.  Lyman,  Newport,  W  ash. 

Another  said  that  a  laige  western  diamond  (C.  atrox)  could  be  heard  200  feet 

away. 

Several  writers  comment  on  the  greater  danger  from  the  pigniy  rattier  {S. 
milinrius)  because  its  tiny  rattle  can  haiclly  be  heard  at  all  (Say,  1819,  p.  203: 
1  i.vier,  1841;  1940,  p.  76;  Robinson,  1896,  p.  711).  A  correspondent  advised  me 
that  this  little  snake  could  not  be  heard  beyond  5  feet.  Allen  and  Neill  (1950b, 
p.  10)  give  the  distance  as  "a  few  yards."  However,  it  should  also  be  mentioned 
that  the  minute  size  of  the  snake,  with  its  meager  supply  of  venom  and  short 
fangs,  greatly  minimizes  any  danger  from  it,  regardless  of  the  slight  audibility 
of  the  rattle. 

I  exjx'rimented  in  a  closed  room  with  adults  of  three  species  of  rattlers  having 
notably  small  rattles.  A  long-tailed  rattler  (C.  stejncgen)  was  audible  at  from  4 
to  6  feet.  One  central-plateau  dusky  rattler  (C.  /.  triseriatus)  could  be  heard  at 
10  feet,  but  only  if  attention  were  focused  on  it.  Certainly  it  would  not  have 
attracted  attention  at  that  distance.  Another  individual  could  not  be  heard  beyond 
4  feet.  The  rattle  of  an  Omilteman  small-headed  rattlor  (C.  i.  omiltemanus)  was 
audible  as  a  faint  buzz  at  7  feet.  It  is  evident  that  such  rattles  as  these  tiny  affairs 
have  retained  little  value  as  warning  devices. 
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Rivers  (1874,  p.  507)  says  it  is  not  easy  to  locate  an  invisible  rattler  from  the 
sound,  as  it  scciiis  to  coiiu'  from  all  directions.  1  here  is  ]irobabl\  an  ckiiient  of 
truth  in  this,  although  tin  \ cntrilot|uistic  effect  is  not  consj^ic  uous  uuliss  there 
arc  intervening  rocks  or  sluubbery.  Fox  (1948,  p.  t)3^  was  unable  to  tell  at  first 
where  the  sound  was  coming  from,  when  he  stepped  on  an  eastern  massasauga 
(5.  c.  catenatus)  that  continued  to  strike  vainly  at  his  boot 

Much  has  been  written  of  the  variations  in  the  sound  of  the  rattle  that  a 
rattlesnake  may  pnxluce  at  will — a  "variety  of  cadences"  in  the  words  of  Hopley 
(1882,  p.  3]2).  While  the  speed  of  vibration  has  been  shown  elsewhere  (p.  241) 
to  be  largely  dependent  on  temperature,  it  is  probable  that  the  snake  has  some 
control  over  both  the  frequency  and  the  amplitude  of  vibration,  and  therefore 
of  the  tone  and  intensity  of  tlie  sound,  l  hat  theie  is  some  degree  of  control  over 
this  intensity  can  be  proved  if  we  aggravate  the  annoyance  of  a  snake  that  is  already 
rattling,  thus  causing  it  to  increase  its  muscular  activity.  However,  most  of  the 
varying  soufids  attributed  to  the  rattles  are  exaggerated  or  fictitious,  being  cited 
to  prove  a  duality  of  rattle  use  that  does  not  exist.  Cr&vecoeur  (1782,  p.  240;  1783, 
p.  101;  Bingley,  1803,  vol.  3,  p.  75)  said  the  sound  of  the  rattle  is  loud  and  shrill 
when  the  snake  is  angry  but  faint  when  it  is  pleased.  Nicholson  (1877,  p.  266) 
had  one  in  captivity  that  could  play  several  different  notes  indicative  of  anger, 
pleasure,  or  loneliness.  Garman  (1883,  p.  xxvi)  said  the  rattle  was  used  energeti- 
cally to  indicate  anger,  but  softly  as  a  mating  call.  Rutledge  (1932,  p.  5S)  said  he 
watched  two  undisturbed  rattlers  softly  signaling  to  each  other.  Rut  Mack  (1806, 
p.  310)  and  Ingersoll  (1881a,  p.  403),  on  a  more  realistic  j>lane,  noted  only  that 
the  loudness  of  the  sound  varied  with  the  degree  of  the  snake's  anger  or  apprehen- 
sion. Kunz^  (1879,  p.  309)  thought  that  snakes  rattled  louder  in  hot  weather.  It 
is  now  known  that  the  speed  of  vibration  increases  with  higher  temperatures. 

Crites  (1952,  pp.  54,  62)  believed  a  rattlesnake  able  to  sound  three  cadences 
with  the  rattle:  first,  an  alarm;  secondly,  a  milder  sound  when  crooning  to  its 
young;  and,  finally,  a  conversational  tone  when  mating.  As  mother  rattlesnakes 
do  not  remain  with  their  young,  and  mating  rattlers  do  not  rattle,  there  is  no 
verification  of  these  variations  in  sound  tor  different  purposes. 

It  is  commonly  observed  of  captive  snakes  tliat  many  of  them — perhaps  a  ma- 
jority— beeomc  .so  accustomed  to  the  jjresente  of  jK()j)Ie  that  they  must  be  deliber- 
ately annoyed  to  be  made  to  rattle.  In  fact  some  wild  rattlers,  particularly  red 
diamonds  (C.  r.  ruber),  will  often  rattle  only  after  being  prodded  with  a  stick. 

Since  Dudley  first  suted  in  1723  (p.  293)  that  the  Indians  were  afraid  to  traverse 
the  woods  in  wet  weather  because  the  rattlers'  rattles  would  be  inaudible,  the 
story  has  been  often  repeated  (Kalm,  1752-53,  p.  316;  Pennant,  1787,  p.  88; 
Lac^pcdc.  1788-89.  vol  2.  p.  412.  Kerr,  1802,  vol.  4,  p.  267:  Winterbotham.  1795. 
p.  406).  It  may  be  doubted  whether  such  expert  woodsmen  as  the  Indians  were 
really  influenced  by  this  supj>osedly  increased  danger.  Others  who  have  commented 
on  the  added  ha/aid  n  suiting  from  wet  rattles  (but  not  necessarily  as  a  hazard  to 
Indians)  have  been  Wesley  (1784.  vol.  2,  p.  37),  T.  Smith  (1800-7,  p.  81),  ^Vuert- 
temberg  (1835;  1938,  pp.  133,  275).  LeConte  (1858.  p.  664).  Nicholson  (1877.  p. 
266),  Cheney  (1886,  p.  185),  Adair  (1930.  p.  62),  Gowanloch  (1934,  p.  8;  1943, 
p.  57),  Gharpurey  (1935,  p.  154),  and  Jackley  (1946a,  p.  1). 


Copyrighted  material 


268       The  Rattle 


As  a  niaLlcr  of  fan,  there  is  a  consitUi .it)k'  \aiiatioii  in  the  (U-guc  to  wliirli 
the  ruUics  arc  inulllcU  by  dainpucbs,  ^VIlc'n  tlic  snakes  have  been  swinmuug,  with 
the  rattles  under  water — ^those  that  I  have  watched  made  no  attempt  to  keep  the 
rattles  above  water,  as  often  reported — ^they  usually  become  so  water-soaked  that 
they  make  little  noise  until  they  have  had  an  opportunity  to  dry  out  or  until 
the  water  has  b(  (  ti  tlioroughly  shaken  out  of  them.  This  is  particularly  true  if  the 
snake,  by  rattling  in  the  water,  has  caused  the  lobes  to  become  filled,  through 
the  interstices  between  them. 

Ailair  (lO.S't,  ]>.  iVI)  thought  tli.it  shedding  also  interfered  with  the  snake's  ability 
to  rattle,  but  it  seems  to  have  little  effect.  Actually,  a  snake  whose  sight  is  ham- 
pered by  the  blue-eyed  stage  of  shedding  may  be  the  more  likely  to  rattle  upon 
sensing  an  intruder. 

R.  £.  Gordon  wrote  me  of  a  belief  in  Georgia  to  the  effect  that  rattlers  lay 
their  heads  on  their  rattles  when  sleeping  to  keep  the  dew  from  dampening  them. 
Another  myth,  of  wliich  I  was  told  by  Major  Chapman  Grant,  is  that  rattlers 
will  not  rattle  aftei  daik,  a  yarn  in  which  no  credence  will  be  placed  by  anyone 
who  has  hunted  them  at  night. 

Rattle  Nomenclature 

Some  of  the  misunderstandings  and  doubts  that  have  arisen  regarding  rattle 
development  and  structure,  have  been  caused  by  a  lack  of  consistoacy  in  terminol- 
ogy. To  facilitate  the  discussion  that  follows  I  shall  list  the  usages  currently  applied. 

The  complete  caudal  appendage  of  the  rattlesnake  is  called  the  ratile,  although 
it  may  alternatively  be  referred  to  as  the  rattle  sfrt'tiir  to  distinguish  the  entire 
set  from  the  several  jku  ts,  ea<  h  ot  whic  h  may  be  refeni  tl  to  as  a  lattlc.  To  avoid 
this  possible  source  of  misunderstanding  it  is  probably  best  to  use  the  term 
segment  for  the  individual  parts  of  a  rattle.  The  segment,  in  turn,  comprises 
from  one  to  three  (occasionally  four)  lobes;  three  lobes  constitute  each  segment 
of  most  adult  rattles.  An  alternative  name  for  a  lobe  is  a  ring;  however,  this  has 
also  been  used  as  synonymous  with  segment,  for  which  reason  I  do  not  favor  the 
term.  The  segment  joining  the  string  to  the  tail  of  a  rattlesnake  may  be  referred 
to  as  the  proximal,  anterior,  or  attarfird  segment,  that  at  the  opposite  end  being 
the  distal,  posterior,  or  trrnii)iiil  segmeiu  (figs.  5:1  and  5:2).  1  he  posterior  is  ilie 
oldc  Nt  remaining  segment,  ;nul  the  antei  ior  is  the  one  most  recently  formed.  W  hen 
a  proximal  or  attached  segment  is  replaced  by  a  new  attached  segment,  the  foimer 
becomes  a  cast  segment. 

Viewed  in  a  transverse  cross  section,  rattles  have  a  wide  and  a  narrow  dimen- 
sion. The  broad  side  may  be  referred  to  as  the  vertical  or  lateral  face;  while  the 
narrow  side  is  the  Jiorizonfal,  dorsal^  or  ventral  fate.  The  length  of  a  rattle,  a 
segment,  or  a  lobe,  is  the  length  measured  in  the  direction  of  the  axis  of  the 
snake;  the  xvidtJi  of  a  segment  is  presiniicd  to  be  the  maxinunn  distance  across 
its  largest,  or  exterior  l()l)e,  measured  across  the  vertical  aspect,  that  is,  fiom  the 
dorsal  (top)  to  the  ventral  (bottom)  of  the  lobe,  I  his  may  be  more  particularly 
defined  as  the  dorso-ventral  width  (i^.  5:2). 

The  prebutton  is  the  segment  that  comprises  the  entire  rattle  that  the  snake 
has  at  birth  (fig.  5:3).  This  is  invariably  shed  and  lost  with  the  snake's  first  exuvia- 
tion a  few  days  after  birth;  it  is  never  retained  as  a  part  of  the  permanent  string. 
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The  button  is  the  first  retained  rattle  (figs.  5:1,  5:4,  and  5:5);  it  invariably  com- 
prises the  posterior  segment  of  every  rattle  strinp^,  provided  the  strintj;  is  complete. 
No  tctni  has  been  more  misuiidcistOfKl.  C)(casionall\  ihv  woid  billion  has  been 
used  to  designate  the  proximal  segment,  because  this  'buttons"  the  string  to  tlie 
snake's  tail.  More  often  it  is  used  to  designate  the  posterior  lobe  of  the  distal 
segment  of  a  string  regardless  of  whether  or  not  the  string  is  complete  (Bumpus, 
1885,  vol.  3,  p.  398).  Under  this  terminology  every  string  comprises  "blank  rattles 
and  a  button."  Curran  and  KaufFeld  (1937,  p.  48)  use  the  term  button  as  inter- 
changeable with  segment,  thus  adding  to  the  confusion.  I  shall  use  it  only  to 


Fig.  T:!.  Rattle  terminology— 
a  cuiiiplcie  string. 


ing  also  the  method  of  measuring  the  width  Fig.  5:5.  A  raule-string  comprising  a 

of  a  segment.  buttim  and  a  No.  2  rattle. 

indicate  the  first  permanent  segment  acquired  by  a  snake,  that  is,  the  distal  seg- 
ment of  any  complete  String.  By  a  complete  string  is  meant  any  string  from  which 

no  segment  has  })ccn  separated  by  I)reakage  or  loss,  siibscciucnt  to  the  invaiiable 
loss  of  th(-  j)iebutton.  The  earliest  use  of  the  term  button  that  1  have  found,  is 
that  by  llolley  in  1836  (p.  101). 

The  corrugated  and  hidden  tip  of  the  rattlesnake's  tail,  u]>on  which  the  rattle 
is  formed,  has  been  termed  the  end-body  by  some,  but  I  prefer  matrix.  The 
coalesced  bony  structure,  the  termination  of  die  snake's  vertebral  column  within 
the  matrix,  is  usually  termed  the  style  or  shaker.  Ziminermann  and  Pope  (1948, 
p.  363)  define  the  several  layers  of  the  matrix  as  comprising  the  epidermis,  derma, 
connective  tissue,  and  style. 

The  rattle-number  is  the  serial  numl)er  of  anv  s(<j,Tnent  in  a  (omplcte  string. 
beginnin<,r  with  the  button  as  jattle  No.  I,  the  next  as  No.  2.  etc.  Rattle-iunnbers 
can  be  determined  positively  only  if  a  string  is  complete,  in  keeping  records  of 
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the  condition  of  the  rattle  strings  on  individual  snakes,  I  use  such  designations 
as  n+  or  9c,  the  first  indicating  an  incomplete  strino;  of  rattles,  the  second  a 
complete  string  of  9  rattles.  Occasionally  such  figures  as  7  Ic  mav  be  used  to 
indicate  a  siring  from  whidi  it  is  aj^pareiit  tliat  oulv  one  segment  has  been  lost. 
As  pointed  out  elsewhere  (p.  310),  it  is  not  often  iliat  one  can  be  sure  how  many 
segments  have  been  lost;  it  is  rarely  safe  to  make  a  guess  from  dinwnsional  data, 
if  more  than  two  are  missing.  I  see  no  advantage  in  the  more  complicated  rattle 
numbering  system  adopted  by  Woodbury  and  his  associates  (Heyrend  and  Call, 
1951.  p.  29). 

The  material  of  which  the  rattle  is  composed  (keratin)  becomes  hardened  or 
homified  by  the  process  known  as  keratinizing  or  keratinization. 

The  Character  of  the  Sound 

The  term  "rattle"  is  to  some  degree  a  misnomer,  when  applied  to  the  noise  made 
by  a  rattlesnake;  for  "rattle,"  by  definition,  implies  discontinuous  or  discrete 
sounds,  whereas  the  separate  sounds  emanating  from  a  snake's  rattle  are  much 
too  dosely  spaced  to  be  perceived  by  the  human  ear.  The  result  is  a  toneless'  buzz, 
or,  in  the  case  of  the  larger  snakes,  a  strident  hiss.  Hogan  (1950,  p.  9)  well  refers  to 
the  sound  as  a  "siss." 

Without  mechanical  means,  such  as  an  electric  vibrator,  it  is  quite  impossible 
to  imitate,  by  shaking  a  snake's  rattle,  the  sounil  made  by  a  live  snake,  for  one 
cannot  approach  the  snake's  speed  of  vibration.  In  the  early  days,  before  live 
rattlesnakes  were  brought  to  Europe,  people  assumed  that  the  rattle  sounded 
in  nature  like  the  noise  made  by  one  shaken  in  the  hand,  and  this  led  to  decep- 
tive ideas  that  were  long  prevalent.  As  early  as  1658,  a  Jesuit  priest  correctly 
observed  that  it  was  impossible  to  simulate  the  sound  made  by  a  snake,  by  shak- 
ing a  rattle  in  the  hand  (Thwaites.  1896-1901,  vol.  4S,  p.  153). 

Other  misunderstandings  resulted  from  the  names  applied  to  the  organ.  For 
the  rattle  or  rattle  lobes,  the  earliest  accounts  used  the  Spanish  cascabel  (Cicca, 
1554)  and  the  Poriugucse  term  cascavel  (Magalhacs  de  Gandavo,  1576,  fol.  21'') 
meaning  "a  small  bell  ":  so  it  is  not  strange  that  an  early  English  report  (Purchas, 
1614,  p.  842)  should  refer  to  the  snake  "which  hath  a  bell  in  his  tayle,"  or  that 
one  of  the  first  Latin  descriptions  (Piso,  1648,  p.  41)  should  use  the  term  tiniin- 
nabuli,  meanii^  bells.  Thus  we  have  several  early  reports  likening  the  sound 
of  the  rattle  to  that  of  bdls  or  cymbals  (Marcgravius,  1648,  p.  240;  Jonstonus, 
1655.  p.  26;  1657,  p.  23;  Michel,  1916,  p.  39,  but  written  in  1708).  Such  terms  arc 
not  at  all  appropriate.  Neither  are  the  references  to  continuous  clicking  sounds 
(Bonnecamps,  1920,  p.  403,  but  written  in  1749;  Thwaites,  1896-1901,  vol.  69, 
p.  167:  AValsh,  Hli:i,  p.  716). 

Some  descriptions  liken  the  sound  to  a  child's  rattle  (Budd,  1685,  p.  35;  Bossu, 
1771,  p.  363;  Dobrizhoffer,  1822,  vol.  2,  p.  287,  fust  published  in  1784;  Holm, 
1834,  p.  53.  first  published  in  1702).  If  the  children's  rattles  of  those  days  were 
hollow,  nonmetallic  devices,  containing  sand  or  seeds,  the  simile  is  apt.  Cham- 
plain  in  about  1602  (Biggar,  19S2-S6,  plate  46)  actually  pictured  a  snake  with 
what  appears  to  be  a  child's  rattle  or  bell  on  its  tail. 

^  That  is,  (hy  ami  luspiiig,  without  l  uin.  ring,  or  metallic  overtones.  It  is  not  toneless  in  the  sense 
ol  lacking  a  substaatially  cunsiaiu  trcquency. 
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Other  mechanical  devices  were  mentioned,  such  as  many  spinning  wheels  heard 
at  a  distance  (Kalm,  1752-53,  p.  313),  the  released  spring  of  a  watch  (Daudin, 
1801—1,  vol.  5,  p.  299),  the  ticking  ot  many  watches  (McKenney,  1816,  p.  114), 
or  an  alarm  clock  (Gharpurcy,  1935,  p.  44).  Hartwig  (1873,  p.  298)  thought  the 
rattle  sounded  like  a  knife  being  ground;  and  Lacepede  (1788-89,  vol.  2,  p.  407; 
Kerr's  translation,  1802,  vol.  4,  p.  261;  Fleming,  1822,  vol.  2.  p.  293)  like  the 
rumpling  of  dry  parchment  Bosc  (1803,  p.  552)  said  it  could  be  imitated  by 
rubbing  two  goose  feathers  together.  Simooe  {1911,  p.  196)  referred  to  the  sound 
as  whizzing,  Thompson  (1924,  p.  71)  as  %vhistling,  and  Kiplinq  (1928,  p.  18)  as 
sizzling.  Hoplcy  (1882,  p.  300)  called  the  sound  sibilant.  O.  \V.  Holmes  in  Elsie 
Vennrr  (1861,  vol.  1,  p.  238)  called  the  sound  a  "long  loud  slinging  whirr." 
Boulenger  (1914,  j).  184)  siioi>csts  a  resemblance  to  running  water.  Several  authors 
believe  the  sound  to  be  siiiiilar  to  that  of  dried  peas  or  beans  shaken  in  the  jjod 
(Juan  and  Ulloa,  1758,  vol.  1,  p.  62;  Hopley,  1882,  p.  300;  Kipling,  1928,  p.  18; 
Gillespie,  1937,  p.  132),  or  melon  seeds  shaken  in  a  box  (Galin^e.  1669«  190S» 
p.  41;  Kellogg,  1917.  p.  190). 

A  number  of  writers  liken  the  sound  of  the  rattle  to  that  of  various  insects 
referred  to  as  cicadas,  locusts,  crickets,  or  grasshoppers  (Megapolensis,  1644,  p. 
169,  cd.  of  1909;  Paul  de  Jcunc,  1657,  in  Kenton,  1927,  vol.  2,  p.  85:  also  in 
Thwaites.  189r>-1901.  vol.  4.3,  p.  153;  Charlevoix,  1761.  vol.  1,  p.  343:  Real,  1872, 
p.  310;  Hinton,  1878,  p.  339;  Anon.,  1891,  p.  124).  l  o  anyone  knowing  the  lf)ose 
way  in  which  such  entomological  names  arc  employed,  these  beliefs  are  probably 
well  justified.  There  are,  for  example,  species  of  dcadas  in  southern  California 
and  Arizona  whose  strident  buzz  is  so  rattlesnake-like  that  they  are  quite  deceiv- 
ing to  the  rattlesnake  expert,  and  presumably  to  the  entomologist  as  well.  Hinton 
(1878,  p.  339)  claimed  that  the  cicada  could  be  recognized  by  its  sliorter,  more 
uneven  rhythm,  but  this  is  not  true  of  some  that  I  have  heard.  Anon.  (1947b, 
p.  8)  suggested  that  they  might  be  distinguishccl  because  the  insect's  bu/z  would 
cease  as  one  drew  near,  whereas  the  rattler  would  <;(  t  louder,  but  1  have  encoun- 
tered cicadas  that  would  persist  until  one  almost  touched  them. 

Several  authors  have  likened  ilic  rattle  to  the  buzzing  of  a  large  bee  (Harris, 
1821,  p.  69;  Fitch,  1903,  p.  315).  Bieber  (1936,  p.  292)  tells  of  a  military  camp 
in  1847  alerted  at  night  because  a  buzzing  bumble  bee  was  entangled  in  a  buffalo 
robe.  I  have  never  heard  a  bee  that  compared  with  a  cicada  as  a  rattle  imitator. 
Darwin  (1873,  p.  107)  reported  that  the  rattle  sounded  like  the  hiss  of  an  African 
puff  adder,  only  louder.  Our  loudest  North  American  hissers,  the  bull  or  gopher 
snakes  of  the  genus  Pituophis,  can  readilv  be  distinguished  from  the  sound  of 
the  rattle  because  their  hiss  is  intermittent.  Beadle  (1879,  p.  133)  thought  the 
sounds  somewhat  alike. 

Other  sounds  rcix>rted  as  being  similar  to  the  rattle  ol  a  rattlesnake  are  blow- 
ing through  loose  lips  (Duges,  1879,  p.  3;  Terron,  1921,  p.  182),  the  wind  in  the 
trees,  the  hissing  of  a  hard  rain,  or  escaping  steam  (Surface,  1906,  p.  191).  To 
my  mind,  I  should  choose,  as  those  having  the  best  likeness,  cither  a  small  steam 
jet  or  some  s|x:cies  of  cicada.  Duncan  (1945,  p.  172)  said  that  a  rattle  sounds 
like  a  IfKust  when  the  snake  is  not  seriously  disturbed,  but  like  a  pressure  cooker 
with  the  safety  valve  open  when  the  snake  is  really  angered.  Many  of  the  other 
comparisons  are  quite  inappropriate.  In  any  case,  it  should  be  remembered  that 
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the  sound  of  a  lalLle  is  cssi  iiliallv  a  iiiss,  and  anv  noise  that  docs  not  answer 
to  this  charactt'ii/ation  is  ill-chosen  as  a  rattle  substitute.  The  best  human  imita- 
tion can  be  made  by  hissing  through  the  teeth  with  the  lips  parted. 

Throughout  this  discussion  of  rattle  similitude,  I  have  treated  the  subject  as 
if  all  rattlesnakes  of  all  species  and  ages  made  the  same  sound.  This  is,  of  course, 
far  from  the  fact;  my  remarks,  and  those  that  I  have  quoted,  are  apjiropriate 
only  respecting  achdt  rattlers  of  the  larger  species,  and  even  these  only  when 
ecun'ppcd  with  rattle  strings  of  some  5  to  10  rattles.  Species  and  size  differences 
will  be  mentioned  sul)si(|ucntlv. 

It  is  well  known  iliai  nian\  kinds  ol  snakes,  both  harndess  and  vtnunious, 
vibrate  their  tails  when  angeied  or  frighiened.  Occasionally,  when  the  tail  is 
shaken  amid  dry  leaves,  a  fairly  good  ajiproximation  to  the  sound  of  a  rattle 
may  be  attained.  Reuss  (1951,  p.  144)  says  that  one  of  the  rat  snakes  (Elaphe 
obsoleta  quadrivittata)  can  make  a  hornet-like  humming  noise  with  its  vibrat- 
ing tail. 

Some  Old  World  vipers,  including  the  saw-scaleil  viper (£r///.v  rnrintitns)  and 
the  sand  viper  {Aapi'i  -I'ipern),  make  rustlin*;  sounds  by  rubbing  the  lateral  scales 
of  two  bodv  1()()JJ^  together.  We  have  the  word  of  Mosauer  (I^)'^l,  p.  01),  who 
had  held  experience  with  the  reptiles  o£  both  the  Saharan  and  the  American 
deserts,  that  the  sound  produced  is  like  the  rattle  of  a  rattlesnake.  Rose  (1950, 
p.  260)  says  the  African  egg-eating  snake  {Dasypeltis  scabra)  also  makes  a  hissing 
sound  by  rubbing  its  coils  together.  It  is  interesting  to  note  that  these  sounds, 
like  the  rattling  of  a  rattlesnake,  are  warning  reactions  producing  somewhat 
simUar  sounds,  but  using  quite  difTcrcnt  mechanisms. 

Garman  (1S82.  p.  171)  and  Grinmll.  Dixon,  and  Liirsdale  (\9'^0,  p.  VlCy)  have 
reported  that  the  young  of  the  northei  n  t)urrowing  owl  (Sprotyio  cuiiinilaria 
hypugaea)  can  make  a  noise  so  like  a  rattlesnake  as  to  detei\e  an  exjxiienced 
naturalist.  These  owls  live  in  prairie-dog  towns  that  are  also  inhabitetl  by  rat- 
tlers, and  the  authors  think  this  imitation  may  protect  the  owlets  from  enemies 
that  fear  the  snakes.  Linsdale  and  Tevis  (1951,  p.  235)  observe  that  a  California 
ground  squirrel  can  chatter  its  teeth  with  a  sound  like  that  made  by  a  rattler. 

Mrrnoi)  o\  X  inKAiiox  and  iiii  Pkohm  iio.n  oi  Soind 

When  a  coiled  snake  is  rattling,  the  rattle  string  is  jjointed  ahiKJst  verticallv, 
although  tippetl  slightly  l)ackward.  At  this  angle — ai)out  10  from  the  veitical — 
the  rattle  is  in  a  position  of  balance,  owing  to  the  asymmetry  of  the  lobes,  as 
discussed  later.  By  being  in  balance  is  meant  that  the  string  will  have  no  tendency 
to  tip  in  any  direction.  However,  because  of  the  asymmetry,  it  can  tip  much 
farther  forwsucd  than  back,  and  it  is  normally  held  at  a  slightly  greater  backward 
tilt  than  a  position  of  j^erfect  balance,  thus  avoiding  the  possibility  of  having 
the  end  fall  forward.  In  this  balanced  position,  it  will  deliver  the  maximum 
noise  lor  a  given  expenditure  of  energy  and  with  the  least  wear.  The  vibration 
is  always  transverse  or  lateral,  at  right  angles  to  the  center  line  oi  the  tail  and  to 
the  fiat  or  side  lace  of  the  rattle. 

On  several  occasions  I  have  watdied  the  operaticm  of  a  sounding  rattle  under 
the  light  of  a  variable-frequency  neon  stroboscope.  Snakes  with  particularly 
long  rattle  strings  were  used.  It  was  most  interesting  to  see  the  previous  assump- 
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tions  concerning  the  nature  of  the  vibration  borne  out  in  tlicsc  visual  tests.  With 
the  stroboscopic  light  regulated  to  a  frequency  just  below  that  of  tlu:  snake's  tail, 
tiie  waves  could  be  clearly  seen  going  out  from  tlic  tail  to  the  end  ot  the  rattle 
string.  TJie  amplitude  increases  as  the  wave  moves  outward,  because  of  the  cumu- 
lative looseness  of  the  interlocks  between  segments.  The  wave  is  much  like  that 
which  may  be  sent  along  a  loose  rope. 

If  the  segments  of  a  rattle  are  moved  slowly,  with  a  transverse  motion  similar 
to  that  seen  under  the  stroboscopic  li^t,  the  method  whereby  the  sound  is  pro* 
duced  may  be  analyzed.  Between  each  lobe  of  each  segment,  and  the  interlocking 
lobe  of  the  segment  within,  a  succession  of  contacts  and  separations  is  produced, 
especially  on  the  dcej)  t^iooNe  snit:i(cs  (fig,  jilH).  \o  doubt  each  pair  clashes  at  a 
number  of  diflerent  j)()inLs,  so  that  several  distinct  sounds  are  produced,  as  the 
wave  passes  each  lobe.  I  he  total  number  of  sounds  per  cycle  ccjuals  twice  the 
number  ot  effective  s^ments  multiplied  by  the  contacts  per  segment.  Assuming 
only  one  contact  per  side  of  each  segment,  3  lobes  per  segment,  and  a  6-rattle 
string,  at  50  cycles  per  second  (an  average  number),  we  have  1,000  contacts  per 
second.  It  is  obvious  that  a  frequency  such  as  this  will  result  in  a  hiss  rather  than 
discrete  sounds.  A  young  rattler  with  only  two  rattles  makes  about  100  contacts 
jx^r  second;  the  result  is  a  much  softer  bu//  than  the  hiss  of  an  adult.  SiiKe  the 
rattle  is  hollow,  dry,  and  the  mat(  rial  somewhat  pliable,  like  heavy  parchment, 
the  soiuid  is  luuuetallic,  lacking  uuisical  cjuality. 

In  addition  to  the  ordinary  high-speed  vibratory  motion,  the  snake,  while  rat- 
tlii^,  often  waves  the  tail  slowly  from  side  to  side. 

There  are  several  myths  concerning  the  method  of  producing  sound  vrith  the 
rattle.  One,  current  in  Kentucky,  is  that  a  rattle,  when  cut  off  from  a  snake's 
tail,  if  held  in  the  hand  will  continue  to  vibrate  for  about  three  hours.  Fountain 
(1901,  p.  80)  thought  it  necessary  to  deny  that  the  rattle  sound  was  merely  tlie 
result  of  rubbing  the  tattle  on  the  ground  or  grass.  'I'he  relationshij)  of  this  idea 
to  tin  e(]nally  erroneous  one  that  the  rattle  always  sounds  when  the  snake  moves, 
is  apparent. 

There  is  no  indication  of  species  ditterences  warranting  the  suggestion  by 
Moore  (1951,  p.  229)  that  the  rattle  serves  for  species  recognition.  Differences  in 
size,  within  a  species,  will  cause  greater  differences  in  the  sound  produced  than 
would  be  evidenced  between  snakes  of  the  same  size,  but  of  different  species. 
And  besides,  rattlers  are  deaf. 

Speed  of  Vibraiion 

^Vrote  John  Clayton  in  KiSS  (publisluti  m  iti".);!.  p.  12()):  "fhe  Old  [i  attlesnakcs] 
shake  and  shiver  these  Rattles  with  wouderlul  nimbleuess  when  they  are  any 
^vays  disturbed."  No  one  can  watch  a  rattler's  tail  in  action,  without  being  simi- 
larly impressed,  for  the  tail  end,  and  the  rattles  as  well,  are  blurred  by  the  rapidity 
of  their  motion.  Mitchell  (1860,  p.  3)  referred  to  the  '^rvelloudy  rapid  action"  of 
the  rattles.  Ingersoll  (1884a,  p.  400)  thought  the  speed  could  only  be  approached 
in  nature  by  the  hummingbird's  \\ings. 

The  first  serious  attempt  to  measure  the  speed  of  the  rattle  \\as  made  by  Oit 
(1882,  p.  514)  by  means  of  a  revolving  drum  k\mot;raph.  He  found  the  rate  of 
vibration  to  be  about  60  cycles  per  second.  Fcoktistow  (1889,  p.  4;  1893,  p.  57; 
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Stejnegci,  ISO'),  p.  388)  attempted  to  make  similar  measumiients.  lie  (jbiaiiied  a 
rate  of  75  vibrations  per  minute  lor  die  tail  and  1  lU  tor  the  rattle.  1  assume  that 
minute  should  read  second;  but  even  so,  the  test  seems  to  have  been  faulty,  for 
it  is  difficult  to  understand  how  the  tail  and  rattle  could  have  different  vibratory 
rates.  In  fact,  watching  the  operation  of  a  rattle  under  stroboscopic  lig^t  dis- 
closes a  synchronized  motion  of  tail  and  rattle,  as  would  be  presumed  from  the 
nature  of  the  muscular  efTort  applied.  Williams  (1920,  p.  15)  made  tests  on  a 
western  diamondback  (C  atrox)  and  secured  avcrajrc  rates  of  20  to  21.1  cycles, 
with  a  considerable  \ariation  in  sue(essi\e  cycles.  1  he  pitch  oi  the  rattle  sound 
was  jucisj;c  cl  by  musicians  to  be  between  C  and  C-sharp,  or  from  128  to  135  vibra- 
tions per  second." 

Over  a  period  of  some  six  years,  1935  to  1940,  I  made  a  number  of  tests  on 
rattle  speeds,  and  published  the  results  in  the  latter  year  (1940b,  p.  13).  The  fol- 
lowing is  an  abridgment  of  that  report: 

To  secure  speed  records,  a  simple  kymo}i;;raph,  driven  by  a  synchronous  motor 
on  a  controlled-frequency  circuit,  was  employed,  with  stylographic  paper  on  the 
drum.  For  registration,  a  j)in  was  run  vertically  through  the  proximal  segment 
of  the  rattle,  with  the  poiiu  inserted  downward  betwc*  ii  the  lattle  shell  and  the 
Hesh  ot  the  matrix.  1  he  snake  was  held  with  the  neck  in  the  lett  hand  and  the 
posterior  part  of  the  body  in  the  right.  The  vibrating  tail  was  then  lowered  until 
the  pin  touched  the  kymograph  drum.  As  it  was  later  found  that  the  speed  of 
vibration  was  characteristic  of  each  snake,  and  its  condition  and  disposition,  rather 
than  the  weight  of  the  rattle  string,  it  is  believed  that  the  pin  weight  did  not  affect 
the  result.  Similarly,  as  the  scratch  on  the  waxed  surface  was  usually  so  fine  as  to 
require  a  magnifier  for  its  examination,  the  drag  of  the  pin  is  not  thought  to  have 
been  a  source  of  serious  error. 

Altogether,  173  records  were  made  on  81  snakes  oi  2U  dillerent  species  and 
subspecies.  It  was  found  possible  to  get  good  records  in  most  cases  wlu  n  large 
specimens  not  long  in  captivity  were  used.  The  juveniles  of  the  large  species,  or 
adult  snakes  of  the  smaller  forms,  did  not  produce  legible  records.  Specimens 
long  in  captivity  seldom  reacted  efficiently:  and  even  fresh  specimens  often  refused 
to  rattle  properly,  after  being  held  for  a  few  moments,  in  spite  of  being  vigorously 
pinched. 

.Although  I  suspect  that  ilu  ie  may  be  some  specific  differences  in  rattle  s))ecd — 
tlu-  longer-tailed  forms,  such  as  the  Central  American  rattler  (C  d.  durissus), 
vibrating  their  tails  at  a  slower  rate  than  the  southern  Pacific  rattler  (C  j'.  lu  lieri), 
for  example — I  soon  gave  up  any  hope  of  proving  this  statistically,  for  various 
other  conditions,  such  as  the  temperature  and  the  degree  of  ango*  or  fear  evi- 
denced by  the  snake,  produce  such  wide  variations  as  to  mask  completely  any 
species  differences. 

The  kymograph  records  indicate  that,  for  each  snake,  under  specific  conditions, 

the  rattle  attains  fidl  or  c  hararferistic  speed  Avithin  a  few  cvcles — there  is  no 
gradual  coming  up  to  speed.  1  he  same  conclusion  was  reached  iiom  oi)sei  \  at  ion 
of  snakes  making  the  spasmodic  or  nervous  clicks  with  which  they  olten  l)egin 
or  end  a  sound  of  the  rattle:  these  arc  really  short  runs  of  the  rattle  at  fidl  speed. 

•  Ihc  dilk-iciicc  between  latilc  rate  and  the  lone  is  to  be  accuunicd  lor  by  the  nunilx^r  ol  lol>e 
impacts  per  cycle.  The  lattle  rate  is  so  low  that  the  accuracy  of  the  method  inay  be  questioned. 
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However,  there  arc  occasional  variations  within  sliort  ranges.  For  example,  a 
specimen  of  the  Panainiiit  rattler  (C.  m.  stephensi)  changed  from  a  speed  of  54 
cycles  j)er  second  to  1,5  within  two  tydes. 

The  tail  vibration  seems  closely  to  follow  simple  harmonit  motion.  1  o  amplily 
the  kymograph  record,  a  needle  was  run  longitudinally  down  the  center  of  the 
long  rattle  string  of  a  laige  snake,  thus  making  it  a  rigid,  but  light,  extension  of 
the  taiL  The  end  of  the  needle  was  allowed  to  touch  the  kymograph  drum  and  the 
resultant  curves  were  photographically  enlarged.  The  wave  was  analyzed  and 
found  to  be  almost  a  pure  sine  wave,  the  third  and  fifth  liarmonics  having  an 
am])litiide  of  only  about  3  per  cent  of  the  fundamental,  and  the  higher  harmonics 
1  per  cent  or  less. 

I  have  stated  that  the  wave,  as  seen  imtlcr  str(;l)oscopic  light,  gains  in  anij)li- 
tude  as  it  travels  out  toward  the  end  of  the  rattle,  because  of  the  cumulative 
looseness  of  articulation  between  segments.  At  the  matrix  itself  the  amplitude 
is  quite  small — hardly  more  than  a  millimeter  or  so  on  each  side  of  the  center 
line — even  in  a  large  snake.  A  young  eastern  diamondback  (C.  adamanteus)  830 
mm.  long,  vibrating  its  tail  at  the  rate  of  51  cycles  per  second,  had  an  unusually 
large  amplitude;  this  was  measured  and  found  to  I  c  :>  I  mm.  from  right  to  left 
peak,  or  a  motion  of  about  1.7  mm.  on  each  side  oi  the  center  line.  This  is  cer- 
tainly greater  than  the  average  motion,  which,  in  a  snake  a  meter  or  so  long,  is 
found  seldom  to  exceed  2  mm.  between  extremes,  and  is  usually  between  1  mm. 
and  mm.  But  the  rattle  itself,  particularly  at  the  outer  end,  has  a  far  greater 
motion  because  of  its  looseness.  A  study  of  kymograph  records  indicates  that  under 
constant  temperature  conditions,  if  there  be  a  change  in  speed  there  is  likely  to 
be  a  change  in  amplitude  as  well;  a  lower  frequency  accompanies  a  lower  am- 
plitude. 

An  elementary  test  is  sufficient  to  prove  the  important  effect  of  temperature 
on  the  speed  of  vibration.  Eight  runs  on  v)  specimens  of  prairie  rattlesnakes  (C.  t>. 
viridis)  from  South  Dakota  at  a  temperature  of  11°  C.  (51.8°  F.)  produced  an 
average  rattle  speed  of  11.0  cycles  per  second  (max.  44.9,  min.  28.1);  in  ten  tests 
on  six  specimens  at  23^  C.  (73.4°  F.)  the  average  speed  was  57.9  cycles  (max.  6G.9, 
min.  53.2).  Thus  an  increase  of  12^  C.  (21.6**  F.)  raised  the  speed  about  41  per 
cent.  The  weight  of  the  rattle  has  virtually  no  effect  on  the  speed,  as  shown  by 
several  tests  in  which  segments  were  successively  removed  from  the  strings. 

There  seems  to  be  no  appreciable  sexual  dimorphism;  nor  was  I  able  to  find 
any  consistent  trend  of  rattle  speed  with  size.  At  temperatures  of  from  IS''  to  24°  C. 
(64.4*  to  75.2°  F.).  with  the  subspecies  tested,  which  included  C.  d.  durissus, 
C.  b.  hnsillscus,  C.  e.  enyo,  C.  tn.  tuolossus,  C.  atrox,  C.  r.  lucaseusis,  C.  r.  ruber, 
C.  exsul,  C.  V.  viridis,  C.  v.  abyssus,  C.  v.  lutosus,  C.  v.  oreganus,  C.  v.  helleri,  C.  m. 
pyrrhus,  C.  m.  stephensi,  C.  /.  lepidus,  and  C.  /.  klauberi,  it  was  seldom  that  the 
speed  was  above  60  or  below  40  cycles  per  second,  with  an  average  of  about  48 
cycles.  The  lowest  speed  recorded  was  28.1  cycles  at  11^  C.  (51.8**  F.),  and  the 
highest  66.9  at  23*  C  (73.4**  F.),  both  in  the  prairie  rattler  (C.  v.  viridis).  No 
tests  were  made  at  temperatures  above  25%**  C.  (77.9°  F.). 

To  determine  the  amount  of  fluctuation  in  speed  in  a  continuous  sounding 
of  the  rattle,  1  measured  the  lengths  of  successive  cycles  and  secured  the  follow- 
ing: Total  cycles  147;  mean  speed  46.09,  maximum  52.6,  minimum  41.7,  inter- 
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quartilc  range  1  L()7  to  17. ()i  (\(  ks  per  second;  cocniciini  of  vaiialion  1.S2  \>cy 
cent.  Probably  tlic  true  variatioirs  are  somewhat  less  than  these  ligiues  since  the 
method  of  measurement  tends  to  exaggerate  the  fluctuations.  This  test  was  made 
on  a  prairie  rattler  at  23"  C.  (73.4®  F.). 

I  found  nothing  to  justify  the  suggestion  of  Hopley  (1882,  p.  312)  that  a  snake 
changes  the  speed  of  the  rattle  deliberately  to  vary  its  signals.  Besides  the  impor- 
tant effect  of  temperature,  the  fact  that  a  higher  amplitude  accompanies  a  higher 
speed  indicates  that  a  greater  degiec  of  alarm  or  anger  tends  to  accelerate  tlie 
rattle.  Tlicse  seem  to  be  the  nifist  important  factors  affecting  tlie  vibratory  rate 
UMcli  1  constant  teniperaure  conditions. 

.Subsequent  to  these  tests,  1  made  an  additional  endeavor  to  secme  .sjjeed  records 
from  juveniles,  using  a  calibrated  neon  stroboscope,  but  with  indifferent  results, 
as  the  young  snakes  would  not  rattle  continuously  enough  to  produce  satisfactory' 
readings.  One  2-rattle  western  diamond  (C.  atrox)  rattled  at  the  rate  of  56.9  cycles 
per  second  at  a  temperature  of  2.5°  C.  (77°  F.).  Four  adults  of  the  same  species, 
under  the  same  conditions,  ranged  from  48.0  to  51.8  (\(  !(  s.  uitii  an  average  of 
50.2  cycles  'I  lms.  this  single  series  of  tests  indicated  a  higher  vibialory  rate  in 
the  young  spec  inicn,  but  this  ncjuiics  fuiilui  verification.  Two  nortlieiii  Pacifies 
(C.  xK  orrirtntu.s)  had  rates  of  17.1  and  .')0.7  cycles,  the  first  having  a  long  and  the 
other  a  short  string.  A  single  sidewinder  (C.  c.  latewrepcns)  had  the  low  vibra- 
tory rate  of  34.9  cycles. 

The  most  complete  and  accurate  study  of  the  variations  of  rattle  speeds  at  dif* 
ferent  temperatures  were  those  lately  reported  by  Chadwick  and  Rahn  (1954, 
p.  44^.  Rattle  speeds  were  determined  by  a  mercury-arc  stroboscope,  and  tem- 
peratures by  a  mercury  thermometer  introduced  via  the  cloacal  ojxning.  The 
snakes  tested  were  Ki  fleshly  captuied  adult  piairie  rattlesnakes  (C  f.  x'iridis) 
from  \\  vonimg.  .Mtogetlier,  22()  ol)servations  were:  made  at  ic  nipt  latuies  varying 
from  8  C.  (iti.r  F.)  to  36"'  C.  (96.8^  F.).  Both  the  scatter  plots  and  the  group 
averages  indioited  a  linear  relationship  represented  by  the  equation  A  =  155  T  — 
283,  where  R  is  rattle  speed  in  cycles  per  minute  and  T  the  temperature  in  degrees 
centigrade.  Transforming  this  into  cycles  per  second,  to  conform  to  the  units 
previously  used  in  this  discussion,  we  have  R  =  2.583  T  —  4.717.  This  gives  the  fol- 
lowing  approximate  speeds  at  various  temperatures: 


Degrees 

Degrees 

Cycles 

Centigrade 

Fahrenheit 

per  second 

10 

50 

21.1 

15 

59 

S4.0 

20 

68 

47.0 

25 

77 

59.9 

30 

86 

72.8 

S5 

95 

85.7 

40 

104 

98.6 

It  will  be  noted  that  the  gain  in  speed  is  about  2.6  cycles  for  each  degree  centi- 
grade rise  in  temperature,  or  somewhat  less  than  1.5  cycles  for  each  degree 
Fahrenheit 
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FORMATION  AND  STRUCTURE 

Chronology  of  Rattle  Formation 

Much  has  been  written  about  the  chronology  of  rattle  formation,  and  tlie  rela- 
tionship between  the  number  of  segments  in  the  rattle  and  the  snake's  age.  The 
rattle-per-ycar  idea  was  first  put  in  print  by  Hernandez  (1()15,  fol.  H)2'^;  1628  and 
1651,  p.  and  is  still  widely  believed.  No  snake  myth  was  ever  more  indelibly 
imbedded  in  the  public  consciousness,  as  may  be  seen  by  frequent  newspaper 
reports  down  to  the  present  day.  And  it  is  nnall  wonder,  for  the  great  majority 
of  the  early  accounts  of  the  rattlesnake  reiterated  this  entertaining  myth,  and 
there  is  something  peculiarly  satisfying  in  having  so  concrete  a  record  of  a  crea- 
ture's age.  So  we  find  it  repeated  by  V^quez  de  Espinosa  (1629;  ed.  1948,  p.  197), 
Nieremberg  (1635,  p.  269),  Morton  (1637,  p.  82),  Piso  (1G48.  p.  41),  Marcgravius 
(1648,  p.  2  !()).  Jonstonus  (1653,  p.  26;  1657,  p.  23).  \'an  der  Donck  (1655;  ed.  1909, 
p.  298),  Nieuhof  (1682;  ed.  1704.  vol.  2,  p.  15),  Clayton  (1693.  p.  126),  Holm 
(1702;  ed.  1834,  p.  53),  Charlevoix  (1761,  vol.  I,  p.  343),  Bossu  (1771,  p.  364), 
LePage  du  Pratz  (1774,  p.  269).  Carver  (1778,  p.  480),  Zeisberger  (1779;  1910,  p. 
70),  Dobrizholfcr  (1784;  1802,  vol.  2,  p.  287),  Pennant  (1787,  p.  87),  Anburey 
(1789,  p.  387),  and  Bosc  (1803,  p.  553).  Later  reaffirmations  are  too  numerous  to 
mention,  but  it  is  worth  noting  that  the  theory  was  reiterated  in  the  very  influen- 
tial Illustrated  Natural  History  of  Rev.  John  G.  Wood  (1863,  vol.  3,  p.  100)  and 
its  innumerable  subsequent  editions,  although  it  did  not  appear  in  the  first  edi- 
tion (1851-53)  or  those  that  immediately  followed,  until  the  enlargement  of  this 
popular  work  in  1863. 

Denials  of  the  age-from  thc-rattlc  theory  were  not  slow  in  coniint^,  though  they 
have  never  caught  up  with  the  myth  and  no\  (  i-  will.  I  he  cat  lu  st  disavowals 
enianatctl  Irom  two  supposedly  controverting  iatts,  one  of  which  depended  in 
itself  on  another  myth,  the  other  on  a  discrepancy  that  is  valid.  To  some  it  ap- 
peared impossible  that  a  snake  could  be  as  old  as  indicated  by  reputed  rattle 
strings  of  40  to  80  segments;  to  others  it  was  evident  that  rattles  were  subject  to 
breakage  and  therefore  could  not  invariably  give  the  correct  age.  Grew  (1681, 
p.  51),  who  was  probably  tlic  fust  to  question  the  age  from-the-rattles  theory, 
had  seen  a  16-rattle  string  and  thought  it  very  doubtful  that  rattlers  could  live 
so  lonp^  (actually,  some  do  attain  this  age).  Catcsby  (1743,  vol.  2.  p.  42)  doubted 
the  myth  because  he  had  ioinid  small  rattlesnakes  with  more  segments  than  large 
snakes.  Lacc^|x?de  (1788-89,  vol.  2,  p.  407;  Kerr's  translation,  1802,  \ol.  4,  p.  260) 
stated  that  breakage  would  interfere  with  the  age  determination,  even  if  the 
snakes  did  get  a  rattle  a  year.  His  criticism  was,  of  course,  the  most  pertinent  of 
all;  up  to  that  time  it  seems  not  to  have  been  realized  how  seldom  adult  rattle- 
snakes have  unbroken  strings. 

Shortly  after  this,  observations  of  captive  snakes  showed  that  snakes  could, 
and  often  did,  acquire  more  than  a  rattle  a  year  (Barioti,  1800,  p.  39;  Ord,  1815, 
p.  358;  Say,  1819,  p.  262).  From  this  time  on,  the  moic  scientific  ticatises  no 
longer  advanced  the  agc-from-the-rattle  theory,  although  the  related  rattle-a-year 
belief  was  more  persistent. 
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As  cai  ly  as  1790.  Larrix^^dc  (vol.  2,  p.  105;  Kerr's  translation,  1802,  vol.  },  p.  23.S) 
had  readied  the  conclusion,  from  the  rattle  structure  and  its  metliod  ot  iorma- 
don,  that  the  acquisition  of  eadi  new  rattle  must  be  coincident  with  shedding; 
however,  he  was  not  sure  that  the  shedding  of  the  skin  of  the  snake's  body  was 
coincident  with  the  shedding  of  the  skin  of  the  tail.  The  theory  of  the  coincidence 
of  shedding  with  the  formation  of  the  new  rattle  received  additional  emphasis 
from  Schlegel  (18S7,  vol.  2,  p.  557)  and  Carman  (1893,  p.  102)  without  the 
qualification  respecting  the  noncoinridenre  of  the  sliedding  of  the  body  and  tail. 
The  hypothesis  is  obviously  related  to  that  theory  of  tlie  genesis  of  the  rattle 
uhidi  visualizes  a  giatliial  nimli  fu  at  ion  of  the  shajjc  oi  the  ttiminal  tone  on  the 
tail,  whereby  successive  sheddings  of  this  spur  would  be  interlocked  and  retained. 
While  there  has  been  a  gradual  acceptance  of  this  belief  of  the  coincidence  of 
rattle  acquisitions  with  shedding,  fully  confirmed  by  the  recent  important  his- 
tological researches  of  Zimmermann  and  Pope  (1948,  p.  353),  yet  there  have  been 
those  who  have  reported  contrary  conclusions,  some  of  which  were  based  on 
experiments  (Brown,  1881b,  p.  106;  Hopley,  1882,  p.  298;  Lugger,  1883,  p.  266; 
Feoktistow,  1889,  p.  1;  1893.  p.  .54;  Gibbs,  1892,  p.  7;  Stcjneger,  1895.  p.  :j8}; 
Lydekker,  1896,  p.  239;  Storer  and  Wilson,  1932,  p.  169;  Curran  and  Kaulleld, 
1937,  p.  50;  Brcland,  1948,  p.  199).  Of  these  dissenters,  the  most  important  was 
Feoktistow,  whose  observations  and  conclusions  were  given  wide  circulation  in 
textbooks  and  natural  histories,  so  that  they  are  still  affecting  the  acceptance  of  the 
coincidence  theory. 

Yet,  as  I  reread  Feoktistow  and  the  others  who  performed  original  experiments, 
I  cannot  but  be  impressed  by  their  seeming  lack  of  apprec  i  ition  of  some  of  the 

irregularities  that  affect  captive  rattlesnakes,  especially  those  that  are  given  imper- 
fect care,  or  that  have  never  become  accustomed  to  capti\ity  and  refuse  to  eat. 
In  such  circumstances  we  see  them  sluggish,  a  prey  lo  siaixaiion  and  disease,  their 
skins  shed  at  irregular  intervals,  and  often  in  strings  and  patches,  rather  than 
entire  as  in  a  normal  snake.  Small  wonder  then,  that  the  observer  is  unable  to 
note  whether  a  fresh  sapient  is  disclosed  coincident  with  each  shedding,  or  whether 
the  total  segments  acquired  in  a  given  period  equal  the  number  of  moults  in 
the  same  time.  Sometimes  tht  pn^terior  end  of  the  old  skin  m  iv  pull  from 
the  previous  rattle  and  disilost  the  new  segment  several  days  hclox  t!u  skni  is 
shed.  Under  such  circumstances,  unless  the  rattles  are  carefully  counted,  an  addi- 
tion will  not  be  noted  as  accompanying  tlie  skin  change.  Also,  it  is  possitilc  that 
a  segment  may  be  lost  at  about  the  time  the  new  rattle  is  disclosed,  and  this  will 
not  be  observed  unless  each  segment  be  appropriately  marked  or  numbered.  But 
when  the  snake  is  healthy,  the  shedding  normal,  and  the  rattles  so  marked  that  a 
new  lobe  is  easily  recognized,  then  complete  coincidence  between  skin-shedding 
and  rattle  acquisitions  will  be  observed,  as  would  be  expected  hrom  the  homology 
between  the  skin  and  rattle,  as  discussed  elsewhere  (p.  302). 

If  we  agree  that  rattleis  attain  a  new  rattle  each  time  they  shed,  we  still  have 
not  established  the  chronologv  of  rattle  development — we  have  meiely  related 
it  to  tliat  of  shedding.  1  his  shedding  chronology  has  been  adequately  treated  in 
another  chapter  (p.  359),  wherein  the  conclusions  were  reached  that  young  rat- 
tlers in  the  wild  shed  3  to  4  times  in  each  of  their  first  two  years,  after  which, 
as  adults,  they  shed  from  about  3  times  per  year,  where  the  climate  permits  almost 
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year-round  activity,  to  little  more  olK  n  than  once  per  annum,  where  their  activity 
is  limited  to  about  6  months  of  the  year  or  slightly  less.  Among  captive  rattlers, 
especially  those  kept  in  cages  that  are  warmed  in  the  winter,  skin  shedding  is 
more  lre(jiient,  reaching  as  many  as  6  or  7  per  year  in  the  young,  and  5  or  more 
among  adults. 

Some  rather  queer  variations  of  the  shedding  theory  have  been  proposed,  such 
as  that  of  Barnes  (1928,  p.  396)  to  the  effect  that  one  or  two  rattles  come  off  with 
each  shedding  of  the  skin;  and  that  of  Cook  (1943,  p.  51)  that  the  sheddings  and 
rattle  acquisitions  are  coincident  up  to  maturit\,  after  which  no  new  segments 
arc  formed.  One  queer  myth  has  it  that  a  rattlesnake  gets  a  complete  new  string  of 
rattles  e:irli  ve;n ,  as  a  deer  gets  a  new  set  ol  antlers,  and  thnt  each  new  string 
is  one  segment  longer  than  the  old  (Koenig,  1906,  p.  49).  Anoihei  tlieory  recently 
overheard  at  the  San  Diego  Zoo  is  tliat  each  year,  while  a  snake  is  in  Iiibcrnation, 
it  acquires  a  new  rattle  at  the  outer  end  of  the  string,  each  button,  in  turn,  becom- 
ing a  larger  and  more  mature  rattle. 

Regarding  the  chronology  of  the  rattle,  there  were,  and  still  are,  some  special 
myths  affecting  only  young  rattlers,  which  in  turn  modify  the  age-from-the-rattle 
theory.  One  school  of  thought  adhered  to  the  belief  that  a  rattler  has  no  rattles 
until  it  is  from  1  to  3  (usually  2)  years  old.  This  completely  erroneous  idea  was 
apparently  started  by  Clayton  (169.8,  p.  126),  who  must  have  misidcntified  some 
other  snake — he  said  he  knew  it  was  a  rattler  from  the  pattern,  although  it  !i;id 
no  rattles.  The  belief  was  subsequently  reiterated  by  Brickell  (1737,  p.  144),  Salmon 
(1744-46,  vol.  3,  p.  413).  Brookes  (1763.  vol.  3,  p.  370),  Goldsmith  (1774,  vol.  7, 
p.  209),  Anon.  (1815,  p.  152),  Ferrall  (1832,  p.  300),  Buckingham  (1842,  vol.  2,  p. 
178),  Bigland  (1844,  p.  136),  Anon.  (1872b,  p.  642).  MeUne  (1873,  p.  45),  Bailey 
(1876,  p.  404),  Lugger  (1883,  p.  266),  '*Camerambler"  (1900,  p.  384),  Brehm  quoted 
by  Kocnig  (1906,  p.  49),  Rutlcdgc  (1921b.  p.  218),  and  Unonius  (1950,  vol.  1,  p. 
297,  but  writing  in  184  1-58).  Walsh  (1913,  p.  716)  mentions  the  theor\'  as  a  popular 
belief  to  which  he  himscK  did  not  adhere.  As  recently  as  1919,  Pinkerton  (p.  19) 
was  asked  by  a  correspondent  whether  it  was  true  that  a  rattler  got  its  first  rattle 
at  the  age  ol  5  years. 

I  know  of  no  better  example  of  how  a  sii^le  inaccurate  obsei'vation  can  become 
so  widespread  through  repetition  as  this  of  Clayton's.  Of  course,  there  are  two 
other  misunderstandings  that  may  have  served  to  perpetuate  this  peculiar  myth, 
the  first  being  a  failure  to  identify  the  button  as  a  rattle;  and  the  sea>nd  resulting 
from  a  confusion  of  terms,  the  rattle  only  being  recogni/ed  as  such  when  it  includes 
at  least  one  loose  segment  and  thus  becomes  audible.  This — the  acquisition  of 
rattle  No.  2 — may  not  occur  for  as  much  as  6  months  or  more  after  the  birth 
of  the  young  snake,  the  interval  varying  with  the  ability  of  the  young  snake  to 
secure  luud,  anil  the  length  of  its  first  hibernation. 

Another  myth  (of  which  I  was  informed  by  K.  P.  Schmidt),  resulting  from 
misidentifications,  reports  that  young  rattlers  often  throw  off  their  rattles  when 
they  first  use  them,  which  accoimts  for  the  snakes  with  sharp  tails  that  are  really 

rattlers  but  are  thus  disguised.  The  fact  that  rattlesnakes  ^\  ithout  rattles  are  occa- 
sionally found  is  not  an  argument  in  favor  of  this  theoi a  ol  the  delayed  acquisition 
on  tiie  part  of  the  young,  for  such  freaks  are  adults  suflering  from  some  accident 
or  congenital  defect.  Usually  it  can  be  judged  from  scars  on  the  anomalous  snake 
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that  the  rattler  was  tliought  to  have  been  killed  and  its  rattles — ^together  with 

the  rattle-forming  matrix — were  cut  off  by  someone  desiring  tliem  as  trophies, 
after  which  the  snake  recovered.  No  less  than  5  inutilated  in  this  way  were  con- 
tained in  the  IMaiicvillc  series  of  some  800  prairie  lattlers  (C.  v.  viridts). 
Here  is  another  way  in  whicli  rattleless  ratilerh  may  occur: 

While  fiphtint;  a  Salmon  River  grass  fire,  several  vcars  ago,  luo  ratilcsnakes  were  enroiin- 
lercd.  Buih  had  Uicir  rattles  burned  otf.  They  were  in  a  bad  frame  of  mind  and  made  re- 
peated attempts  to  come  in  to  dose  quartets  anod  \Ate.  As  they  could  give  no  warning  rattle, 
they  were  particularly  dangerous.  Howard  W.  Higgms,  U.  S.  Forest  Service,  Avery,  Idaho. 

Hojjley  (1882,  p.  298)  shows  a  sketch  of  the  defedive  raitk^  of  a  snake  sent  to 
the  London  loo.  1  his  was  a  sort  of  cone  that  was  neither  added  to  nor  dropped 
with  successive  sheddings.  I  have  seen  a  Uracoan  rattler  (C.  d.  vegrandis)  with  a 
defective  matrix  that  produced  a  succession  of  10  segments,  all  of  which,  occept 
the  button,  were  of  the  same  size.  The  button,  although  slightly  smaller  than 
the  succeeding  rattles,  was  abnormally  large  for  this  subspecies.  Sass  (1935,  p.  627) 
thought  that  the  myth  of  the  horn  snake  (the  creature  with  the  tree-killing  sting 
in  its  tail)  may  have  arisen  from  the  case  of  a  rattler,  whose  rattle,  for  some  reason, 
had  become  solidified  into  a  single  long  point. 

I  liave  seen  in  the  wild  only  one  rattler  with  a  defective  tail  that  was  sharp 
enough  not  to  show  clear  evidences  of  having  been  clesjioilcd  of  its  rattles  by  a 
trophy  lumter.  This  was  an  adidt  Mojave  Desert  sidewinder  (C.  c.  cerastes)  taken 
alive  by  Charles  K.  Shaw  and  myself  II  miles  north  of  Shoshone,  Inyo  County, 
California,  on  June  4,  1949.  As  shown  in  the  photograph  (fig.  5:15)  the  tafl  is 
pointed,  with  no  vestige  of  a  rattle.  Whether  this  Creak  resulted  bom  an  accident 
or  a  congenital  defect,  I  cannot  say;  it  was  ]»robabIy  the  latter.  Subsequently  it 
gave  birth  to  normal  young. 

Among  preserved  rattlesnakes,  I  have  seen  three  without  rattle  strings,  evi- 
dently caused  by  congenital  defects  r.ither  than  the  results  of  accident  or  tro|ihy 
hunters.  One  was  a  timber  rattler  (C.  //.  horridits)  troni  Iowa  with  a  single,  small, 
pointed  rattle.  Evidently  the  matrix  was  defective  in  form,  so  that  successive 
segments  would  slough  away  when  the  skin  was  shed,  ha\  ing  nothing  to  grip  in  the 
succeeding  lobe.  The  second  was  a  twin*spoCted  rattler  (C.  p.  pricei)  with  a  tail 
coming  to  a  moderately  sharp  point  and  without  a  vestige  of  a  rattle.  The  tail 
was  shorter  and  with  fewer  than  normal  subcaudal  scales.  No  scar  was  evident, 
so  it  is  probable  that  the  defect  had  been  present  from  birth.  The  third  was  the 
holotype  of  C.  catalinensis,  of  which  the  tail  end  was  covered  with  a  single  un« 

grooved  segment  to  which  no  prior  rattle  might  cling. 

It  is  my  hope  that  mention  of  these  few  rattlelcss  rattlesnakes  will  not  increase 
the  frequency  with  which  sharp-tailed  snakes  arc  misitientificrl  as  rattlesnakes, 
because  of  some  fancied  likeness.  From  my  experience,  I  slujiild  judge  that  de- 
fects of  this  congenital  type  occur  in  about  one  rattlesnake  in  five  thousand. 

Equally  fantastic,  and  just  as  persistent  as  the  theory  that  rattlesnakes  acquire 
no  rattles  until  they  are  several  years  old,  has  been  the  belief  that  rattlesnakes 
are  occasionally  born  possessed  of  2  or  3  rattles.  This  idea  was  first  voiced  by 
Barton  (1800,  p.  39),  was  repeated  by  Mease  (1807,  p.  391)  and  Hopley  (1882, 
p.  299),  and  has  been  revived  quite  recently  (Curran,  1935,  p.  332;  Curran  and 
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Kauffcld,  1937,  p.  50;  Dcvoe,  1945,  p.  481;  1951,  p.  22()).  Even  Stejneger  (1895, 
p.  383)  thought  it  possible  that  a  rattler  might  shed  before  birth;  however,  even 
this  would  prfxiuce  only  the  button,  so  that  2  sheddin<^s  before  birth  would  be 
necessary  if  a  young  rattler  were  to  be  born  with  2  rattles. 

Reading  Barton's  original  account  leaves  no  doubt  that  this  story  emanated 
from  an  error  in  dissection.  He  tells  us  that  he  removed  the  embryos  from  several 
females  when  the  young  were  about  the  thickness  of  a  small  gpose  quill  and  some 

5  inches  long.  The  rattlesnakes  available  to  Barton  were  timber  rattlers  (C.  h. 
horridns),  the  young  of  which  at  birth  are  normally  about  285  mm.  (11%  in.) 
long  and  10  nmi.  in.)  in  diameter.  One  may  note  how  tiny  and  immature  were 
the  embryos  that  liaiton  examined;  vet,  of  these,  he  found  no  less  than  (iO  to  be 
jx)ssessed  of  3  rattles.  That  he  niisinterpi  eied  some  c otiloi  niation  in  the  tails  can- 
not be  (juestioned.  Like  Clayton's  story  of  the  rattleless  unuig,  the  long-lived  myth 
of  the  surplus  rattles  at  birth  was  based  upon  a  phantom  foundation. 

I  know  of  no  other  report  of  2  or  more  rattles  at  birth.  Nothing  of  the  kind  has 
been  seen  among  the  hundreds  of  embryos  and  freshly  bom  snakes  that  I  have 
examined.  Even  Lombard's  claim  (1881,  p.  88)  that  a  rattler  has  3  rattles  within 

6  weeks  of  birth  is  an  exaggeration,  since  young  rattlers  do  not  usually  acqin're 
their  second  rattles  until  at  least  2  months  after  birth;  and  in  the  majority  of  in- 
stances this  is  delaxed  until  .liter  the  first  liibernatif)n.  In  one  series  comprising 
139  voung  western  tlianKjud  rattlers  iC  ah  ox),  born  in  hue  August  ant!  preserved 
a  month  later,  3  sjjeeinuns  had  acijuind  their  second  tattles.  In  tlie  Platteville 
scries  of  prairie  rattlesnakes  (C.  v.  mndi.s)  collected  while  entering  or  leaving 
hibernation,  out  of  226  young-of-the-year  (after  about  2Mi  months  of  active  life), 
44  or  19%  per  cent,  had  already  achieved  a  second  rattle,  and  one  had  3,  although 
there  may  be  some  question  whether  this  individual  was  not  a  stunted  snake  be- 
longing to  the  previous  year's  crop. 

Rose  (1929,  p.  222)  tells  a  yarn — to  which  he  docs  not  subscribe—of  a  collector 
who  gathered  rattlesnake  eggs,  and  rlaimcd  to  liear  the  voung  rattling  in  their 
shells  before  they  hatched,  a  story  k  iul(  rrd  somt:what  doubtful  by  reason  of  the 
fact  that  rattlesnakes  do  not  lay  eggs  but  give  bii  th  to  living  young. 

Upon  the  acceptance  of  the  theory  of  the  coincidence  of  shedding  with  the 
acquisition,  or  at  least  the  disclosure,  of  a  new  rattle,  one  seemingly  inexplicable 
and  discordant  feature  appeared,  namely,  the  fact  that,  after  their  first  shedding, 
youi^  rattlesnakes  still  possessed  only  one  rattle,  when  they  should  have  had  two, 
one  to  match  the  original  skin  with  which  they  were  born,  and  the  second,  the 
newly  acquired  skin.  This  j:)robIem  was  solved  by  the  present  writer  in  1940  (1940b, 
p.  25),  upon  observing  that  the  rattle  with  which  a  snake  is  born,  and  to  which 
the  term  prebutton  was  applied,  is  in\ariably  shed  with  the  first  skin.  Carman 
(1888,  p.  260;  1889,  p.  171;  Sicjncgcr  1895,  p.  382)  had  noted  the  difference  in 
shape  between  the  prebutton  (fig.  5:3),  and  the  true  button,  or  first  permanent 
ratUe  (fig.  5:4),  but  thought  the  one  was  transformed  into  the  other  by  a  stretch- 
ing, accompanied  by  a  constriction  at  the  outer  end  and  a  swelling  of  the  proximal 
edge,  thus  acquiring  the  characteristic  shape  of  the  button. 

This  is  found  to  be  contrary  to  what  actually  occurs;  for,  from  observations  of 
live  specimens  of  recently  born  broods,  it  is  found  that  when  the  birth-skin  is  shed 
the  prebutton  goes  with  it.  1  liis  loss  occurs  for  two  reasons:  first,  the  thinness  and 
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fragility  of  the  prebutton;  and,  secondly,  because  its  configuration,  and  that  of 
the  true  button  beneath,  are  such  that  it  cannot  retain  a  grip  on  the  latter.  The 
crimped  edge  <d  the  prebutton  is  too  pliable  and  weak  to  prevent  opening,  and 
furthermore,  the  central  transverse  groove  in  the  button  is  too  shallow,  so  that 

there  is  little  for  the  prebutton  to  grip.  As  a  result,  the  prebutton  is  shed  just  as 
the-  skin  itself  is  lost,  l^sually  it  is  shed  as  a  part  of  the  skin;  in  fact,  the  prebutton 
is  hardly  distinguishable  from  the  skin  except  u[x)n  close  examination.  Its  very 
softness  may  cause  it  to  be  overlooked  in  the  shed  skin  of  the  baby  rattler;  and  it 
is  hidden  by  the  inside-out  skin  of  the  tail.  In  this  shedding  wc  discern  the 
homology  between  the  skin  and  rattle. 

The  fact  that  baby  rattlers  shed  shortly  after  birth  is  verified  by  observations  on 
broods  bom  in  captivity:  this  is  a  schedule  characteristic  of  most  snakes,  whether 
oviparous  or  ovoviviparous.  Among  rattlesnakes,  the  interval  between  birth  and 
shedding  has  been  found  to  be  7  to  10  days,  ordinarily.  Some  example  records 
have  been  presented  elsewhere  (p.  731). 

The  early  Einopcan  herjjetoloi;ists  were  handicapped  by  the  lack  of  adequate 
material  wherewith  to  determine  how  the  rattle  is  formed  and  the  relationship 
between  successive  segments.  Lacepede  (1788-89,  vol.  2,  p.  396;  Kerr's  translation, 
1802,  vol.  4,  p.  252)  described  the  method  of  formation  with  considerable  accuracy; 
he  also  noted  the  change  in  rattle  size  as  a  snake  grew,  and  the  resulting  taper  in 
the  rattles  of  adolescent  snakes  (p.  407;  Kerr,  p.  259);  however,  he  did  not  recog- 
nize the  peculiar  character  of  the  button.  This  was  noted  by  Bosc  (1803,  p.  552), 
who,  for  the  first  time,  was  able  to  point  out  the  criteria  upon  which  one  might 
decide  whether  any  given  string  was  or  was  not  complete. 

Rattle-String  Length 

"James  Morton  yesterday  killed  a  big  rattlesnake  on  the  bank  oi  irouL  Creek. 
It  measured  nearly  5  feet  and  had  16  rattles  and  a  button."  Bkmk  County  Weekly 
Herald, 

So  reads  a  typical  newspaper  report,  and  from  it  the  skeptic  will  conclude  that, 
regardless  of  the  snake's  actual  length — no  doubt  nearer  S  than  5  feet — the  chances 
of  its  really  having  had  16  rattles  and  a  button  were  remote,  indeed.  For  the 

statement  implies  the  coincidence  of  two  rare  events;  a  rattle  string;  on  a  wild* 
rattlesnake  containinci;  as  many  as  10  rattlt  s;  and,  superinijjosetl  on  this,  the  still 
greater  improbalniity  that  the  string  was  unbioken,  not  a  single  segment  having 
been  lost  since  the  first  shedding,  for  this  is  what  the  retention  of  the  button 
means.  Citing  the  presence  of  a  large  number  of  rattles  seems,  to  the  average 
person,  a  proof  that  the  snake  must  have  been  truly  a  monster;  but  actually  these 
long  strings  are  so  unusual  that  the  herpetologist  immediately  doubts  all  the 
details  of  any  story  of  which  a  long  string  is  a  part. 

Besides  plain  lying,  or,  in  milder  terms,  exaggeration,  there  are  several  ways 
in  which  these  long  strings  become  established  biliefs.  SoniciinKs  there  is  a 
miscoinit.  Then  there  are  faked  rattle  strings,  obviously  not  to  be  exjjccted  on 
wild  snakes  unless  a  rather  intricate  practical  joke  is  involved,  althou<^h  often 
attached  to  skins  that  serve  as  ornaments  or  trophies.  Again,  many  people  count, 

"In  discussing  rattlers,  the  term  ivild  is  used,  not  in  contrast  with  tame,  but  to  distinguish  the 
Miaket  as  found  in  the  wild,  from  captive  spedmens.  especially  those  long  in  captivity. 
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as  an  additional  rattle,  each  lobe  of  tlie  terminal  segment  of  a  broken  string,  which 
adds  at  least  2,  or  occasionally  3,  to  the  covint.  Sometimes  the  countci  estimates 
the  number  of  rattles  that  have  been  lost  from  an  incomplete  string  and  in- 
cludes these  departed  wraiths,  on  the  theory  that  the  snake  lias  played  unfairly 
in  losing  them.  Some  people  double  the  number  by  (ounting  eadi  side  of  the 
central  crease.  But  mostly  tlie  long  strings  are  just  hearsay,  the  persistent  echo 
of  some  campfire  tale. 

There  were  several  long  string  stories  that  became  classics  in  their  day;  indeed, 
one  of  them  still  persists.  The  first  was  that  of  Dudley  (1723,  p.  294),  who  pub- 
lished a  report  of  the  killing  of  a  rattlesnake  having  a  string  of  between  70  and 
80  rattles.  Since  this  yarn  appeared  in  the  sedate  Philosophical  Transactions  of 
the  Royal  Society  (London),  it  was  occasionally  accepted  (e.g.,  Pennant,  1787, 
p.  87),  but  it  probably  was  not  taken  seriously  by  many,  since  who  could  conceive 
of  a  rattler  70  to  80  years  old?  Besides,  the  venerable  ( reature  not  only  had  these 
proofs  of  a  great  age,  but  a  sprinkling  of  grav  hairs  as  well — a  logical  but  last- 
straw  addition,  l(x^  nnuli  for  even  the  most  creilulous.  Hunter's  report  (1823, 
p.  178)  of  a  rattler  on  the  Upper  Missouri  with  90  rattles  seenrs  never  to  have 
gained  credence,  not  did  the  monster,  quoted  by  Goode  (1874b,  p.  123)  from  a 
newspaper  report,  which  not  only  had  87  rattles,  but  weighed  1 1 7  pounds.  Two 
long  strii^,  cited  by  those  who  mention  them  as  being  frankly  in  the  folklore 
class,  were  a  string  of  75  rattles  on  an  18-foot  diamondback  in  Florida  (Robin* 
son,  1896,  p.  711);  and  a  lOO^rattle  string  on  a  12-foot  prairie  rattler  (Vestal, 
1941,  p.  146). 

A  much  longer-lived  phenomenon  was  a  M-rattle  string,  first  reported  (and 
pictured)  in  the  Columbian  Magazitw  or  Monthly  Miscellany,  of  November, 
1786,  pp.  107-8.  The  article  is  by  tbat  bashful  author.  Anon.  Although  pur- 
porting to  discuss  the  habits  of  the  timber  rattlesnake  (C.  h.  horridxis),  the  ac- 
count is  largely  dedicated  to  this  extraordinary  rattle,  said  to  have  been  found 
on  a  snake  killed  during  the  previous  summer  at  Fort  Allen.  The  figure  (see 
fig.  17:7,  this  book)  is  well  drawn  and  appaiently.  as  stated,  full-size,  the  length 
of  the  rattle  string  being  6%  inches  (175  mm.).  The  engraving  is  sufficiently  de- 
tailed to  ^ow  clearly  that  this  is  a  foked  string  comprising  7,  or  possibly  8,  sepa- 
rate sections.  It  is  an  incomplete  string  of  42  segments,  with  a  tenninal  8-lobe 
rattle,  hence  the  "44  rattles."  This  ancient  counterfeit  has  been  mentioned  in  the 
literature  many  times,  both  as  a  maximum  record  of  stiing  length  and  of  rattle- 
snake age,  one  of  the  most  reeeiu  (  iiations  being  that  of  Rerridge  (1935,  j).  ()2). 

Other  long  strings  jiitturcd  in  sucli  a  way  that  the  discontinuities  ean  be  de- 
tected, include  the  12  rattles  and-a-button  of  Anon.  (1903b)  comprising  about 
7  sections,  and  Catc;>by'!>  figure  of  a  C.  fionidus  (1743,  vol.  Ji,  plaic  41)  with  23 

rattles  (labeled  as  having  24),  apparently  made  up  of  at  least  2  sections,  one  of 
15  and  the  other  of  8  rattles  (fig.  17:5). 

Several  extra-loi^  strings  have  been  piaured  that  can  be  seen  to  be  fictitious, 
not  through  the  evidence  of  unmatched  sections,  but  by  reason  of  their  shapes. 
These  show  a  series  of  rattles  gradually  increasing  in  size  from  the  original 
button  to  the  latest  rattle  joining  the  string  to  the  tail,  that  is,  with  a  uniform 
taper  throughout.  Actually,  rattles  do  not  follow  any  such  growth  sequence,  for 
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there  is  little  or  no  growth  in  lobe  size  after  the  acquisition  ol  about  the  tenth 
or  twelfth  rattle.  In  other  words,  were  there  an  authentic  complete  rattle  string 
of  some  -10  segments,  tlie  terminal  10  or  12  would  taper  almost  to  a  point,  but 
the  remaining  30  woidd  be  substantially  equal  in  si/c.  Thus,  we  know  the 
imaginary  character  of  sonic  of  the  early  strings  from  ihcir  pictures.  In  this  cate- 
gory fall  the  string  of  41  shown  by  Seba  (17S5,  vol.  2,  plate  96)  and  the  addi- 
tional strings  of  36.  31.  and  19  in  his  plate  95  (fig.  17:4,  this  book).  Houttuyn's 
41-rattle  string  (vol.  16,  plate  54,  figure  1,  1764)  is  probably  a  repetition  of  Seba. 
Then  th^e  is  the  string  of  44  rattles  on  a  "wood"  rattlesnake  defHcted  by  Shaw 
(180^  pt.  2,  p.  335),  cle  arly  of  tins  impossible  shape  (fig.  17:8,  this  book).  Much 
more  recent  was  the  42-rattles-and-a-button  string  pictured  by  the  late  Belicve- 
It-or-Not- Ripley  (Los  Angeles  Exaviincr,  Xo\.  7.  1917),  which  was  of  the  same 
implausible  character,  although  with  a  less  continuous  taper  than  tliose  of 
Seba  and  Shaw. 

Omitting  such  indefinite  statements  as  those  of  Wintcrbotham  (1795,  p.  405), 
respecting  the  occurrenoe  of  strings  of  40  to  70,  Rees's  (1819,  p.  [IJ)  mention  of 
40  to  50,  and  Reid's  (1889,  p.  226)  of  a  rattle  string  about  one  foot  long,  which 
would  indicate  about  70  rattles,  we  have  a  number  of  additional  reports  of 

specific  long  strings.  They  follow  in  a  declining  order:  52  Lloyd  (1951,  p.  30); 
36  Mitchell  (1868,  p.  453).  Spielman  (1950,  j).  29);  33  Dorsch  (1929,  p.  3);  32  Weld 
(1800,  p.  109),  Tixicr  (1844,  p.  76,  ed.  <.I  19  lO),  Ingersoll  (1881a,  p.  100;  1884b, 
p.  97).  Kllsuorth  (1918,  p.  433)'";  30  Brick(  11  (1737.  p.  144);  25?  .Anon.  (1815,  p.  152), 
Dexter  (1884.  j).  124);  2S  Chalmers  (1878,  p.  422):  27  Ilerrick  (1953.  p.  23); 
26  Goodc  (1871b,  p.  123),  Menger  (1905;  1913,  p.  136);  2>  Dumont  (1753,  vol.  1, 
p.  109).  llopley  (1882,  p.  301);  24  Maude  (1828,  p.  150),  Walduck  in  Masterson 
(1938,  p.  214):  23  Sass  (1935,  p.  251),  Messeling  (1953,  p.  23);  22  Goode  (1874b, 
p.  123),  "Loch  Laddie"  (1908,  p.  979),  Grinncll  and  Storer  (1924,  p.  647),  Sass 
(1935,  p.  251);  21  Holbrook  (1838.  vol.  2.  p.  85;  1842,  vol.  3,  p.  1.5),  Ingersoll 
(1884a,  p.  400;  1884b,  p.  97),  Mivart  (1888,  p.  293),  "Juvenal"  (1900,  p.  21),  Ghar- 
purcy  (1985,  j).  151);  20  Mather  (1714.  p.  67).  Kcr  (1816,  p.  20),  Meline  (1873. 
p.  276).  Below  20  the  reports  arc  too  numerous  to  be  worth  recf)rding,  even 
though  they  are  probably  more  credible  than  those  involvuig  the  higher  numbers. 

Of  course,  at  this  late  date,  it  is  impossible  to  determine  which,  if  any,  of  these 
strii^  may  be  accepted  as  authentic.  Only  one  was  represented  by  a  photograph; 
this  was  the  26-rattle  string  reported  by  Menger,  clearly  a  faked  string  comprising 
4  sections.  I  have  no  doubt  that  many  of  the  others  are  based  on  fabricated 
strings.  iu)t  perpetrated  by  the  authors,  but  by  those  who  claimed  to  have  caught 
or  killed  the  rattlers  involved.  In  this  same  category  wc  may  place  a  string  of 
44  rattles  exhibited  for  many  years  in  a  Texas  drug  store.  1  he  fact  that  the 
rattles  ^vere  said  to  have  been  found  on  a  snake  12  feet  in  length  casts  added 
doubt  on  their  genuineness. 

Phenomenally  long  strings  are  often  cited  as  proof  that  their  possessors  were 
of  phenomenally  large  size,  although,  in  reality,  this  proof  only  throws  additional 
doubt  on  the  entire  story,  and  the  same  conclusion  is  sure  to  be  drawn  from  a 
multiplicity  of  long  strings.  Hence  we  must  infer  exaggeration  when  wc  learn 
that  Messeling  (1953,  p.  23)  on  Plum  Creek,  in  southwestern  Wisconsin,  killed 

He  alio  mentiom  a  string  of  S2  that  he  concedes  was  faked. 
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one  lot  of  timber  rattlers  (C.  h.  horridus),  every  one  of  which  had  a  string  of 
from  If)  to  19  rattles.  A  single  rattler  with  sudi  a  string  would  be  deservedly 

wortliy  of  remark. 

The  faking  of  rattle  strings  is  comparatively  easy,  and  quite  deceptive  results 
may  be  attained  if  one  has  an  adequate  stock  of  separate  short  strings  from 
whidh  to  dioose  well-matched  sections  when  piecing  them  together.  For  it  is  not 
only  necessary  to  make  the  successive  sections  match  in  transverse  width,  but  in 
the  other  dimensions  and  in  color  as  well.  Some  rattles,  even  v/bea  inm  snakes 
of  the  same  size  and  subspecies,  are  more  compressed  longitudinally  than  others. 
All  of  these  differences  must  be  avoided  if  the  section  boundaries  are  not  to  be 
evident.  Hefore  joining  the  sections  lliey  should  be  soltened  by  moistening, 
after  ^siiicli  they  can  be  telesco])ed  into  each  other  without  breakage.  While 
tlie  reverse  process  of  separating  successive  rings  is  said  by  Rivers  (1874,  p.  507) 
and  Hopley  (1882,  p.  297)  to  be  easy,  actually  the  interlock  is  such  that  separa- 
tion cannot  be  effected  without  breakage  unless  the  rattles  be  softened  and 
parted  with  the  greatest  care.  Some  prefer  milk  for  softening. 

Ditmars  (1907,  p.  432;  Verrill,  1957,  p.  31)  says  that  in  some  snake  exhibitions, 
long  strings  are  faked  to  improve  the  appearance  of  the  snakes  displayed,  but  usu- 
ally faking  has  the  purpose  of  convincing  the  unwary  ol  the  truth  of  a  fantastic 
stoiy  of  the  size  and  age  of  some  rattlesnake  reputed  to  have  been  killed  in 
the  wild. 

Many  of  these  long-string  reeoids  in  the  literature  are  premised  on  hearsay 
rather  than  on  personal  observation,  as  the  wTiters  themselves  make  clear  (e.g., 
Lloyd,  1951,  p.  30).  Some  undoubtedly  refer  to  captive  specimens,  which  not  in- 
frequently attain  long  strings  while  secluded  and  inactive  in  their  cages.  Know- 
ing the  rarity  of  long  strings  and  the  prevalence  of  drawing  the  long  bow  with 
regard  to  rattlers,  I  should  doubt  whether  more  than  3  or  4,  out  of  all  those 
cited  in  the  list,  were  authentic  strings  of  wild  rattlers.  Of  the  many  thousands 
of  raiileis  that  have  been  brought  to  tiie  San  Diego  Zoo  in  the  past  25  years, 
none  h;is  had  more  than  16  segments  in  its  rattle.  This  reeoid  string  was  on  a 
Colorado  IJesert  sidewinder  (C.  c.  latcrorepem),  a  sand-inhabuing  form  charac- 
terized by  long  strings.  None  of  my  correspondents  has  reported  any  phaiomenal 
string  on  a  rattler  caught  by  himself  in  the  wild.  Of  two  collectors  of  particularly 
wide  experience,  one  reported  a  16-rattle  maximum,  the  other  13.  Another  col- 
lector had  seen  a  string  of  32  rattles  reputed  to  have  been  found  on  a  Mojave 
Desert  snake.  My  informant  did  not  say  how  closely  he  examined  the  rattles  to 
detec  t  a  possible  fabiitalion. 

The  longest  apparently  authentic  string  I  have  e\cr  seen  was  kindly  sent  me 
for  examination  by  Stanley  Midaik  of  Salt  Lake  City.  It  was  a  string  that  hatl 
been  removed  from  a  western  diamond  (C  atrox)  killed  by  a  boy  in  tlie  vicinity 

of  Edinburg,  Texas.  It  had  comprised  23  segments,  at  one  time,  although  when 
I  saw  it  there  were  19.  The  segments  were  unusually  large,  which  would  have 
made  them  hard  to  match.  Neither  C.  B.  Perkins  nor  I  could  detect  any  evidence 
of  fabrication,  Mr.  Mulaik  having  forwarded  the  rattle  to  see  whether  it  ap 

pearcd  to  us  to  be  geniu'ne. 

Skeptics  of  the  authenticity  of  these  long  strings  have  not  been  lacking  since 
early  days.  Kalm  (1752-53,  p.  315)  wrote  that  he  had  been  informed  of  strings 
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of  10,  .'^0,  and  several  of  20,  hui  lie  had  rarely  seen  one  exceeding  12.  Flack  (1<S<)(), 
J).  3\6)  said  he  had  heard  canipfne  tales  in  Texas  of  huge  snakes  with  30  rattles, 
but  he  thought  that  actually  12  was  to  be  considered  a  high  number. 

Some  early  theories  visualized  an  upper  limit  to  the  number  of  rattles,  not 
owing  to  breakage,  but  to  some  natural  limitation.  Thus  Loskiel  (1794,  p.  87: 
Anon.,  1932b,  p.  99)  believed  that  a  snake  acquired  a  rattle  a  year  until  a  limit  of 
about  20  was  attained.  Stockbridgc  (1813,  p.  41)  thought  there  was  some  form  of  re- 
striction afleding  particular  species — pigmy  rattlers  acquiring  only  3  to  7  rattles. 
lIolle\  (1836,  p.  101)  thought  this  species  had  no  more  than  2  rattles  and  a  button. 
There  is  no  validity  to  these  sujjjjosed  l\pes  of  limitation. 

.Some  authors  record  an  old  Indian  myth  to  the  effect  that  tin-  number  of 
rattles  on  a  snake  represents  the  number  of  its  victims  (I.  Holmes,  1823,  p.  258; 
Wood,  1863,  vol.  3,  p.  101).  O.  W.  Holmes  referred  to  this  myth  in  his  novel 
Elsie  Venner.  Tennent  (1860,  vol.  1,  p.  194)  mentions  an  item  of  Singhalese  folk- 
lore in  reverse;  whenever  a  cobra  expends  its  venom  by  biting,  it  loses  a  joint 
of  its  tail. 

Although  rattle  strings  of  record  length  are  of  unquestioned  interest,  they 
arc  so  rare  as  to  he  of  little  importance  as  factors  in  rattlesnake  life  and  activity. 
These  long  strings,  if  thev  did  exist,  would  be  cjuiic:  inellicicnt  for  their  intended 
purpose— namely,  to  make  a  noise.  W'e  shall  therefore  present  some  data  on  the 
usual  lengths  of  rattle  strings  on  wild  rattlers,  and  the  reasons  for  the  scarcity 
of  long  strings;  for  they  are  not  scarce  because  rattlers  do  not  grow  so  many  seg- 
ments during  their  lives — from  this  viewpoint  25  or  30  would  not  be  excep- 
tional— but  because  long  strings  are  particularly  subject  to  wear  and  breakage. 

In  gathering  pertinent  data  on  average  or  normal  strings,  it  is  virtually  im- 
possible to  secure  statistics  cxactlv  represcntati\ e  of  field  conditions,  since  it 
is  inevitable  thai  some  rattles  will  l)c  t)iok('n  in  ilie  pioccss  of  capturing  tlic 
specimens,  and,  unless  great  care  be  taken,  in  their  preservation  as  well.  It  is 
not  satisfactory  to  utilize  specimens  that  have  been  the  subject  of  frequent 
examination  in  a  museum,  for  rattles,  softened  by  preservative,  are  particularly 
subject  to  breakage.  Also,  one  must  be  careful  not  to  utilize  series  of  specimens 
in  which  there  has  been  any  conscious  selection  with  respect  to  the  length  and 
character  of  the  strings.  For  example,  my  own  collection  of  preserved  red  diamond 
rattlers  (C.  r.  ruber)  woidd  give  an  entirely  erroneous  idea  of  the  proportion  of 
unbroken  rattle  strings  oci  ui  ring  in  that  species,  since  I  have  d(  lib;  i atcly  saved 
specimens  with  unbroken  sitings  in  order  to  acdimulale  certain  dimensional  data. 

In  tables  5:1  and  5:2,  data  are  presented  on  two  large  series  of  rattlers  often 
used  for  statistical  data  in  my  studies:  the  Platteville,  Colorado,  series  of  fHairie 
rattlesnakes  (C.  v.  viridis),  and  the  Cupc  series  of  San  Lucan  diamondbacks  (C.  r. 
lucasensis).  These  were  carefully  handled  during  both  capture  and  preservation, 
and  are  believed  to  be  faiily  representative  of  wild  populations.  Only  adoles^ 
cents  and  adults  are  included. 

In  statistics  of  this  character  it  is  necessary  to  take  the  season  of  capture  into 
aKounl.  as  well  as  the  species  of  snake.  Tlie  I*lall(ville  seiics  were  collected 
about  their  dens  at  the  time  of  going  into  hibei nation  in  autumn  or  emerging 
in  the  spring.  At  this  season  it  will  be  observed  that  most  of  those  with  complete 
strings  have  5  rattles.  However,  had  the  collection  been  made  in  the  summer. 
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TABLE  5:1 

Condition  or  Rattle  Strinos  in  the  Plattbviixb  Sbbibs  op  C.  v.  viriiit 

(Adolescents  and  adults  only) 


Complete  atriasi 

Broken  atrinit* 

TOOU 

M 

F 

T 

M 

F 

T 

M 

F 

T 

0  

r  »  • 

4    «  » 

*  ^  - 

2 

3 

5 

2 

3 

5 

1 

6 

7 

1 

0 

7 
I 

2  

6 

9 

15 

6 

9 

15 

3  

1 

1 

2 

15 

17 

32 

16 

18 

84 

4  

10 

21 

31 

53 

33 

86 

63 

54 

117 

6  

69 

69 

138 

53 

42 

95 

122 

111 

233 

6  

8 

20 

28 

46 

37 

83 

54 

57 

111 

7  

0 

12 

21 

43 

12 

55 

52 

24 

76 

8  

4 

2 

6 

8 

5 

13 

12 

7 

19 

0  

2 

1 

3 

2 

1 

3 

10  

1 

1 

1 

1 

Total 

101 

125 

226 

230 

165 

395 

331 

290 

621 

(M,  male;  F,  female:  T,  wma  eomUiied). 


TABLF.  5:2 


CoNDRKHT  OF  Kaitle  STRINGS  IN  THE  Cape  isEBiES  OF  C.  T.  lucasensui 
(Adolescents  and  adults  only) 


Number  of  mttlee 

Complete  etrinia 

Broken  atrings 

Total 

H 

F 

T 

H 

F 

T 

M 

T 

0  

1  ... 

1  

1 

1 

1 

"i 

2  

2 

3 

5 

2 

3 

5 

3  

2 

3 

5 

2 

3 

5 

4  

3 

4 

7 

3 

4 

7 

5  

1 

3 

4 

10 

9 

19 

11 

12 

23 

6  

6 

6 

12 

15 

21 

36 

21 

27 

48 

7  

9 

7 

16 

31 

17 

48 

40 

24 

64 

8  

6 

5 

11 

38 

17 

55 

44 

22 

66 

9  

1 

1 

28 

14 

42 

28 

15 

43 

10  

2 

2 

22 

7 

29 

24 

7 

31 

11  

15 

4 

19 

15 

4 

10 

12  

1 

1 

1 

1 

13  

2 

2 

2 

2 

14  

1 

1 

1 

1 

Total  

24 

22 

46 

167 

103 

270 

191 

125 

316 

(H,  male;  F,  female;  T,  aeiee  eombined). 
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G  or  7  1  attics  woukl  ha\f  j)i  cclomiiiatcd.  \\\  the  follow  iiig  hiixiiiating  date, 
were  ilie  string})  complete,  the  same  snakes  would  have  had  7  to  9  rattles; 
but,  as  is  seen,  few  retain  such  strings  entire,  for  breakage  is  rapid  after  there 
are  8  in  the  string.  Thus,  in  the  table,  these  older  snakes  fall  into  the  broken- 
string  category. 

Similarly,  in  the  lucasensis  statistics  the  table  represents  a  spring  sei  ics.  Had 
the  snakes  been  collected  in  the  summer,  strings  or  8  and  9  rattles  would  have 

predominated  amonjr  the  conipU  te  strings.  By  ilic  following  spring  these  would 
become  lens  or  ele\ens.  But  unbroken  strings  of  this  kiij^ih  aie  fragile  and 
vulneiahle.  so  that  when  next  s|jring  does  arrive.  f(  \\,  if  anv.  of  the  iwo-and  a- 
half-year  old  snakes  still  have  unbroken  strings,  and  the  7  rattles  ol  the  one-and- 
a-half-year-old  snakes  of  one  year  later  would  still  set  the  mode  at  this  figure. 

Although  the  season  of  collection  affects  the  mode  of  the  complete  strings, 
it  is  less  likely  to  affect  the  broken-string  category.  For,  if  a  rattler  gets  four 
new  ratth  s  per  year,  it  is  obvious  that  the  modes  in  complete  strings  at  any  season 
will  be  lour  units  apart.  But  breakage  occurs  irregularly,  and  once  a  string  is 
broken  the  seasonal  modes  oi  peaks  largeh  disapjjcar. 

I  hal  iheic  is  some  sexual  diinorj>hism  in  the  retention  of  coiujilele  strings  is 
c\ident  from  the  tables.  For  example,  'iO.5  per  cent  of  the  male  x'iridis  had  com- 
plete strings,  while  13.1  per  cent  ol  the  leniale  strings  were  entire.  In  the 
lucasensis  the  corresponding  percentages  are  12.6  per  cent  for  the  males,  and 
17.6  per  cent  for  the  females.  No  doubt  the  higher  breakage  shown  by  the  males 
results  from  their  greater  activity. 

The  lower  percentages  of  unbroken  strings  in  lucasensis,  as  compared  with 
viridis,  is  a  climatic  eflett.  lot  liirnsensis  has  a  longer  growing  season  and  aver- 
ages about  7  rattles  (if  the  string  is  (omplete)  in  the  spring,  as  (()in]jaied  to 
:>  in  i'iridis.  Hut  a  7-se(;uieut  stiiiig  luis  a  lower  chance  ol  survival  without  break- 
age than  a  .^  segment,  other  conditions  being  ecpial. 

At  this  point,  mention  should  be  made  of  the  fact  that  the  button,  being 
the  thinnest  and  most  fragile  of  the  rattles,  and  having  only  one  gripping  edge, 
is  the  most  easily  lost.  The  subsequent  rattles  are  successively  strengthened,  both 
by  thicker  and  better  reinforced  walls,  and,  beginning  with  rattle  No.  3  or 
No.  1.  the  second  transverse  groove  is  serviceable  in  giipping  the  succeeding 
rattle,  so  that  the  hold  is  doubled  (fig.  .^):Md).  At  about  rattle  \o.  8  almost 
full  adidt  slieiiL^lh  and  holding;  ]>owti  aic  leached.  Ibis  fiagility  of  the  eatly 
rattles,  especially  liie  button  and  .Nos.  2  and  j,  makes  it  clear  why  extra-long 
strings— say  above  11  rattles — are  so  seldom  unbroken.  There  seems  no  truth 
in  Rivers'  theory  (1871,  p.  507)  that  brittler  rattles  are  produced  as  a  snake 
ages;  on  the  contrary,  the  later  rattles  are  heavier  and  stronger  than  the  earlier 
(see  table  5:3,  last  column). 

Although  theie  is  sexual  dimorphism  in  the  percentage  of  specimens  having 
complete  strini^s,  iheic  is  no  significint  difference  in  the  average  length  of  the 
complete  strings,  the  ioUowing  being  the  liguies: 


Average  Number  of  Rattles,  Complete  Su  in^s 


Males  I-cmalcs 


Ikith  sexes 
5.24 
6.98 


Platteville  viridis 
Cape  lucasensis  . 


SJ2S  5.22 
7.16  6.78 
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Corresponding  figures  for  the  broken  strings  are  as  follows: 

Average  Number  of  Rattles,  Broken  Strings 

Males         Females  Both  sexes 

Flatte\illc  viridh   5.24  5.04  5.15 

Cape  lucaseusis   7.91  7.27  7.67 

Hence,  wliilc  more  females  retain  complete  strings,  they  do  not  average  more 
rattles;  this  indicates  slower  lenialc  giowth,  or  fewer  skin  changes  at  a  given  age. 

It  will  be  observed  that  there  is  little  diffcrciui-  between  broken  and  nn- 
broken  stiings,  as  far  as  the  average  number  of  rattles  is  toncerncd.  1  should 
expect  to  hnd  a  somewhat  higher  average  in  tlie  broken  strings  because  of  the 
greater  strength  in  the  terminal  rattles.  There  is  some  indication  of  this  in 
lucasensis.  It  must  be  recognized  that  the  broken  strings  are  penalized  by  having 
among  their  number  several  individuals  with  from  0  to  3  rattles;  none  with 
these  low  numbers  is  contained  in  the  complete-string  category,  since  they  would 
be  juveniles  and  therefore  eliminated  from  the  tabulation.  If  we  begin  with 
4-rattle  strings  then,  as  expected,  the  broken  strings  have  a  higher  average  number 
of  segments  than  the  unbroken. 

It  must  be  reniembcrcd,  with  respect  to  statistics  of  this  character,  that  string 
averages  in  the  field  are  certain  to  be  somewhat  higher  than  those  cited  in  these 
tables;  however,  in  this  case  of  these  carefully  handled  series,  the  discrepancies 
are  believed  to  be  minor.  But  this  cannot  be  said  of  the  usual  run  of  spedmens 
in  collections. 

One  point  does  stand  out  in  the  figures  presented — namely,  the  definitely 
higher  avera^  of  the  lucasensis  strings  as  compared  with  viridis.  Differences  such 
as  this  may  be  attributed  to  a  variety  of  reasons:  the  comparative  dispositions 

of  the  snakes;  the  prevalence  of  enemies  causing  the  use  of  the  rattle;  the 
(haracter  of  the  country  inhabited;  and,  finally,  the  relative  strengths  of  the 

strings  themselves. 

An  example  of  the  first  differential  character  may  be  observed  in  a  com- 
parison of  the  red  diamond  (C.  r.  rubei)  and  the  southern  Pacific  rattlers  (C. 
V.  helleri)  of  San  Diego  County.  In  a  given  period,  21  of  the  former  were 
secured  with  complete  strings  having  in  excess  of  8  rattles;  of  helleri  there  were 
only  12.  The  total  number  of  adults  was  about  the  same  in  the  two  species. 
C.  r.  ruber  is  probably  the  most  placid  of  all  rattlesnakes:  liclleri,  on  the  other 
hand,  is  of  a  rather  nervous  temperament.  As  these  two  snakes  live  in  the  same 
snrroiuidings,  characterized  by  boulders  and  chaparral,  it  is  to  be  presumed 
that  disposition  accounts,  at  least  in  part,  for  the  difterenccs  in  the  lengths  of 
the  rattle  strings. 

As  examples  of  the  second  clFcct — ^the  lack  oE  enemies — island  species,  such 

as  the  Tortuga  Island  diamond  (C.  tortugensis)  and  the  Cedros  Island  diamond 
(C.  exsul)t  may  be  cited.  The  former,  especially,  is  characterized  by  long  rattle 
strings.  Out  of  270  lucasensis  with  broken  strings,  only  4,  or  1.5  per  cent,  had 
more  than  11  rattles;  out  of  37  tortugensis,  7,  or  18.9  per  cent,  had  more  than 
this  number,  including  one  with  15.  one  of  the  longest  natural  strings  I  have 
seen.  Similarly,  of  the  available  specimens  of  exsul,  8.7  per  cent  had  more  than 
11  rattles. 
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\Vith  respect  to  the  character  of  the  country,  it  has  been  noted,  as  might  be 
expected,  that  snakes  inhabiting  sandy  areas,  such  as  the  western  diamond  (C. 
at  vox)  in  sonic  parts  ot  its  range,  and  the  sidewinder  (C.  cerastes),  arc  often 
cliaratterized  by  long  strings.  For  they  arc  less  subject  to  wear  and  breakage 
than  the  rattles  o£  the  brush  and  rock  dwellers;  the  latter  not  only  suffer  from 
abrasion,  but  are  more  likely  to  be  caught  in  a  forked  branch  or  the  deft  of  a  rock. 

Finally,  we  have  the  matter  of  relative  strength.  I  think  it  jMrobable  that  the 
difference  between  the  average  length  of  viridis  and  lucasensis  strings,  to  which 
attention  has  aheady  been  directed,  largely  results  from  this  effect.  It  is  true, 
of  course,  that  the  larger  rattles  are  subject  to  greater  amplitude  of  vibration 
and  more  friction,  but  they  seem  to  be  even  more  than  compensated  for  these 
requirements  by  acidcd  thickness  and  strength.  The  smaller  species,  such  as 
the  pigmy  rattier  (S.  tnili(iriu.s),  the  ceniral-jilateau  dusky  rattler  (C.  t.  iriscriatus), 
and  the  Arizona  twin-spotted  rattler  (C.  p.  pricei)  rarely  have  strings,  either  com- 
plete or  broken,  exceeding  7  or  8  rattles.  In  general,  where  the  other  variables 
are  equal,  larger  species  of  rattlers  tend  to  have  longer  strings.  Small  rattlesnake 
species  with  proportionately  large  rattles,  of  which  the  tiger  rattler  (C.  tiffris) 
is  the  best  example,  often  have  long  strings;  for,  in  these,  there  is  an  abundance 
of  structural  strength,  compared  to  the  forces  causing  Inreakage* 

It  is  of  interest  to  note  that  in  the  Plattcvillc  scries  of  prairie  rattlesnakes 
(C  XK  viridis),  several  of  the  effects  which  I  have  mentioned  militate  against  long 
strings.  In  this  series  f)f  621  snakes  (adolescents  anil  adults)  only  a  single  snake 
reached  10  latilcs,  iliis  was  a  broken  string  on  a  male  snake;  tlicrc  were  three 
snakes  with  9.  The  longest  complete  string  contained  only  8  rattles;  of  these  there 
were  six,  four  males  and  two  females.  The  correlation  of  body  length  with  number 
of  rattles  indicates  that  many  of  these  adults  would  have  had  strings  far  exceed- 
ing these  in  number,  had  they  remained  unbroken;  in  other  words,  it  was  not 
a  si2e  limitation  that  cut  the  long  strings  to  such  small  numbers — rather,  it 
was  the  natural  wear  and  breakage. 

Very  short  strings  arc  also  abnormal;  thus  out  of  t)21  Platteville  snakes  (no 
juveniles  included)  five  had  no  rattles,  and  seven  only  one,  the  attached  rattle 
sheathing  the  matrix.  These  were  noiseless  and  therefore  useless  strings.  The  five 
unfortunates  had  had  their  rattles  (including  the  matrices)  cut  completely  oif; 
they  showed  by  other  scars  that  they  had  been  "killed,"  and  their  rattles  re- 
moved as  trophies,  but  had  subsequently  recovered. 

It  shoidd  be  n^ade  clear  that  breakage  in  rattle  strings  is  both  normal  and 
beneficial.  Very  long  strings,  say  beyond  12  rings,  cannot  be  particularly  service- 
able from  the  standpoint  of  a  sound-producing  apparatus,  and  might  be  a  positive 
detriment,  for  the  very  length  and  weight  would  damp  out  the  vibrations.  I'ln- 
thermorc,  they  would  tend  to  arch  over  and  drag  on  the  groinid,  notwithstanding 
the  fact  that  the  normal  crawling  posture  of  rattlers  causes  tlie  rattles  to  tilt 
upward  and  avoid  contact  with  the  ground.*^  Probably  a  string  of  from  6  to  8 
segments  constitutes  the  most  efficient  vibrator.  Thus  it  seems  natural  and  ad* 
vantageous  that  rattles  should  be  lost;  the  long  string  is  exceptional  and  actually 
detrimental. 

Rattles  are  normally  lost  either  through  the  wear  incident  to  use — that  is, 

"  Sirinj^s  of  the  fantastic  lengths  already  mentioned,  such  as  those  with  30  to  40  nctles,  ivould 
certainly  touch  the  ground  as  the  snake  crawled,  and  be  quickly  worn  away. 
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by  being  rattled  so  much  that  they  wear  out — or  by  being  scraped  or  torn  by 
intcrffrinf^  objects.  For  example,  if  a  rattle  be  caught  in  the  fissure  of  a  rock  or 
the  folk  of  a  branch,  the  snake  will  give  a  violent  twitch  of  its  tail  and  the 
offending  rattle  will  be  snapped  off.  At  the  San  Diego  Zoo,  captive  rat  tiers  with 
long  strings  have  been  observed  to  break  rattles  off  by  bending  a  string  at  a 
sharp  angle  when  the  snake's  own  body  was  resting  on  it,  or  by  pulling  the  rattles 
out  from  under  its  own  coils.  Ortenbuiger  (1930,  p.  427)  saw  a  northern  black* 
tail  (C.  m.  molossus)  l»eak  a  string  in  this  manner. 

The  rapidity  with  which  a  loss  of  rattle  segments  can  occur  through  excessive 
vibratory  use  has  been  observed  in  captive  specimens.  Those  that  are  extremely 
nervous  when  brought  in,  and  that  fail  to  become  iiuned  to  the  y^resence  of 
human  beings,  rattle  for  such  long  periods  that  the  rattles  quickh  wear  out, 
this  being  especially  true  of  the  terminal  segments  of  long  strings.  But  captivity 
does  not  invariably  produce  this  effect;  on  the  contrary,  some  strings  longer 
than  any  carried  by  wild  rattlers  have  been  attained  by  captives,  because  those 
that  lose  their  fear  seldom  rattle,  and  become  so  lethargic  that  they  crawl  about 
but  little.  As  a  result,  the  rattles  are  conserved,  producing  some  phenomenally 
long  strings  not  matched  in  nature,  occasionally  reaching  20  or  even  more  before 
breaking.  The  record  thus  far  at  the  Sau  Diego  Zoo  was  held  by  a  timber  rattle- 
snake (C.  h.  horrid  lis)  that  had  an  incomplete  string  of  29  rattles  at  the  time  of 
its  death.  The  records  for  complete  strings  are  also  Hkely  to  l)e  made  by  captives, 
C.  B.  Perkins  of  the  San  Diego  Zoo  having  reported  the  longest  complete  string 
(with  the  original  button)  of  which  wc  have  knowledge.  This  was  on  a  Toriuga 
Island  diamond  rattler  (C.  tortugensis)  that  was  received  in  1937  with  a  com- 
plete string  of  5  rattles.  By  August,  1941,  it  had  18  rattles,  with  the  button  still 
intact.  Shortly  afterward  die  rattle  broke,  1 1  segments  coming  off  in  one  piece. 
Complete  strings  of  15  or  16  rattles  are  not  exceptional  among  caged  rattlers. 
Probably  the  best  illustration  of  the  string-prolonging  effect  of  a  quiet  and  well- 
adjusted  captivity  was  noted  in  a  brood  of  9  western  diamonds  (C.  atrox)  born 
in  captivity  and  raised  by  (he  late  Grace  Olive  \Viley  at  the  Brot:tk(ielcl  Zoo.  l-our 
out  of  9  of  these  snakes  at  the  age  of  27  months  still  retained  complete  strings, 
which  numbered  M,  15,  15,  and  15  segments.  In  addition,  another  with  15  rattles 
had  lost  only  the  button.  Any  one  of  these  would  have  been  virtually  a  record 
breaker  in  a  wild  rattler,  yet  here  we  find  5  in  a  single  brood.  Of  course,  it  should 
be  remembered  that  these  rattlers,  because  of  the  lack  of  a  winter  hibernation 
and  other  conditions  peculiar  to  captivity,  grew  these  large  numbers  of  rattles 
in  much  less  time  than  would  have  been  retjuircd  imder  natural  conditions  in 
the  wild.  The  longest  unbroken  strings  that  I  have  seen  on  live  wild  rattlers 
were  on  a  San  Lucan  speckled  rattlesnake  (C.  m.  mitchelli),  and  on  a  red  diamond 
(C.  r.  ruber)  from  Yaqui  Pass,  San  Diego  County.  Each  had  13  rattles,  including 

the  original  button.  It  is  probably  no  coincidence  that  C.  m.  mitchelli  has  un> 
usually  large  (and  therefore  stnmg)  rattles  in  proportion  to  the  length  and  bulk 
of  its  body,  and  that  C.  r.  ruber  is  exceptionally  peaceable  in  disposition.  Ross 
Allen  sent  me  for  examination  the  rattle  of  an  eastern  diamondback  (C.  ada* 
manteus)  comprising  a  complete  string  of  17  segments.  This  had  been  removed 
from  a  snake  1,.SG2  mm.  (53%  in.)  long,  captured  in  Afarion  County,  Florida. 
I'he  rattle  was  apparently  authentic.  As  mentioned  elsewhere,  the  longest  in- 
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complete  stiint;  I,  myself,  have  seen  on  a  wild  laitlei  was  IT)  (this  to  be  compared 
with  ihc  record,  in  my  own  experience,  of  a  (omplete  siring  ot  13);  and  the 
longest  apparently  authentic,  but  incompleie,  !>iring  I  have  examined,  but  not 
attached  to  the  snake,  was  the  western  diamondback  (C.  atrox)  string  of  23 
segments  in  the  possession  of  Stanley  Mulaik.  This  may  be  compared  with  Ross 
Allen's  17-scgmcnt  complete  string  on  an  eastern  diamondback.  The  correspond- 
int^  record  figures  for  captive  rattlei  s  were,  as  I  have  stated:  incomplete  string — 
2U  in  a  timber  rattlesnake  (C.  It.  Iiorridus);  complete  String — 18  in  a  Tortuga 
Island  diamondback  (C.  tortugensis). 

Chemical  Composition 

The  rattle  of  the  rattlesnake  is  composed  of  keratin,  the  albuminoid  substance 
that  is  also  the  basis  of  such  tough  animal  products,  able  to  withstand  wear  with- 
out further  nourishment,  as  horn,  hair,  nails,  and  feathers.  A  chemical  analysis 
of  the  rattle  material,  together  with  comparative  analyses  of  rattlesnake  skin  and 
other  substances,  will  be  found  on  p.  321. 

It  is  of  interest  to  note  that  as  early  as  1709,  L;n\soii  fp.  12S)  had  stated  that 
the  rattle  maleiial  rest iiibltd  that  ot  horns  or  human  nails.  I  liis  was  repeated 
by  Britkcll  (MWl,  j).  1  12).  Lacei>cde  (1788-89,  vol.  2,  p.  396;  Kerr's  translation, 
1802,  vol.  1,  \).  252)  thought  the  composition  the  same  as  that  of  the  rattlesnake's 
scales  and  plates.  Hopley  (1882,  p.  297)  likened  it  to  hair,  nails,  quills,  or  hardened 
skin;  and  Mole  (1895,  p.  191)  to  the  material  of  human  nails. 

SrRrc.M  kK  oi  tiik  Raiti.e 

The  knowledge  oi  the  structure  of  the  rattle,  as  divorretl  from  the  histoli)i;v  of 
its  formation  and  the  chronology  ot  its  growtii,  has  been  a  gradual  devei()|)mt  iit. 
Sonic  ol  ilic  eaily  laudnutiks  in  this  icstaich  were  ilie  descriptions  and  sketclies 
of  Grew  (1681.  p.  50),  Tyson  (1683,  figs.  10-12),  Catesby  (1743,  vol.  2,  plate  41), 
Lac^p^de  (1788-89.  vol.  2,  p.  396;  Kerr,  vol.  4,  p.  252),  and  Bosc  (1803,  p.  551). 
These  revealed  how  the  successive  lobes  or  elements  fitted  into  each  other.  I 
shall  make  no  further  attempt  to  outline  the  history  of  the  accumulation  of  the 
knowledge  of  the  rattle  structure,  but  shall  repeat,  with  appropriate  modifica- 
tions, my  own  description  from  a  prior  publication  (1910b,  j).  3:i). 

The  rattle  is  too  irregular  an  object  to  permit  a  universally  s:ii  isla(  lorv  descrip- 
tion: however,  certain  [>enerali/ations  may  be  made.  It  i->  known,  of  (ourse, 
that,  as  the  rattle  is  carried  by  the  snake,  the  greater  dimension  ol  each  ring  is 
vertical  and  the  lesser  transverse;  that  is,  the  rattle  is  carried  with  the  broader, 
flatter  sides  as  lateral  faces.  In  addition  to  the  deep  transverse  grooves,  or  con- 
strictions, that  separate  the  lobes  of  each  rattle,  there  is  a  secondary  longitudinal 
furrow,  sometimes  narrow  and  sharply  indented,  more  often  Ijioad  and  shallow, 
along  the  lateral  faces  of  the  exterior  lobes.  The  longitudinal  groove  of  each 
superior  lobe  loosclv  engages  the  grfjove  in  the  inferior  lobe  b(  neath;  thus  it 
affords  a  certain  stal)ility  by  guiding  movement,  and,  by  its  corrugation,  increases 
strength.  In  tin  hidden  lobes,  the  longitudinal  grooves  are  deep  antl  sharply 
angular,  so  that  the  engagement  of  the  groove  of  the  second  lobe  with  that  of 
the  third  is  quite  restrictive.  Often  these  internal  furrows  are  so  deep  and  com- 
pressed as  to  produce  internal  reinforcing  fins. 
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The  configuration  that  permits  the  snake  to  keep  its  rattles  clear  of  the  ground 
as  it  crawls,  is  the  result  of  an  asymmetrical  development  above  and  below  the 
lon^itiuliiKil  lurrow  (figs.  '>;()  to  5:8).'"  Necessarily  there  is  a  looseness  of  fit  in  the 
coupling  of  the  successive  segments  to  ali(nv  lur  the  movement  whereby  the  suc- 
cessive elements  may  strike  each  other  and  produce  the  sound.  Were  the  rattle 
constructed  symmetrically  about  the  longitudinal  center  line,  this  looseness  would 


I 


Fig. 5:6  (left).  Vertical  sccliuii  showing  the  as)miuclry  of  tiie  inlcrnal  fit  of 
three  interlocking  segments  of  a  rattle. 

Fig.  5:7  (center).  Lateral  asymmetr)-  of  a  rattle  segment. 

Fig.  5:8  (right).  Forward  slope  of  the  upper  lobe  of  a  rattle  segment. 


Fig.  5:9.  Raule-string  with  the  outer  etui  raised  to 
its  lii<,'licM  position,  to  siiow  the  effect  of  the  as)tn- 
inctry  on  the  possil;le  travel. 


Fig.  5:10.  The  same  ratlle-.stiing  as  in  fij^urc  5:9. 
with  the  outer  end  in  its  lowest  position. 


result  in  a  downward  curve,  which  would  allow  the  posterior  rattles  to  drag. 
But  the  rattles  are  not  symmetrical;  on  the  contrary,  each  ring  is  so  distorted 
that,  when  the  rattle  string  is  in  a  position  permitting  equal  degrees  of  freedom 
both  upward  and  dow'nward,  the  ceniei  line  is  a  curve  upbeiuling  j>osieriorly 
(fig.  .5:9).  \\'!ieii  the  limit  of  travel  downward,  as  permitted  by  the  suci  essivc  inter- 
locks, is  imposed  by  the  weight  of  the  tattle,  the  center  line  is  virtually  straioht 
(fig.  5:10).  By  this  means  a  sligiu  upward  tilt  of  the  tail  end  sufluc  s  to  keep  the 
rattle  clear  of  the  ground,  and  this  is  the  snake's  normal  crawHng  posture  (fig.  G:5). 

The  configuration  whereby  the  asymmetry  is  produced  is  complicated  and 
ingenious.  Each  flat  side  of  a  rattle  is  grooved  by  the  central  longitudinal  furrow. 

"I  he  asymmetry  was  mentioned  by  Hoplcy  (1882,  p.  306);  she  failed  to  understand  how  it  was 
made  effective.  Of  this,  Quelch  (1891,  p.  6)  has  given  a  brief  and  correct  explanation. 
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1  his  is  rounilcd.  and  may  be  wide  or  narrow  in  llic  anterior  surface  lobe,  but 
in  the  concealed  lobes  it  is  deep  and  with  sharp  angles.  This  furrow  serves  both 
as  a  reinforcement  of  what  would  otherwise  be  a  weak,  flat  surface,  and  as  an 
interlocking  guide  between  the  meshing  lobes.  Thus  each  lobe  is  virtually  divided 
into  two  halves;  looked  at  endwise  the  halves  appear  like  intersecting  cylinders. 
So  deeply  cut  by  the  side  grooves  is  the  innermost  lobe,  that,  from  the  end,  the 
two  cylinders  seem  connected  only  by  a  thin,  vertical  web.  The  important  point 
with  reference  to  the  asymmetry  is  that  the  upper  half  of  each  exterior  lobe  is 
smaller  than  the  lower  half,  while  the  upper  halves  of  the  interior  loi)es  are 
larger  than  their  lower  (()unteri)ai  ts.  Thus  the  fit  in  the  uppt  i  lialf  between 
the  exterior  and  interior  lobes  is  closer  than  in  the  lower  halvis,  ami  the  limit 
of  travel  in  any  direction  is  first  reached  in  the  upper  half  (fig.  5:6).  This  is 
further  accentuated  by  a  longitudinal  compression  of  the  transverse  grooves  and 
lobes  in  the  upper  half  as  compared  with  the  lower;  each  separate  rattle  is  there^ 
fore  curved  slightly  upward  as  if  it  were  a  segment  of  a  circle  of  lai^e  diameter 
(fig.  5:7).  In  large  specimens,  a  third,  but  related,  type  of  asymmetry  is  clearly 
evident;  this  is  a  forward  slope  of  the  upper  lobe,  which  is  at  an  angle  with  the 
lower  (fig.  5:8). 

The  effect  of  the  asynnnetry  can  best  be  visualized  by  the  folhnving  simple 
experiment:  First,  hold  a  long  rattle  string  in  the  position  as  it  is  carried  by  the 
snake  and  it  will  be  observed  that  it  remains  straight  (fig.  5:10).  Now  turn  it 
upside  down  and  the  whole  structure  sags;  if  the  string  be  long  enough,  the  last 
links  will  hang  vertically  downivatd  (as  in  fig.  5:9,  were  it  upside  down).  Another 
method  of  showing  that  the  mid-position  of  a  rattle  string  is  a  curve,  is  to  press 
the  two  ends  of  a  long  siring  towartl  each  oilu  r  so  as  to  reduce  the  longitudinal 
lost  motion  to  a  minimum.  It  will  be  found  thai  the  string  assumes  a  curve,  with 

tlie  end  tilted  upward. 

Not  only  is  this  asymmetry  important  in  procuring  a  safe  carrying  position, 
but,  also,  it  has  a  beneficial  effect  in  sounding  the  rattle.  When  the  rattle  is  to  be 
vibrated,  the  maximum  effect  will  be  produced,  with  the  least  wear  and  consump- 
tion of  enei^gy,  if  the  several  clashing  elements  are  balanced  on  their  center  lines. 
^Vere  the  rattle  symmetrical,  the  tail  would  have  to  be  vertical  to  secure  this 
balance,  and  the  rattles  would  tend  to  fall  in  a  curve  either  ff)rward  or  back. 
Rut,  owing  to  the  asymmetry,  an  angle  of  some  80*=  from  the  hori/ontal  will 
suflue  to  hold  tlie  rattles  in  a  straight  line,  and  this  is  the  angle  at  which  the 
rattler  in  the  striking  coil  usually  sounds  its  rattle  (Hg.  7:2).  Occasionally,  how- 
ever, it  will  be  held  farther  from  the  vertical,  but  still  the  asymmetry  keeps  the 
string  straight  instead  of  drooping. 

The  articulation  of  the  rattle  is  necessarily  loose,  yet  it  is  surprising  how  dif- 
ficult it  is  to  remove  successive  rings,  particidarly  adult  segments  with  a  fidl  com- 
plement of  transverse  grooves,  so  effective  is  the  clinch  or  intcilock  (figs.  5:11 
and  .5:12).  'I  he  fracture  and  complete  removal  of  an  exterior  Icjbe  at  the  center 
of  a  string  will  not  cause  the  loss  of  the  rattles  posterior  thereto,  as  thev  are  still 
coupled  by  the  smaller  and  stronger  lobes  within.  So  rattles,  unless  cut  or  bioken 
dear  through,  must  be  worn  off  and  lost  in  succession  from  the  posterior  end 
forward,  and  each  lobe  of  a  segment  must  be  completely  fractured  before  detach- 
ment finally  occurs.  Hence  we  see  how  these  relatively  fragile  members  are  so 
tenaciously  retained. 
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As  an  indication  of  the  looseness  of  the  articulation,  it  may  be  noted  that  a 
string  of  rattles  from  an  adult  southern  Pacific  rattler  (C.  v.  Iicllcn),  the  rattles 
being  12  mm.  in  width  and  42  nnn.  in  length  when  adprcsscd,  measuied  IS  nnn. 
when  fully  extended,  thus  showing  a  longituduial  lost  motion  of  G  mm.,  or  13.3 
per  cent  of  the  noniial  string  length  of  45  mm.  A  string  of  12  eastern  diamond- 
back  (C.  adamanteus)  rattles  78  mm.  long  had  a  lost  motion  of  12.8  per  cent; 
and  a  set  of  15  Tortuga  Island  diamond  (C.  tortugensis)  rattles  86  mm.  long» 
8.3  per  cent.  All  of  these  strings  were  fully  adult,  that  is,  the  posterior  rattles 
were  of  substantially  the  same  size  as  those  next  the  body. 

In  all  rattles,  the  interior  lobes  are  more  sharply  angular  than  die  larger,  outer 
lobe.  I'herc  is  a  bead,  or  narrow  outward  curl,  along  the  lateral  anterior  edge  of 


Fig.  5: 1 1  (left).  Vertical  cross  section  of  interlocking  rattles 
(two-dotted  to  facilitate  identification). 

Fig. 5: 12  (center).  Hori/nntal  cross  sc(  lion  of  interlocking  rattles,  through  the 

center  of  the  lower  halves  of  the  lobes. 

Fig.  5: 13  (right).  Vertical  cross  section  of  a  lobe  at  the  bottom  of  the 
anterior  groove,  showing  the  reinforcing  fins. 

each  rattle,  l^sually  this  bead  is  doubled  back  and  flattened  against  the  rattle 
to  form  a  sort  of  hem  or  selvage,  a  device  beautifully  fashioned  to  prevent  the 
start  of  a  tear  (fig.  5:12).  Also,  as  this  folded  edge  strikes  against  the  shoulder 
of  the  next  anterior  rattle,  it  comprises  one  of  the  contacts  producing  the  noise; 
thus  the  bead  becomes  a  reinforced  wearing  surface  (point  A«  fig.  5:12).  The  other 
principal  point  of  contact  is  between  the  heavily  stiffened  posterior  lobe  and 
the  transverse  groove  of  the  outer  rattle  (point  B).  These  contact  points  produce 
the  maximum  noise  with  the  least  friction  and  wear. 

Another  ingenious  development  is  the  reinforcement  of  the  transverse  grooves 
between  lobes  by  tiny  ribs  at  the  four  (orncrs,  for  these  grooves,  as  viewed  in 
section,  approach  a  rectangular,  rather  than  an  elliptical,  shape  (tig.  5:13).  Between 
these  ribs,  at  top  and  bottom,  the  interlocking  clasp  of  the  first  lobe  is  particu- 
larly effective,  the  grip  being  almost  clawlike  (fig.  5:11);  at  the  same  time  it  acts 
as  a  hinge,  permitting  unimpeded  side  movement  in  die  direction  taken  by  the 
vibrating  rattle. 

An  outline  of  the  changes  in  si/e  and  shape,  in  the  successive  segments  of  a 
String,  can  best  be  exemplified  by  a  description  of  the  eleincnts  of  a  typical 
unbroken  string.  A  10-ratile  western  diamond  (C.  atrox)  string  was  selected  tor 
this  study. 
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Unit  A  (picl)iitton.  fii;.  4a).  (This  is  a  Iiypotlietical  {Icsrription  ol  this  unit, 
since  it  disappcaiccl  with  the  hist  shedding  alter  biitli.  It  is  described  troni  speci- 
mens of  recently  bom  young.)  This  is  flat  and  single-lobed.  The  vertical  cross 
section  is  elliptical.  The  central  longitudinal  furrow  is  evident  but  not  deeply 
indented.  The  material  is  thin,  flexible,  and  transparent,  and  the  entire  rattle  is 
rather  easily  removable  because  it  is  only  slightly  constricted  at  the  clinching 
end.  It  does  not  tear  easily.  From  a  side  \k'w,  the  posterior  end  is  semicircular 
in  outline.  The  thickness  of  material  is  about  0.0 1.5  mm. 

So.  I  (ljutton,  fit^.  There  are  two  lc)l)es  only,  and  these  not  sharjjh  dif- 

ferentiated; both  are  smooth  and  rounded  in  outline.  1  he  anterior  constriction 


Fig.  5: 14.  Example  latik-  >sc^mrnis  fiom  an  unlnokcn  rattle-String  of  a 
western  diamond  rattier  (C.  atrox.) 
a.  Prebtitton  (hypothetical,  because  it  is  lost  with  first  shedding  of  the  skin) 
h.  Biittciii 

c.  No.  'Z  rattle 

d.  No.  S  rattle 

e.  No.  6  rattle 

f.  No.  10  rattle 

g.  A  four-lobe  segment  (hypothetical,  because  rattles  do  not  inv:irial>ly  attain  four  lobes) 


is  adequate  for  holding  and  a  slight  bead  is  evident  on  the  edge.  The  groove 
between  lobes,  while  distinct,  is  shallow,  particularly  on  the  sides,  and  not  clearly 
defined.  The  longitudinal  furrow  is  continuous  from  end  to  end  and  is  deeper 
jjosteriorly,  thus  pinching  tiie  end  into  ujjper  and  lower  sections.  A  vertical  asyni- 
metiy  is  already  in  evidence,  the  transverse  groove  being  deepest  above. 

No.  2  (fig.  5:14c).  Of  this  rattle,  the  second  (or  posterior)  lobe  is  completely 
developed  and  the  first  transverse  groove  sharply  cut.  The  third  lobe  is  in  evi- 
dence, but  has  no  holding  power.  The  bead  on  the  first,  or  anterior,  lobe  has 
become  folded  into  a  hem. 

Xn.  3  (fig.  fjrHd).  There  is  little  change  fiom  the  previous  rattle  except  that 
the  third  lobe  is  better  developed:  it  takes  the  form  of  two  parallel  horizontal 
cylindei  s  connec  tctl  Ijy  a  web.  The  vertical  asymmetry  is  moi  e  in  evidence. 

No.  -f.  Of  this  rattle,  the  jjo^terior  (or  third)  lobe  is  considerably  eidarged  by 
the  outward  divergence  ol  the  two  cylinders;  it  now  has  considerable  holding 
power,  which  is  of  importance  in  retaining  rattle  No.  3.  The  reinforcing  ribs  at 
the  corners  of  the  transverse  grooves  are  clearly  in  evidence,  but  more  so  in  the 
anterior  groove  between  the  first  and  second  lobes.  Viewed  from  the  interior. 
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these  ribs  arc  seen  to  be  of  importance  in  strengthening  the  structure.  The  clinch 
of  the  first  lobe  is  parlirulai  1\  cfrcftivc  at  the  vcriiial  daw,  which  grips  the  groove 
between  ihc  (oi  iicr  rcintorccinents  ui  tlic  second  Inbr  oi  the  Xo.  .5  rattle. 

Xo.  5.  1  he  third  lobe  is  now  structurally  of  toiisidtrable  iujportance.  Viewed 
from  the  posterior,  so  that  each  lobe  appears  as  a  small  circle,  concentric  with 
its  larger  anterior  fellow,  it  can  be  seen  that  the  anterior  or  outer  lobe  has  a 
larger  lower  than  upper  segment,  while  the  contrary  is  true  in  lobes  two  and  three. 


TABLE  B'A 

IhaiBNSioNS  OF  A  Rattlb-Stbing  of  a  Webtbrn  Diamond  Rattlebkakb  (C.  «Aro») 

A' 


SECTION  A-A| 


Rattia  number 

w 

U 

L« 

G, 

(5: 

N 

Ri 

R» 

P. 

Wall 
Thick- 
ncM 

1  

64 

51 

47 

82 

29 

31 

40 

45 

0.23 

2  

75 

50 

29 

39 

27 

87 

38 

34 

46 

53 

0  25 

3  

88 

63 

31 

44 

25 

97 

43 

40 

56 

60 

0.28 

4  

103 

75 

39 

55 

31 

113 

45 

44 

60 

68 

0.31 

5  

117 

90 

54 

66 

41 

117 

48 

43 

69 

75 

0  36 

6  

127 

100 

63 

73 

49 

123 

50 

46 

73 

81 

0.43 

7  

133 

106 

73 

77 

56 

122 

48 

43 

7G 

84 

CM 

8  

139 

116 

78 

85 

60 

120 

49 

44 

75 

83 

0.43 

9  

144 

12.3 

ss 

KS 

GO 

n3 

SO 

46 

78 

85 

0.46 

10  

156 

126 

93 

94 

1 

146 

55 

50 

82 

92 

0.51 

Note:  All  dimensions  in  tenths  of  a  millimeter. 


iVo,  6  (fig.  5: 14e).  The  thiid  lobe  is  still  further  enlarged.  The  posterior  surface 
of  the  middle  lobe  is  deeply  indented. 

No.  7. 1  he  transverse  grooves  are  still  deeper  and  more  sharply  indented. 

iVo.  8.  There  is  little  change  beyond  an  cnlar^cuunt  of  the  {)arts. 

iVo.  9.  Now,  lor  the  first  time,  the  divergent  cyluiders  that  constitute  the  pos- 
terior lobe  are  extended  into  little  cones  as  if  a  fourth  lobe  were  in  contemplation. 
The  transverse  grooves  are  deep-set  and  angular,  and  the  symmetry  more  than 
ever  evident. 

No.  10  (fig.  5:14f).  This  rattle,  the  proximal  or  attached  rattle  of  the  present 
string,  surrounds  the  matrix  from  Avhich  it  has  only  partly  sprung  away.  The 
tentative  conical  extensions  from  the  rear  of  the  posterior  lobe  have  become  more 
prominent. 

Dimensional  data  on  this  typical  string  are  set  forth  in  table  5:3.  It  is  of  interest 
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to  note  the  giadual  increase  in  the  wall  thickness,  which  was  measured  at  the 
flat  face  of  the  outer  lobe  of  each  segment. 

Whether,  had  this  string  grown  further,  a  complete  fourth  lobe  would  have 
been  developed,  is  not  known.  Four  full  lobes  are  occasionally  found  (fig.  5: 14g), 
particularly  in  the  lai^ger  species,  and  sometimes  the  beginning  of  a  fifth  has  been 
observed.  I  have  been  unable  to  determine  whether  the  development  of  a  fourth 
lobe  is  characteristic  of  a  particular  age,  sex,  or  species — ^the  indications  are 
rather  against  consistency  on  this  point.  I  have  seen  some  long  strings  of  12  or 
more  rattles  in  which  the  oldest  showed  by  its  form  that  it  was  an  adult  ring, 
thus  indieatiut;  thai  the  youngest  was  at  least  rattle  \o.  20,  yet  no  fourth  lobe 
had  begun  to  iorm.  So  it  appears  that  3-lobe  segments  are  typical  of  most  adult 
rattles.  The  second  lobe  is  evident,  but  not  serviceable,  in  the  button;  it  becomes 
efEective  in  rattle  No.  2.  The  third  lobe  normally  is  evident  in  rattle  No.  2,  and 
first  becomes  truly  effective  in  rattle  No.  4.  By  the  time  rattle  No.  7  is  attained, 
the  adult  shape  is  reached.  Thereafter  the  increase  in  the  size  of  successive  seg- 
ments is  much  slower;  this  increase  continues  at  least  until  the  twelfth  or  four- 
teenth rattle,  and  jxjssibly  beyond;  however,  after  the  twelfth  the  increment  is 
so  small  as  to  be  masked  by  seasonal  fluctuations. 

At  the  beginning  of  this  discussion  of  rattle  structure,  1  mentioned  the  fact 
that  the  rattles  on  the  snake  are  always  attached  and  carrieil  by  the  snake  with 
the  broad  or  major  face  verticaL  Tyson,  as  early  as  1683  (p.  54),  pointed  this  out, 
but  it  is  surprising  how  frequently  this  easily  verified  feature  still  constitutes  a 
source  of  argument  in  the  question-and-answers  columns  of  the  sporting  press — 
an  argument  that  will  never  end.  A  theory  frequently  advanced  is  that  mountain 
rattlers  w^ar  their  rattles  with  the  broad  face  vertical,  while  in  plains  or  prairie 
snakes  the  broad  side  is  horizontal  (Anon.,  1872b,  p.  6-12;  Bailey,  1876,  p.  -101). 
A  variation  expressed  by  a  magazine  editor  was  to  the  effect  that  eastern  snakes 
carry  their  rattles  flat  side  down  and  western,  flat  side  vertical  (Moran,  1878, 
p.  341).  Still  another  view  credits  the  females  with  vertical  and  the  males  with 
horizontal  rattles  (Outdoor  Life,  vol.  50,  no.  3,  p.  233,  September,  1922).  This 
myth  is  sometimes  reversed,  the  female  having  the  horizontal  rattle.  Other  discus- 
sions of  this  feature  are  those  of  Moody  (1907,  p.  533),  McCandless  (1907,  p.  1012), 
and  Jaques  (1908,  p.  91). 

It  is  probable  that  this  uncert.tintv  arises  from  an  examination  of  dead  snakes, 
in  which  the  tail  has  become  so  limp  or  damaged  that  it  is  not  clear  how  the 
rattle  was  carried.  Anyone  making  a  careful  examination  of  the  rattles  of  any 
live  rattlesnake  of  either  sex,  and  of  any  known  species,  will  be  quickly  convinced 
that  the  flat  side  is  always  perpendicular  to  the  ground.  Even  in  dead  specimens, 
this  can  be  verified  if  one  notes  the  relationship  of  the  rattle  to  the  scales  (the 
subcaudals)  on  the  underside  of  the  tail,  which  are  much  larger  than  the  scales 
on  the  top  or  sides  of  the  tail. 

The  Shifting  Process 

Tlie  mechanism  whereby  each  rattle  segment  is,  in  the  course  of  its  formation, 
displaced  one  lobe  forward — or,  what  amounts  to  the  same  thing,  the  next  older 
rattle  is  transferred  one  lobe  back — is  a  omiplicated  one.  The  fact  of  displace^ 
ment  has  long  been  understood,  for  this  is  basic  to  the  loose  fit  yet  mechanically 
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tenacious  interlocking  of  the  successive  segments,  upon  which  the  efficient  opera- 
tion of  the  rattle  as  a  sound  producer  depends.  Early  explanations  merely  stressed 
the  interlock:  later  ones  attempted  to  explain  the  shift,  none  with  great  sucxess, 
for  it  is  further  required  that  the  interlock  be  never  relinquished  during  the 
shifting  process  or  all  the  rattles  would  be  lost.  Such  explanations  have  been 
made  by  Laccj^ede  (1788-89,  vol.  2,  p.  403;  Kerr's  translation,  1802,  vol.  4,  p. 
255).  Czermak  (1857,  p.  294),  Wyman  (1862,  p.  121).  Carman  (1887.  p.  2),  Quelch 
(1891,  p.  2),  and  Klauber  (1940b,  p.  31).  More  recently  Zimmermann  and  Pope 


Fig.  3:15.  Mojave  Desert  sidewinder  (C.  c.  cerastes),  showing  lack  of  a  rattle,  probalilv  a  con- 
genital defect.  (Specimen  collected  by  Charles  E.  Sliau  and  tlic  author  at  Shoshone,  Inyo  County, 
C^alifornia,  on  the  night  of  June  ^,  1919.  Photograph  bv  d.  E.  Kirkpatrick.) 

(1948),  by  the  use  of  X  rays,  clearing  and  staining,  and  advanced  histological 
techniques,  have  done  much  to  explain  the  mechanism  of  the  shift,  as  well  as  the 
histological  processes  upon  which  it  is  dependent. 

They  divide  the  cycle  of  the  foi  ination  of  one  complete  segment  into  two  periods, 
an  active  and  a  latent  period.  During  the  latent  period,  as  implied  by  the  term, 
no  progress  in  rattle  formation  is  evident;  this  is  a  period  of  normality  or  rest. 
In  one  cycle  of  77  days  cited  by  the  authors,  the  latent  period  entailed  about 
60  days,  or  78  per  cent  of  the  cycle.  I'his  was  followed  by  an  active  period  involv- 
ing the  formation  of  a  new  rattle,  a  period  which  the  authois  have  further  sub- 
divided into  an  accretion  interval  of  about  14  days,  and,  finally,  a  resorption 
period  of  3  days.  Il  may  be  assumed,  although  not  so  slated  by  the  authors,  that 
the  great  differences  in  the  observed  time-lengths  of  the  shedding  cycles  of  rattle- 
snakes— 50  days  to  a  year  or  more — are  absorbetl  in  variations  in  the  latent,  rather 
than  in  the  two  sections  of  the  active  period.  This  is  indicated  by  the  fact  that 
the  extent  of  the  active  period  of  shedding,  as  measured  from  the  initial  "blue- 
eyed"  stage  to  final  exuviation,  is  apparently  not  lengthened  when  the  entire 
shedding  cycle  is  lengthened,  although  this  may  not  be  entirely  true  of  frequently 
shedding  young  snakes. 
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The  growths  and  movements  that  take  place  during  the  active  period  have 
been  excellently  illustrated  by  Zimniennann  and  Pope  (pp.  370-72)  in  series  of 
X-ray  pictincs  of  the  tail,  matrix,  and  rattle  of  an  adult  western  diamond  rattler 
{C.  ntrox).  Two  of  these  figures  are  reproduced  here  as  figures  5:l(i  and  5:17, 
through  the  courtesy  of  the  authors.  During  the  latent  period,  the  proximal  or 
attached  segment  closely  hugs  the  matrix  on  which  it  was  formed,  and  the  two 
posterior  prongs  of  the  bony  shaker  extend  almost  to  the  posterior  tips  of  the 
distal  lobe  of  the  matrix  (fig.  5:16).  With  the  onset  of  the  initial  stage  of  the  active 


Figs.  5:16  and  ,'>:  17.  X  rays  of  the  rattle  matrix  and  shaker  of  a  western  diamond  rattle- 
siKikc  (C.  alrnx),  showing  ihc  chaiiRC  in  rhc  position  «)f  ilic  bony  shaker  in  relation  to 
the  tissue  of  the  matrix.  Fig.  5:10  (al)ovc)  represents  the  hcginnitjg  of  the  latctu  period; 
liR.  5:17  (hclow),  near  the  middk.*  of  the  acereticui  period.  (Figtires  through  the  courtesy 
of  Dr.  .Arnold  A.  Ziniinermann  and  Mr.  Clitford  H.  Pope.) 

period,  a  new  lobe  of  the  matrix  begins  to  form  at  the  forward  edge  of  the  existing 
rattle,  where  there  is  a  crease  (called  the  sulcus  by  the  authors)  between  the  edge 
of  this  rattle  and  the  tissue  of  the  tail  (fig.  5:17).  This  new  lobe  swells  during  the 
entire  period  of  accretion;  externally  its  presence  giadually  becomes  apparent 
by  the  stretching  of  the  old  skin  that  covers  it,  the  folds  between  the  scales  of 
this  skin  being  flattened  out  to  permit  stretching.  Zimmermann  and  Pope  (p.  368) 
emphasize  the  fact  that  the  growth  of  the  new  lobe  never  encroaches  on  the  tail 
itself;  on  the  contrary,  it  leads  to  the  only  other  possible  result — a  shift  tailward 
of  the  soft  tissues  along  the  shaker.  (The  old  skin  does  not  pull  away  from  the 
previous  rattle,  since  its  end  is  caught  and  held  by  a  fold  or  selvage  in  the 
j^roximal  edge  of  the  rattle;  if  it  did  pidl  away  it  would  uncover  the  newly  form- 
ing lobe  beneath,  to  the  detriment  of  the  latter.)  With  the  growth  of  the  new 
lobe,  the  matrix  becomes  temporarily  4-lobed,  and  is  extended  backward  until 
the  shaker  is  seen  to  form  the  core  of  the  anterior  3  lobes,  instead  of  the  posterior 
3  (there  was  no  fourth  then)  as  it  did  at  the  beginning  of  the  process.  Thus,  if 
we  use  the  position  of  the  shaker  as  a  guide  point  or  bench  mark,  it  will  be  seen 
that  the  posterior  3  lobes  of  the  matrix,  carrying  with  them  the  old  cornified 
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rattle  segment  that  surrounds  thcni,  have  been  pushed  Ijack  one  lobe.  At  the 
climax  of  tlie  jjerioci  ol  accretion,  the  two  anterior  lobes  of  the  temporarily  4-lobed 
matrix  do  not  didcr  grcatlv  in  si/c. 

Then  follows  the  pciiod  that  the  authors  designate  as  resorption,  during  which 
the  3  posterior  lobes  shrink  by  having  their  tissues  reabsorbed  into  the  body. 
The  former  distal  lobe  disappears  entirely;  what  was  formerly  the  middle  lobe 
takes  on  the  size  and  shape  of  the  distal  lobe  that  has  disappeared;  and  the  former 
third  lobe  shrinks  into  a  new  second.  Once  more  there  is  a  3-Iobed  matrix,  almost 
exactly  the  same  in  sii^e  and  shaj)e  as  the  one  that  existed  before  the  period  of 
accretion  began.  Tlure  follows  the  keratinizing  process  on  the  surface  of  the 
matrix,  thus  producing  a  new  rattle  segment,  after  which  the  snake  sheds  ancl, 
for  the  fust  time,  the  proximal  lobe  of  the  new  rattle  is  disclosed.  Unfortunately, 
the  X-ray  pictures  do  not  show  the  progress  of  kciatinizaiion,  since  X  rays  fail  to 
differentiate  between  a  keratinized  surface  and  the  connective  tissue  beneath. 

This  description  covers  the  formation  of  a  new  rattle  on  an  adult  snake,  in 
which  successive  s^;ments  are  alike  in  size  and  shape.  In  the  case  of  adolescent 
snakes,  the  resorption  is  not  complete,  so  that  after  each  resorption  the  matrix 
does  not  rettn  n  to  its  original  form,  but,  with  each  (vde,  becomes  longer  and 
lai^r,  likewise  ehanoint^  from  an  orii^inal  sint;le  lobe,  througli  a  2-lof)c,  to  its 
eventual  .'Mobt  lomi.  I'l  luianent  Mobe  niaii  ites  in  some  snakes  are  not  unknown; 
these  nuist  be  Tj-lobed  during  the  accretion  j)eiiod. 

In  my  own  former  description  of  the  shifting  process  (p.  32)  I  attributed  the 
decrease  in  size  of  the  posterior  lobes,  following  the  shift,  in  part  to  desiccation, 
basing  this  opinion  on  the  presence  of  a  jelly-like  material  found  between  the 
shrinking  lobes  of  the  matrix  and  the  rattle  surrounding  them.  Zimmermann 
and  Pope  (p.  392)  consider  this  material  to  be  the  distintegration  products  of  the 
disappearing  stratum  intermedium.  Also,  they  find  (p.  .S72)  no  evidence  (as  I  had 
suggested)  of  a  flow  or  longitudinal  disphu enient  of  soft  tissues  within  the  epi- 
dermal (nvtiiiig  and  the  newh  foiniing  hornv  segment.  Instead,  there  is  a  with- 
drawal shrinkage,  after  the  soft  tissues  of  the  end  body  have  moved  caudad.  It 
seems  to  me  that  such  a  distinction  is  hardly  justified  by  the  terms  used,  for  what 
is  a  withdrawal  (resorjjtion)  if  not  a  longitudinal  displacement  of  soft  tissues? 

There  is  one  other  important  feature  of  the  shift  mechanism  that  Zimmermann 
and  Pope  have  failed  to  clarify,  namely,  the  reappearance  of  any  defect — such 
as  a  deep  crease  or  a  splinter — at  exactly  the  same  polm  on  each  succeeding  lobe 
of  a  rattle  string.  It  was  in  an  endeavor  to  explain  this  ii  ecjucntly  observed  condi- 
tion that  I  evolved  a  wave  theory  of  the  skin  of  the  matrix  to  which  they  object. 
Thev  st;itc  (p.  "~iy)  lliat  "the  ('jjithelial  (ovcriiig  icniains  intact  as  the  living 
stratum  prolundum  on  the  rapidly  shrinking  lobe.  In  contiast,  the  stratum  cor- 
neum  becomes  detached  and  remains  behind  to  constitute  the  new  homy  seg- 
ment of  the  rattle."  It  is  the  stratum  profundum  that  carries  any  defect  repeated 
in  each  corresponding  lobe  of  successive  rattles;  and  the  question  seems  to  me 
still  unanswered  as  to  how  a  defective  point  on.  let  us  say  the  stratum  profundum 
of  the  middle  lobe  of  a  segment,  can  get  to  the  same  point  under  tlie  middle 
lobe  of  the  following  segment  without  at  some  brief  |)eriod  occupying  the  trans- 
veise  hiMow  between  lobes  1'  and  .'i  oi  the  transitional  -Mobe  matrix.  1  his  nio\e- 
ment  I  described  as  a  wa\e  action.  1  his  requirement  needs  further  experiment  and 
clarification. 
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Functionally,  the  close  adherence  of  the  attached  rattle — the  recently  kera- 
tinized stratum  rorrieum — to  the  matrix  durin?^  the  latent  jxriod  is  important, 
since  it  forms  a  pioicctivc  sheath  for  the  matrix  :iiul  the  skin  that  covers  it.  Were 
the  fit  loose,  there  would  be  wear  on  the  matrix  whenever  the  snake  rattled. 

Histology  of  Rattle  Formation 

ZimmeTmann  and  Pope  (1948,  p.  386)  have  made  important  advances  in  the  under- 
standing of  the  qrtology  and  histology  of  rattle  fmrmation;  however,  it  is  regret- 
table  that  their  researches  of  these  phases  of  rattle  development  were  in  large 
part  made  on  the  rattles  of  young  snakes,  and  that  a  discussion  of  the  homology 
of  rattle  formation,  correlated  with  the  formation  and  character  of  the  skin  else- 
where on  the  body  of  the  snake  during  a  shedding  cycle,  was  not  presented.  Tliat 
there  is  such  a  homology,  therefore  proving — were  any  further  proof  deemed 
necessary — that  rattle  formation  is  in  synchronism  with  exuviation,  is  their  con- 
clusion. Their  failure  to  recognize  the  prebutton  somewhat  reduces  the  value 
of  their  discussion  of  the  early  development  of  the  matrix  in  the  button  state 
(p.  376). 

As  is  the  case  with  ordinary  reptilian  skin  formation,  the  lower  layer  of  the 
epidermis,  known  as  the  stratum  granulosum,  differentiates  into  two  primary  layers, 
the  stratum  profundum  and  strotiuji  corneum.  (The  stratum  profundutn  in  turn 
comprises  two  sublayers,  the  stratuiti  basale — or  stratum  gerrnar\itivum — and  the 
Stratum  spinnsum.)  The  stratum  corneum,  as  it  differentiates  from  the  stratum 
profundum,  keratinizes  and  is  ready  to  become  the  exterior  wearing  surface,  after 
vAiich  the  old  sidn  is  shed,  and  the  stratum  intermedium,  which  separates  the 
new  stratum  corneum  from  the  old,  disappears  through  d^;enerative  processes. 
This  degeneration  of  an  intermediate  layer  between  the  new  and  old  corneous 
strata  facilitates  shedding.  Zimmcrniann  and  Pope  show  that,  at  least  in  the  case 
of  the  rattles  of  young  snakes,  the  keratinizing  of  the  strottim  corneum  does  not 
occur  simultaneously  throughout  a  new  rattle  but  begins  at  the  distal  end  and 
progresses  forward,  the  process  being  closely  related  to  the  rattle  shift  occurring 
during  the  final  phase  of  the  resorption  process. 

Zimmermann  and  Pope  find  no  evidence  of  a  change  in  the  size  of  a  rattle  during 
keratinization,  by  reason  of  drying  or  any  other  external  effect;  the  size  and  shape 
of  the  rattle  are  determined  entirely  by  the  shape  of  the  matrix  upon  which  it  is 
molded  (p.  367).  To  future  histological  workers,  it  may  be  suggested  that  parallel 
studies  be  made  of  the  progressive  changes  in  the  stratum  granulosum  of  the  tail 
and  of  the  matrix  to  determine  the  reason  for  the  p^rcat  difference  between  the 
two  corneous  layers,  one  of  which  is  thin  and  flexible  (the  snake's  skin),  the  other 
thick  and  stiff  (the  rattle). 

As  a  matter  of  fact,  the  proximal  or  attached  rattle,  even  after  the  process  of 
kematinization  is  complete,  is  not  exactly  the  same  as  the  older  rattles,  for  it  is 
quite  colorless  and  transparent,  whereas  the  others  are  only  translucent,  and 
vary  in  colcn*  from  straw  to  dark  brown,  depending  on  the  species  of  rattlesnake. 
Whether  this  change  results  from  oxidation  or  abrasion  remains  to  be  determined. 
The  change  takes  place  gradually  during  the  normal  or  latent  period,  and  darkens 
the  anterior  lobe  especially,  for  this  is  more  exposed  than  die  others. 
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The  Shaker  <hi  Style 

The  shaker  or  style,  the  specialized  terminus  of  the  vertebral  column  computing 
coalesced  vertebrae,  is  a  characteristic  and  important  element  of  the  rattle  struc* 
ture.  It  was  first  studied  by  Czermak  (1857,  p.  295),  and  later  by  Garman  (1889, 
p.  173),  who  coiicliKlcd  that  the  terminal  vertebrae  were  distinct  in  embryonic 
rattlers,  coalesced  at  the  button  stage,  but  were  subject  to  further  co-ossification 
and  modification  in  shape  during  the  subsequent  growth  of  the  snake. 

By  far  the  most  important  studies  of  the  shaker  thus  far  made,  were  those  of 
Zimmerniann  and  Pope  (1948,  p.  374).  Equipped  with  the  modern  techniques 
of  X  rays,  and  clearing  and  staining,  they  were  able  to  extend  greatly  the  knowl- 
edge of  the  development  of  the  shaker.  Having  adequate  material,  they  could 
follow  this  development  from  the  embryonic  stage  to  that  of  young  adults,  noting 
the  gradual  dtange  by  the  consolidation  of  the  bony  elements,  including  both 
the  fusion  of  the  previously  separate  terminal  vertebrae  and  the  accretion  of 
extravertebral  bony  elements. 

They  found  that  in  the  massasauga  {S.  catenntus)  the  vertebral  coalescence  takes 
place  postnatally,  while  in  the  two  species  of  Crotalus  that  they  studied,  the 
eastern  .ukI  western  diainondbacks  (C  odnmafitnis  and  C.  atrox),  the  fusion  was 
more  ad\anced  in  late  embryos  than  in  postnatal  catenalus,  a  considerable  coales- 
cence of  8  to  10  vertebrae  having  taken  place  within  the  matrix.  These  differences 
suggest  the  desirability  of  carrying  the  research  into  other  forms  in  the  hope  of 
solving  various  phylogenetic  problems.  5.  miliarius,  C.  durisstu,  C.  triseriatvs, 
C.  pusillus,  C.  pricei,  C.  lepidus,  and  C.  stejnegeri  should  prove  especially  worth- 
while. 

In  the  adult  snakes  the  co-ossification  is  so  complete  that  the  style  is  relatively 
homogeneous.  It  is  shaped  sonicwiiat  like  an  arrowhead,  with  the  proximal  end 
notched  where  it  engages  the  last  uinnodified  vertebra;  however,  the  distal  point 
is  branched  or  doubled  vertically,  one  branch  entering  into  cacii  half  (upper 
and  lower)  of  the  terminal  lobe  of  the  matrix  (figs.  5:16  and  5:17).  By  reason 
of  the  extravertebral  bony  additions,  the  shaker  is  much  wider  (vertically)  than 
the  vertebrae  it  has  replaced,  thus  occupying  much  of  the  central  space  of  the 
matrix,  and  forming  a  heavy  and  rigid  central  core,  which  is  further  stiffened 
by  a  thickening  of  the  upper  and  lower  edges.  There  is  usually  a  slight  depression 
in  th(  sc  edges  corresponding  to  the  groove  between  the  anterior  and  middle 
lobes  of  the  matrix.  The  rigidity  of  the  matrix  is  a  featine  of  importance,  not 
onlv  as  :i  transmitter  oi  the  tail  vibrations  via  the  connective  tissue  to  the  rattle, 
but  also  as  a  lirm  foundation  for  the  periodic  changes  in  tlie  matrix  retjuiied  by 
the  rattle-shifting  process.  Flexibility  in  the  shaker,  and  therefore  in  the  matrix, 
would  lead  to  poor  articulation  between  successive  rattle  segments.  According 
to  Zimmermann  and  Pope,  the  vibratory  muscles  are  inserted  in  the  base  of  the 
shaker:  and  its  point  of  contact  with  the  last  normal  vertebra  is  the  pivot  of  vibra- 
tion. Six  bundles  of  muscles  comprise  the  vibratory  mechanism,  three  on  either 
side. 
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DIMENMONAL  RtLAllONiiHlPb 

Rattle  Dimensional  Variability  and  Segment  Continuity 

Up  to  this  point  1  liavc  dealt  mainly  with  the  iunction  and  strucLuic  oi  the 
rattle,  but  have  supplied  few  data  on  the  dimensional  relations  between  success 
sive  segments,  or  the  correlation  between  rattle  and  body  growth.  The  rattles 
of  the  various  species  of  rattlesnakes  differ  in  these  relationships,  but  before 
discussing  these  species  differences,  which  arc  of  decided  taxonomic  and  {)liyIo- 
genetic  interest,  it  is  necessary,  first,  to  determine  the  general  principles  involved 
in  the  size  relationships  of  the  snccessive  se<:;nicnts  of  a  string,  and  the  variability 
in  the  dimensions  of  the  latikh  ol  a  homogcnccnis  rattlesnake  j)o|)ulation. 

W'c  have,  in  the  rattle,  a  methanism — possibly  uniqne  amonu;  ihc  \cricl>iatcs — ■ 
which,  by  the  entire  separation  ot  successive  elements  from  the  botly,  renders  such 
elements  independent  of  succeeding  bodily  growth,  or  other  changes  except  loss 
or  destruction.  Thus  we  have  a  series  of  chronological  bench  marks,  and  if  we 
can  determine  the  chronology  of  this  separation,  we  may  be  able  to  learn  some- 
thing of  the  rate  of  bodily  growth. 

When  we  consider  the  statistics  of  the  rattle,  there  are  an  embarrassing  number 
of  vaiiablcs  to  untangle.  Not  only  arc  there  the  differences  of  species  and  geo- 
graphical laces,  but  those  of  sex,  rattle  dimensions,  and  rattle-number,  that  is,  its 
serial  number  in  iln  otdci  ol  accjuisiiion  or  jjosition  in  tlie  string  of  rattles.  The 
rattle  dimensions  nui)  involve  length,  width,  breadth,  and  thickness  of  material, 
and  these  may  be  correlated  willi  snake  length.  The  rattle-numbers  may  be 
expressed  in  terms  of  complete  or  broken  strings. 

In  the  selection  of  a  refwesentative  dimension  of  each  segment,  with  which 
other  variables  might  be  correlated,  it  was  found  that  the  dorsoventral  width — 
that  iSp  the  maximum  dimension  across  the  visible,  or  aniei  ior  lobe — constituted 
the  measurement  most  easily  and  arruratcly  determined,  and,  when  (omparisons 
were  to  be  nuule,  this  has  been  taken  as  the  i)asic  measurement  lepit  senting  each 
segment.  As  a  rattle  segment  is  asynnnetrical,  the  axis  acrovs  which  the  width  is 
measured  is  not  exactly  perpendicular  to  the  longitudinal  axis  oi  the  string,  but 
tilts  slightly  fturward  above  (fig.  5:2). 

The  rattle-number  is  taken  as  the  position  of  each  segment  in  the  sequence, 
the  first  permanent  rattle  (the  button)  being  considered  as  No.  I,  the  next  anterior 
rattle  as  No.  2,  etc.  .At  once  we  are  confronted  with  the  problem  of  whether  it  is 
possible  to  determine  the  position  of  a  segment  in  the  sequence,  and  therefore 
its  rattle-number,  if  the  button — with  or  without  one  or  more  of  the  surceedinjr 
terminal  rattles — is  nnssiiig.  It  has  been  foinid  that  one  cannot  place  with  cer- 
tainty the  j)osition  of  a  broken  string  by  measiuing  the  width  of  the  several 
rattles,  and  comparing  these  measurements  with  those  of  known  complete  strings, 
since  there  is  some  overlap  in  dimensions.  To  be  specific,  even  in  a  single  species 
from  a  limited  territory,  there  will  be  found,  on  some  specimens.  No.  5  rattles 
that  are  larger  than  the  No.  6  rattles  on  others;  and  other  No.  5's  smaller  than 
the  largest  No.  4  rattles  of  some  other  snakes.  However,  in  the  case  of  almost- 
complete  strings,  wherein  only  the  button  or,  at  most,  2  or  3  rattles  are  missing, 
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one  can  judge  with  considci ahk-  acruiiuA  the  position  of  the  remaining  rings 
in  the  orii^inal  romj)lcte  scqiierKe,  boili  I)y  reason  of  tlie  eonfigm ation  of  the 
incomplete  terminus,  aiui  I)ctause  the  rapiiily  increasing  sizes  of  tlie  earlier  rattles 
produce  less  overlap  in  the  dispersion  of  dimensions."  liut  even  in  tiiis  case  accuracy 
cannot  be  always  assured,  for  occasionally  a  string  is  found  that  seems  to  contain 
an  extra  segment;  that  is,  a  s^;ment  involving  no  growth,  yet  inserted  at  a  point 
in  the  strii^  where  a  decided  increment  would  be  expected.  When  this  occurs, 
the  dimensional  {x^sitions  of  all  the  succeeding  segments  deviate  from  the  normal. 

When  the  string  begins  to  approach  parallelism,  or  uniformity  in  the  sizes  of 
siicrcssive  segments,  which  occurs  when  the  adult  stage  is  reached,  the  determi- 
nation <»[  the  sequence  is  quite  impossible,  since  the  dimensional  differences  oi 
successive  rings  are  small,  and  there  are  random  fluctuations  in  si/e,  rather  than 
orderly  growth.  For  these  reasons,  in  the  observations  that  follow,  where  the  rattle- 
number  is  used  as  indicating  the  position  of  a  segment  in  the  sequence,  it  is  to  be 
understood  that  an  unbroken  string  was  available,  except  for  a  few  specimens 
wherein  only  the  button  was  missing.  The  latter  condition  can  usually  be  diag- 
nosed  with  certainty  by  the  shape  of  the  string  and  the  configuration  of  the 
exposed  end  of  the  No.  2  rattle.  In  tlie  case  of  one  snbsjiecies,  tlie  San  Lucan 
diamond  (C.  r.  luai.scti.sis),  with  unusually  favoraljle  niateiial  available,  broken 
stiings  were  diagnosed  so  as  to  (arry  the  growth-trend  statistics  to  longer  strings 
than  is  possible  solely  by  tlic  use  of  unbroken  strings. 

To  simplify  the  discussions  that  follow,  I  shall  use  the  letter  W  to  designate 
the  dorsoventral  width  of  any  segment  (fig.  5:2),  N  the  rattle*number  (known 
only  in  a  complete  string),  and  L  the  length  over-all  (snout  to  proximal  edge  of 
tlie  basal  rattle  segment)  of  the  snake. 

Before  attempting  to  interpret  the  statistics  of  rattle  differences,  we  must  first 
be  assured  that  the  lesults  are  not  affected  bv  certain  conditions  inherent  in  the 
method  of  making  tlie  measurements.  SiiKe  most  of  the  measurements  were  made 
on  alcohol-jjieserved  specimens,  it  is  necessary  to  determine  whether  the  dimen- 
sions are  affected  by  this  method  of  preservation.  S{>ecimen$  totaling  74  strings 
were  calipered  before  and  after  preservation  and  a  minor  expansion  resulting 
from  the  preservation  process  was  noted,  the  average  change  being  an  increase 
of  0.78  per  cent.  This  error  is  below  those  to  be  expected  from  other  sources,  in 
the  measurement  of  so  irregular  and  flexible  an  object,  and  it  is  therefore  dis- 
regarded. 

Next  we  must  determine  whether  there  is  a  consj)icuous  ilillerence  in  si/e  be- 
tween aitadud  ami  cast  rallies  of  the  same  se(|uemc  number.  In  othei  woids, 
is  the  fifth  rank  larger  or  smaller  when  it  has  been  cast  Iree,  than  it  was  when 
Still  surrounding  the  matrix?  Such  a  difference  between  proximal  and  cast  rings 
of  the  same  rattle-number  might  be  the  result  of  any  of  three  causes:  (I)  Growth 
in  the  rattle  between  the  time  it  is  first  bared  and  the  time  it  is  cast  loose;  (2) 
an  internal  pressure  of  the  matrix  u|)on  which  the  attached  rattle  rests,  causing 
it  to  be  stretched  beyond  its  final  dimensions,  or  an  internal  adherence  pro- 
ducing a  contrary  effect;  (3)  a  shrinkage  (or  expansion)  resulting  from  the  pre- 
servative's having  aliccted  the  attached  rattles  to  a  more  important  degree  than 
those  alicady  cast  olf. 

"This  assumes  the  u\ailabilil).  loi  totnparalive  purposes,  ut  adequate  luuiibei^  ul  complete 
stringi  tram  the  same  aubapecies  and  from  the  same  area. 
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These  possible  effects  of  casting  a  rattle  free  can  be  investigated  only  in  a 
large  and  homogeneous  group.  For  this,  the  Plattcvillc  scries  of  prairie  rattlers 
(C.  V.  viridis)  was  particularly  suitable,  as  it  coiiiains  no  less  than  152  specimens 
with  complete  strings,  and  in  these  the  dimensions  and  rattle-number  of  1,438 
rings  could  be  determined.  In  order  to  eliminate  any  possible  effects  of  sexual 
dimorphism,  the  sexes  were  segregated.  Comparisons  were  made,  for  each  rattle* 
number,  of  the  average  dimensions  of  the  attached  and  cast  rattles.  Out  of  14 
groups  (rattle-numbers  1  to  7  for  each  sex),  it  was  found  that  in  8  groups  the 
attached  rattles  averaged  larger  than  tlie  cast,  while  in  6  the  contrary  was  true. 
The  differences  were  small  and  followed  no  particular  order.  It  was  therefore 
concluded  that  the  attached  rattle  has  the  same  dimension  as  it  will  ultimately 
have  when  liced  from  the  matrix. 

One  precaution,  however,  particularly  applicable  to  laboratory  sjKximens, 
should  be  mentioned.  In  some,  just  about  to  shed  when  preserved,  a  patchy  or 
partly  shed  skin  may  be  encountered,  and  when  this  is  stripped  from  the  speci- 
men an  additional  rattle  in  the  jMPOcess  of  keratinization  will  be  bared.  This  is 
likely  to  be  shrunken  and  immature,  and  should  be  neglected  in  the  accumula- 
tion of  rattle  statistics.  Also,  in  captive  specimens,  segments  acquired  subsequent 
to  captivity,  particularly  if  the  snake  has  failed  to  eat,  may  be  smaller  than  those 
that  had  previously  been  acquired  in  the  wild,  and  should  be  disregarded.  Even 
when  the  captives  feed  regulai  ly,  their  strings  sometimes  differ  considerably  from 
the  normal  strings  found  in  wild  snakes.  This  can  be  most  easily  verified  wlien 
they  have  complete  strings,  so  that  their  W-to-N  relationships  may  be  compared 
with  thc»e  of  wild  snakes.  Usually  these  captives  have  a  greater  number  of  rattles 
in  the  taper  stage,  as  if  the  sheddings  had  been  more  frequent,  relative  to  body 
growth,  than  is  the  case  in  the  wild.  This  was  quite  evident,  for  example,  in  the 

previously  mentioned  captive-bred  atrox  raised  by  the  late  Mrs.  Grace  Olive 
Wiley  at  the  Brookfield  Zoo,  in  which  the  rattles  somewhat  resembled  the  grad- 
u.illy  tapering  strings  pictured  by  the  early  natural-history  writers.  Other  strins^s, 
snnilarly  aberrant,  in  which  each  segment  (except  the  button)  was  considerably 
smaller  than  the  correspondingly  numbered  segment  of  the  strings  of  wild  lattlcrs, 
have  been  observed  in  captive  specimens  <rf  viridis  and  helleri.  Althoi^h  these 
deviations  from  the  normal  are  not  universal,  for  some  captive-raised  snakes 
follow  the  wild  trend  quite  closely,  yet  it  is  important  not  to  place  too  much 
confidence  in  the  reliability  of  data  secnired  from  the  rattle  dimensions  of  captive- 
raised  snakes. 

1  lie  fust  relationship  that  must  be  surveyed  before  the  importance  of  species 
diflercnccs  can  be  ascertained,  is  the  consistency  of  rattle  widths  within  homo- 
geneous populations;  for,  obviously,  if  the  rattle  widths  are  highly  variable  and 
erratic  within  a  group  of  snakes  of  one  subspecies  from  a  single  area,  species  dif- 
ferences would  be  of  doubtful  importance. 

A  remarkable  uniformity  of  the  segment  sizes  has  been  found  to  exist  within 
homo^neous  populations.  In  a  work  of  as  wide  a  scope  as  this,  it  is  necessary  to 
condense  statistical  data,  and  I  shall  therefore  merely  summarize  some  of  the 
conclusions  regarding  unifornn'ty.  The  fust  investigation  was  devoted  to  the  large 
homogeneous  scries  that  have  lurnished  the  basic  data  for  my  other  statistical 
studies,  including  the  Cape  series  of  lucasensis,  San  Diego  County  ruber,  Pierre 
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I     and  Plattcville  xnridis,  Paleros  oreganus,  and  San  Diego  County  helleri.  Neces- 
I     sarily,  as  tlic  rattle-number  of  each  segment  had  to  be  known,  calculations  were 
restricted  to  c()ni])letc  strings.  Of  these  there  were  3,172,  comprising  10,468  meas- 
ured segments.  Many  snakes  were  young-of-ihe-ycar,  thus  reducing  the  average 
number  of  segments  per  string. 

With  the  sexes  segregated — ^for  some  sexual  dimorphism  is  apparent — ^the  coef- 
ficient of  variation  in  the  width  of  the  same  segment  in  the  several  strings  was 
found  to  range  between  4  and  IVi  per  cent  in  most  subspecies.  Groups  from 
areas  of  considerable  ecological  diversity — San  Diqpo  County  helleri,  particu- 
larly— had  higher  dispersions  than  those  from  more  uniform  localities.  The  dis- 
persion of  width  in  latilc  No.  1  (the  button)  was  usually  about  1  |)er  rent  less 
than  the  dispersion  in  succeeding  rattles,  as  if  the  exigencies  of  food  supply  and 
other  conditions  allecting  the  growing  snakes  had  nilluented  the  succeeding  rattle 
sizes,  especially  during  the  period  of  most  rapid  growth,  that  is,  in  rattles  Nob. 
2  to  5. 

The  average  variability  of  all  the  males  (56  groups  of  segments,  separately 
calculated)  was  found  to  be  6.10  per  cent,  and  of  the  females  6.15  per  cent.  In 
order  to  visualize  what  these  statistics  mean,  let  us  assume  that  the  third  segment 

of  the  rattle  of  male  led  diamonds  averages  10  mm.  in  width.  Then,  with  a  coef- 
ficient of  \ariability  (the  standard  de\  iation  divided  by  the  mean)  of  6.1  per  cent, 
the  widths  of  half  the  \o.  3  rattles  should  fall  between  9.6  and  10.1  nun.,  and 
90  per  cent  of  all  the  snakes  would  have  No.  3  rattles  measuring  not  less  than 
9.0  mm.  nor  mote,  than  11.0  mm.  Thus  we  see  the  considerable  degree  of  con- 
sistency that  is  indicated  by  so  low  a  coefficient  of  variation.  The  cturve  of  disper- 
sion was  foimd  to  be  substantially  normal,  although  extreme  deviants  on  the  low 
side  of  the  mean  were  more  frequent  than  on  the  high.  An  example  of  the  disper- 
sion is  given  in  table  setting  forth  the  measurements  of  the  buttons  of  the 
Platteville  scries  of  the  prairie  rattlesnake  (C  j'.  xnridis). 

The  t^ucstion  naturally  arises  as  to  what  part  of  the  dispersion  in  the  width 
of  any  rattle  is  due  to  variations  of  snake  si/c.  This  can  best  be  investigated  by 
consideration  o£  the  button,  for,  in  this  rattle,  conditions  that  affect  the  chronology 
of  shedding,  whidi  may  involve  factors  other  than  mere  size,  have  not  yet  become 
operative.  The  single-rattle  young  of  the  San  Patricio  series  of  western  diamond 
rattlers  (C.  atrox),  71  males  and  63  females,  were  investigated  and  it  was  found 
that  the  males  had  a  coefficient  of  variation  of  5.67  per  cent,  compared  with  a 
standard  error  of  estimate  of  3. IS  per  rent,  the  corresponding  figures  for  the 
females  were  5.31  and  1.83  ])er  cent.  I  lie  standard  error  of  estimate  should  indi- 
cate the  part  of  the  rattle-width  dispersion  ncjt  attribiUable  to  the  differences 
ui  the  lengths  of  the  young  snakes,  although  this  is  not  wholly  true,  as  these  young 
snakes  were  not  |Mreserved  immediately  after  shedding  the  prebutton;  thus  they 
experienced  some  growth  while  the  rattle  widths  remained  constant.  But  the  fact 
that  there  is  s<mie  correlation — ^males,  r=55  per  cent;  females,  r  =  48  per  coat — 
between  body  length  and  rattle  size  in  these  recently  born  young,  indicates  that 
individual  size  does  affect  rattle  si/e  slightly,  a  condition  certainly  to  be  expected. 
It  should  be  pointed  out  that  a  much  higher  correlation  was  found  to  exist  in 
specimens  of  the  same  species  from  diverse  ecological  niches,  but  in  such  a  case 
the  population  is  nonhomogeneous  and  therefore  the  result  is  of  no  interest  in 
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(onncrlion  with  the  particuhii  pioblcni  at  haiul.  iianuly.  the  comlalion  iKtuten 
the  length  of  young  snakes  and  tlie  uidtlis  of  their  buttons  in  homogeneous  popu- 
lations*  Ecological  conditions  undoubtedly  affect  both  body  and  rattle  sizes,  as 
will  be  shown  in  the  discussion  of  species  differences. 

I  have  mentioned  the  fact  that,  although  the  dispersion  follows  the  normal 
probability  curve,  deviants  from  the  segment-width  mode  are  of  occasional  occur- 
rence; they  are  of  relatively  greater  frequency  in  the  later  than  the  early  rattles, 

TABLE  5:4 

WiOTBS  or  Rattub  No.  1  of  the  PLATiBvaus  Sbhibs  or  C.  v.  vindia 


]UHl«  width  In  tenths  of  »  nun. 


Nambsr  of  Miakea 


45  

46  

47  

48  

49  

50  

51 

52  

58  

54  

55  

56  

57  

58  

69  

60  

61  

62  

68  

M  

65  

Total 


and  are  more  likely  to  be  below  the  mode  than  above.  It  is  as  if  an  extra  shedding 
had  been  introduced,  affecting  some  strings,  and  thus  distorting  the  W-N  rela- 
tionship of  all  subsequent  segments.  In  a  previous  publication  (Klauber,  1945, 
p.  76)  it  has  been  shown  that  there  is  a  correlation  between  successive  rattle  seg- 
ments; snakes  with  some  S^ments  larger  or  smaller  than  normal  size  are  likely 
to  have  others  in  the  same  category'.  The  correlation  Ix  tween  the  button  and  rattle 
No.  2.  was,  however,  found  to  be  lower  than  thai  exisiini^  between  subsccjucnt 
pairs  of  adjacent  set;iiu  nls.  In  < oiu  lusion.  it  should  be  said  that,  when  (oiiijiari- 
sons  are  made  between  species,  too  much  weight  should  not  be  given  to  the  occa- 
sional string  that  deviates  from  the  mode. 

The  second  major  problem  of  variability  has  to  do  with  sexual  dimorphism. 
It  might  logically  be  assumed  that,  as  the  males  have  thicker  tails  than  the  females 
of  the  same  body  size,  the  rattles,  which  are  formed  on  the  matrix  terminating 
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the  tail,  should  likewise  be  larger.  This  point  was  investigated  by  a  tabulation 
of  the  average  rattle  width  separately  for  each  sex,  in  those  species  having  sufficient 
measurements  available  from  a  limited  geographicil  group  to  constitute  what 
might  be  considered  a  reliable  average  lor  that  group.  .Altogether,  there  were 
available  for  this  part  of  the  study,  10,711  measured  segments  from  3,161  snakes 
having  complete  strings. 

The  results  indicate  a  slightly  greater  size  of  the  rattles  of  the  females,  as  com- 
pared to  those  of  the  males,  in  rattles  Nmnbers  1  to  3  or  4  inclusive,  the  average 
dimensional  difference  being  usually  less  than  2  per  ( (  nt.  This  may  be  accounted 
for  by  the  shorter  and  less-ta|x>ring  tails  of  the  feniaUs.  However,  in  oregnnus, 
hellcri,  and  fntrrorcpens  the  yovnig  males  have  a  slight  dimensional  su])eriority 
of  the  same  magnitutlc.  that  is,  2  per  cent  or  less.  In  general,  it  (an  be  said  that,  at 
least  uj)  to  the  lourtli  rattle,  and  in  some  species  up  to  the  sixth  or  seventh,  sexual 
dimorphism  is  of  relatively  minor  importance.  Beyond  this,  as  the  snakes  become 
fully  adult,  the  greater  size  and  the  adult  thickening  of  the  tails  of  the  males 
become  more  fully  effective,  and  a  difference  becomes  evident,  the  male  superiority 
in  rattle  width  reaching  5  per  cent  or  more,  at  the  tenth  rattle  or  beyond.  These 
average  differences  in  the  larger  rattles  usually  cannot  be  determined  with  accuracy, 
since  so  few  snakes  retain  complete  strings  of  more  than  10  rattles.  The  compara- 
tive increase  in  the  m:\\v  lattle  widths  is  evident  earlier  in  orci^anus  and  licllrri 
than  in  the  other  subspecies,  becoming  material  at  the  fifth  rattle,  and  this  may 
also  be  true  of  some  of  the  smaller  rattlesnake  species. 

If  a  curve  be  drawn,  for  either  sex  of  any  homogeneous  series  of  rattlesnakes, 
plotting  the  segment  numbers  as  abscissas  and  rattle  widths  as  ordinates,  it  will 
be  found  that  the  first  few  points — usually  the  first  4,  but  sometimes  up  to  the 
first  6 — fall  almost  exactly  on  a  straight  line.  This  means  that  there  is  a  constant 
increase  in  width  of  ea(  h  segment  over  its  predecessor.  The  relationship  is  not 
exact,  but  wluie  large  numbers  of  sjxcimens  are  available  for  validating  aver- 
ages, the  regression  closely  a|)proiu  iies  linearity.  I  he  second  rattle  is  ihc  one  most 
frequently  out  of  line,  yet  its  deviation  is  not  always  in  the  same  direction;  in 
my  7  largest  series  it  averaged  slightly  below  expectation  in  4  instances,  and  above 
in  3. 

After  the  first  3  to  5  rattles,  or  6  at  most,  the  increments  between  successive 
widths  decline  materially,  a  decline  that  persists  until  finally  there  is  no  further 

increase  in  the  widths  of  successive  segments,  and  the  rattle  reaches  the  stage  of 
virtual  uniformity — a  parallel  rattle,  as  it  may  be  termed. 

This  type  of  relationship — a  straight  line,  ft)llowe(l  b\  a  ilrooping  lurve — is 
found  to  be  characteristic  of  all  rattlesnakes.  1  he  straight  line,  or  constant  int  re- 
mcnt,  represents  the  period  of  rapid  adolescent  growth;  it  seems  to  terminate 
somewhat  earlier — that  is,  at  a  lower  rattle>number — ^in  dwarfed  subspecies  such 
as  island  forms.  It  indicates,  in  a  general  way,  that  skin  changes  during  this  period 
are  functions  of  size,  that  is,  shedding  takes  place  whenever  the  size  increment  has 
attained  an  appropriate  figure,  r^ardless  of  the  time  element,  which  latter  is 
naturally  affec  ted  by  such  conditions  as  hibernation  and  luck  in  securing  food. 
It  should  be  ()l)ser\eci  that  a  constant  incremeiu  in  measurement — say  in  milli- 
meters— really  rejjresents  a  declining  increment  in  terms  of  jji ojjoriion  of  latile 
size;  for  example,  an  increment  of  1.5  mm.  between  a  button  measuring  5.0  mm. 
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and  a  No.  2  rattle  6.5  mm.  in  width,  obviously  represents  a  larger  relative  growth 
than  a  similar  1.5  mm.  increment  between  rattles  4  and  5  measuring,  respectively, 
9.5  and  II.O  mm.  This  relationship  is  made  clear  in  the  following  tabulation  o£ 
the  average  percentage  o£  growth  of  the  successive  segments  of  male  red  diamond 
(C.  r.  ruber)  rattles: 


InewaeDtal  growth  between  aecmeats 


ItoS 

Sto8 

3to4 

4to5 

5  to  6 

«to7 

7to8 

Per  cent  of  button  u  iiltli  

15 

16 

16 

15 

11 

t 

Per  cent  of  width  of  first  segment  of  each  pair. 

15 

14 

12 

10 

7 

4 

3 

This  declining  proportional  increment  between  widths  of  successive  segments 

(particularly  beyond  the  adolescent  period)  has  an  important  adverse  bearing  on 
the  possibility  of  accurately  determining  the  rattle-number  of  the  remaining  seg- 
ments of  a  broken  string.  As  I  have  stated,  this  can  be  done  with  consid(  raV)le 
accuracy  if  only  the  button  is  missing,  or,  at  most,  rattle  Xo.  2  and  the  button. 
If  only  these  are  gone,  one  with  experience  can  judge,  by  the  shape  of  the  distal 
rattle,  how  many  that  preceded  it  have  been  broken  away  and  lost.  And  the  meas- 
urements of  the  remaining  segments  will  also  be  useful  in  allocating  them,  if  they 
represent  the  straight-line  period  of  rapid  growth.  But  the  proportion  of  segments 
that  can  be  correctly  placed  declines  rapidly  beyond  segment  No.  2,  since  the  incre- 
ment between  segment  averages  remains  o>nstant  or  declines,  while  the  dispersion 
of  the  segment  measurements  tends  to  spread.  It  is  easy  to  test  this,  as  a  practical 
matter,  by  cxj^erimcnting  with  complete  strings,  disregarding  the  terminal  2  or  3 
rattles  as  if  thcv  liad  been  lost,  anfl  then  ti-)'ing  to  allocate  the  othcis  by  dimen- 
sions only.  Ur,  m  a  large  series,  one  may  observe  the  number  of  No.  6  rattles  falling 
within  the  normal  range  of  Nos.  5  or  7.  These  ranges  may  be  determined,  either  by 
tabulation  of  the  frequencies  of  widths  for  successive  segments,  or  by  calculation.^ 
An  investigation  of  the  Platteville  series  of  prairie  rattlesnakes  (C  v.  viridis) 
showed  a  rapidly  declining  proportion  of  segments  that  could  be  properly  allo- 
cated by  witlth  alone.  The  results  were  as  follows,  the  first  figure  indicating  the 
number  of  the  segment  imder  consideration,  while  the  second,  in  parentheses, 
shows  the  percentage  that  would  be  |)ropcrly  allocated:  2(91.2),  3(85.7),  1(59.(1), 
5(51.6),  6(37.8),  and  7(30.8).  It  will  be  seen  how  rapidly  the  chance  of  an  accurate 
allocation  declines,  and  how  useless  it  is  to  try  to  guess  how  many  segments  arc 
missing,  when  it  is  evident  from  the  shape  of  the  rattle  that  more  than  2  or  3  are 
gone.  And  this,  of  course,  presupposes  the  prior  availability  of  large  numbers  of 
complete  strings  from  the  same  subspecies  of  snake  and  from  the  same  area,  in  order 
that  the  mean  and  dispersion  of  the  successive  rattle  widths  may  have  been  estab- 
lished. Without  su(h  data  the  quest  is  hopeless,  unless  dependence  be  placed 
entirely  on  the  shape  of  the  oldest  remaining  segment,  and  this  requires  experi- 
ence for  a  decision.  cainiot  agree  with  Bos(  (1803.  vol.  6,  [>.  551;  Griffith  and 
Pidgeon,  1831,  p.  33G),  who  thought  the  increase  in  tlie  sizes  of  successive  segments 
to  be  so  regular  that  one  could  always  tell,  by  calculation,  how  many  were  missing. 

"  The  toriiuila  for  this  equal  probability  division  between  successive  scgnicius  is  P=(A/ifl^i  + 
Mi<r,)/(<r,  +  (Tj),  where  Af  and  9  represent  the  means  and  standard  deviations  of  the  widths  of  the 
successive  segments. 
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In  a  special  study  of  the  Cape  scries  of  huasrnsis,  I  was  able  lo  allocate  rattle 
strings  with  considerable  accuracy  with  as  many  as  3  or  1  sct^incnts  missing.  This 
is  a  subspecies  ( haractcri/ed  by  large  rattles  and  large  incrtniciits  in  width  up  to 
the  sixtli  segment.  Good  scries  of  complete  strings,  together  with  a  number  of 
broken  strings  in  the  taper  stage,  enabled  me  to  place  the  latter  with  considerable 
assurance,  so  that  I  was  able  to  build  up  hypothetical  rattle  strings  and  establish 
the  average  W-N  and  Lr-N  relationships  up  to  rattle  No.  14,  and  even  beyond 
(table  5:5;  see  also  figs.  5: 18  and  5: 19). 


TABLE  5:5 

Wroim  or  Suocesbivb  Ratiubb  nr  San  Lvcan  Diamondbacks— Aiao  Boot  Lengths 

Over-All  at  Acquisition  of  E.\ch  Rattle 


Rattle 
number 

Avenoe 
imttteiridtb 

AvctacB  body  irowth  while  each  rattle 
is  the  proaiiMl  mttle 

Incroniont 
in  ruttlr  wicith 
(ivcr 
prior  rallle 

Bod>';  growth 

prior  to 
acciui.iitiun  of 
next  rattle 

MalM 

Females 

Males 

Females 

.Males 

Females 

Halei 

Famaks 

1... 

7.50 

7.76 

328-  436 

333-  441 

.... 

.... 

108 

108 

2 

9.19 

9  37 

436-  536 

441-  538 

1.63 

1  61 

100 

97 

3  . 

10  72 

10  84 

hm-  621 

538-  625 

1.53 

1.47 

85 

87 

4.... 

12.06 

12.25 

621-  715 

625-  721 

1.34 

1.41 

94 

96 

5..., 

13.37 

13.58 

715-  822 

721-  819 

1.31 

1.33 

107 

98 

6 

14  58 

14  60 

S22  915 

810-  S95 

1.21 

1  02 

93 

76 

7.... 

15.37 

16.02 

915-  975 

895-  933 

0.79 

0.42 

60 

38 

8.... 

15.87 

15.30 

975-1,017 

938-  955 

0.50 

0.28 

42 

22 

9  ... 

16.22 

15.45 

1.017-1,046 

955-  970 

0.35 

0.15 

29 

15 

10. . . . 

16  48 

15.57 

l,046-l,0fi<) 

970-  981 

0  26 

0  12 

23 

11 

11.... 

16.70 

15.65 

1,069-1,089 

981-  989 

0.22 

0.08 

20 

8 

12. . . . 

16.88 

15.71 

1,069-1,105 

989-  995 

0.18 

0.06 

16 

6 

13 

17  02 

15  76 

1.105-1.117 

995-1,000 

0  14 

0  05 

12 

5 

14 

17.10 

15.80 

1.117-1.127 

1,000-1,004 

0  08 

0  04 

10 

4 

Note.— All  dimwiriont  in  millimeters;  larger  rattlee  were  eomputed  from  studiee  of  incomplete  atrina*. 


Just  where  the  increment  between  successive  rattle  segments  falls  to  zero  and 
the  string  becomes  parallel,  I  do  not  know;  the  investigation  of  the  lucasensis 
series  indicates  that  it  falls  practically  to  zero  at  segment  15  in  the  females  aiKl  a 
little  later  in  the  males,  possibly  at  18.  This  is  closely  connected  with  the  jn-oblem 
of  whether  adult  snakes  grow  continuoudy*  although  more  and  more  slowly,  all 
their  lives.  Studies  of  captives,  to  whatever  ext(  tu  such  studies  may  be  considered 
valid,  indicate  that  they  do  not  grow  until  death.  At  any  rate,  an  investigation 
of  long  broken  strings  on  wild  rattlers  shows  clearly  that  the  rattle-width  increment 
eventually  does  fall  to  zero;  and  long  before  this  hapjxns  the  increment  is  com- 
pletely masked  by  fluctuations  in  width,  up  to  o  per  cent  on  cither  side  of  the 
mean.  I  have  looked  tor  regular  cydes  in  these  long  parallel  strings,  hoping  that 
some  r^latity  mig^t  coincide  with  a  certain  season  of  each  year— an  especially 
large  rattle  acquired  in  spring,  for  example— but  I  have  ^led  to  discover  any. 
As  one  notes  the  fluctuations  of  segment  size  in  such  wild  rattlers  as  come  in  with 
long  parallel  strings — fluctuations,  not  only  in  the  width  M'  that  has  been  the 
basis  of  this  discussion,  but  in  other  dimensions  as  well — one  cannot  but  spe  culate 
as  to  what  conditions  of  food  supply,  hibernation,  forest  fires,  illness,  and  the 


Copyrighted  material 


312       The  Rattle 


otlicT  events  in  the  life  of  the  creature  may  have  so  affected  the  tliinensions  of  the 
rattle  matrix,  and  therefore  of  the  rattle  formed  on  it.  In  adult  captive  specimens, 
reductions  in  rattle  si/e  after  captivity  are  often  \ery  noticeable,  amounting  in 
some  cases  to  10  j)er  cent;  and  one  may  presume  that  the  misfortunes  of  old  age 
must  cause  similar  reductions  in  the  wild. 

Before  concluding  the  discussion  of  rattle  width,  we  should  make  mention  of 
the  prebutton,  the  rattle  with  which  every  young  snake  is  bom,  but  which,  unlike 
the  true  button,  is  shed  and  lost  with  the  youi^  snake's  first  change  of  skin  a  week 
or  so  after  birth.  If  the  prebutton  is  to  be  conserved,  the  young  snakes  must  be 
preserved  within  this  short  interval.  For  this  reason,  ahnost  no  wild  snakes  with 
j)rcbutt()ns  are  available  in  preserved  collections,  and  we  are  dejiendent  for  data 
on  capti\c-horn  young,  which  are  not  always  normal.  Mcasiuenu-nts  derived  Iroin 
unborn  embryos  nuist  be  avoided,  and  the  specimen  catalogues  do  not  always  state 
whether  the  young  were  born  alive.  The  most  authoritative  data  I  have  on  pre- 
buttons  represent  the  measurements  of  the  prebuttons  of  7S  young  prairie  rattlers 
(C.  V.  viridis)  from  Montana,  whose  mothers  were  captured  only  a  short  time  before 
the  young  were  bom.  The  average  prebutton  width  was  4.69  mm.  The  average  of 
68  Montana  buttons  was  5.25  mm.,  and.  of  59  No.  2  rattles,  6.36  mm.  Thus,  the 
increment  between  the  prebutton  and  the  button  was  0.56  mm.,  compared  with 
1.11  mm.  between  the  next  two  segments  (the  increment  between  Xos.  2  and  3  was 
!.()()  mm.),  and  it  is  c\ident  that  the  prebutton  docs  not  fall  on  the  straight  line 
that  ( haracterizes  the  dimensional  relationship  of  the  succeeding  3  to  5  rattles  of 
all  species. 

In  a  brood  of  11  San  Diego  County  C.  v.  helleri,  bom  a  few  days  after  the 
mother  was  captured,  the  prebuttons  varied  in  width  from  5.4  to  6.1  mm.,  with 
a  mean  of  5.72  mm.  In  a  laxge  series  of  helUri  from  the  same  area,  the  average 

widths  were:  button,  6.7S  mm.;  No.  2  rattle,  8.18  mm.;  No.  ^  rattle,  9. HO  mm. 
Thus  we  find  the  increments  in  width  to  be:  prebutton  to  button,  1.01  mm.:  button 
to  No.  2  rattle  1.13  mm.;  No.  2  to  No.  ?>  rattle.  1.51  mm.;  and  again  wc  note, 
as  in  the  Moiuaiia  series,  that  the  prebutton  is  larger  than  expected,  if  it  were 
presumed  to  fall  on  the  regression  line  representing  the  widths  of  the  succeeding 
rattles. 

As  previously  stated,  there  are  three  variables  whose  interrelations  may  be  inves- 
tigated in  connection  with  rattle  dimensions;  these  are  segment  width  (W)^  the 

serial  number  of  the  segment  in  the  string  (.V),  which  is  known  with  certainty 
only  if  the  string  is  complete,  and  the  length  of  the  snake  over-all  (L).  The  W-N 
relationship  has  alrcadv  been  discussed  rather  fidly;  I  shall  now  mention  the 
N-L  and  W-L  correlations,  but  shall  do  little  more  than  summarize  the  conclu- 
sions reached  in  an  tmpublished  study. 

The  iV-L  relationship  is,  like  the  W-N,  available  only  when  the  string  is  com- 
plete, and  hence  only  a  limited  pi  oportion  of  the  snakes  in  a  collection  supply 
pertinent  data.  Theoretically,  the  curve  is  not  a  smooth  one,  but  comprises  a  series 
of  steps  (fig.  5:19),  for  N  remains  constant  between  sheddings,  while  L  increases 
continuously  as  the  snake  grows.  Thus,  a  true  N-L  curve  would  be  a  series  of 
alternating  horizontal  and  vertical  lines  between  two  curves,  one  of  which  would 
represent  the  A'-L  relationship  just  prior  to  each  shedding,  the  other  immediately 
after,  when  the  next  rattle  had  been  exposed.  These  true  curves  cannot  be  deter- 
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Fig.  5:18.  Relationship  between  any  segment  number  and  ihe  width  of  its 
anterior  lol>e  in  typical  rattle-strinip  of  the  San  Lucan  diamondback  (C.  r. 

lucusensis). 
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Fig.  5:19.  Relationship  between  a  segment  number  and  the  over-all  length 

of  the  ranlcsnakr,  uhcn  that  segment  is  tlic  |)r<>\iiiial  one,  in  typical  rattle- 
strings  of  the  San  Lucau  diamondback  (C.  i.  imaitiisis) 
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mined  with  accuracy,  but  a  sliulv  of  a  large  nunilx  r  ot  spci  inictis.  whic  h  will 
give  the  average  L  between  each  pair  ol  sheddiiigs,  may  be  take  n  as  indicating 
the  average  N-L  relationship,  a  correlation  already  uieriiioned  under  growth  (p. 
301).  The  following  additional  points  summarize  the  conclusions  respecting  the 
N-L  curve:  For  any  given  rattle  number,  there  is  practically  no  sexual  difference 
in  the  average  body  length  when  the  snakes  are  young;  that  is»  up  to  rattle  No. 
6  or  7.  Beyond  this  the  males  have  longer  Ijodies  for  any  rattle  number,  reach* 
ing  10  per  cent  longer  at  the  eighth  rattle  or  bc;M)nd.  1  his  adult  difference  may  be 
interpreted  in  one  o£  two  ways:  either  the  females  shed  more  frequently,  or  the 
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Fig.  5:20.  Relationship  h(  t\sr(  n  the  o\rr  all  length  of  the  ratilcsnakc  and  the  width  of  anterior 
lobe  of  its  proximal  raltlc  in  typical  raiik-  slrings  of  the  San  Lucan  dianiondback  (C.  r.  lucascusis). 

males  grow  faster  between  sheddings.  (The  latter  presumption  is  substantiated 
by  other  considerations.)  In  each  species  there  is  a  fairly  constant  body-length 

increment  (the  relationship  is  not  exactly  linear),  as  each  tattle  is  added,  up  to 
the  fifth  to  se\cnth  rattle;  beyond  this  the  increnienis  of  body  length  between 
rattle  aclcliLi(jiis  aie  leduced.  1  hits  it  is  agaiti  indicated  that  skin  changes  are  first 
correlated  with  body  grcwth,  but  later  arc  required  because  of  sonic  other  condi- 
tion, probably  wear,  a  conclusion  reached  before,  upon  other  data. 

In  considering  the  W-L  relationship,  it  is  to  be  ranembered  that  only  the 
attached,  or  proximal,  rattle  furnishes  data;  thus  there  is  but  one  figure  per  snake, 
but  every  specimen  supplies  such  a  figure  even  though  the  string  be  incomplete. 
I  have  had  available  in  this  investigation  well  over  12,000  rattlesnakes  of  which 
the  proximal  rattles  were  measured. 

The  \V-L  curve,  like  the  \'-L,  is  a  step-type  citj\c  (fig.  5:20),  for  IT  leniains 
constant  between  sheddings  while  L  is  continuously  incicasing.  lUit,  in  this  citi  ve, 
both  the  treads  and  risers  gradually  decrease  in  size;  fo»,  as  tlie  sheddings  come 
at  intervak  of  lesser  body  growth,  so  also  do  the  rattle-width  increments  decrease 
with  each  new  segment. 
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The  average  W  I.  nirvc,  representing  the  mid-points  of  the  steps  and  risers, 
was  investigated  in  a  number  oi  species,  with  the  following  conclusions:  In  rattle- 
snakes of  e(}ual  lengths,  juvenile  females  ha\t'  slightly  larger  proximal  rattles  than 
males;  but  the  contrary  is  true  in  tlie  adults  of  most  species,  the  males  having 
larger  proximal  rattles  than  females  of  the  same  length.  Eventually,  as  the  males 
attain  a  greater  size  than  the  females  (except  in  sidewinders)  the  male  rattles 
reach  a  greater  width  than  those  of  the  females. 

In  each  species,  there  is  an  approach  toward  a  linear  correlation  between  body 
length  and  attached  rattle  width  up  to  rattle  No.  4  or  5»  or  during  the  first  year 
of  life,  after  which  the  curve  falls  off  slightly,  with  decreasing  incrcmcnis  of  I!" 
for  constant  increments  of  L.  In  other  words,  adult  snakes  have  proportionately 
somewhat  smaller  proximal  rattles  (as  measured  by  the  width  of  the  exposed  lobe) 
than  juveniles,  tor  example,  in  male  prairie  rattlesnakes  (the  Platteville  series) 
the  width  of  the  button  averages  1.8  per  cent  of  the  over-all  length  of  the  snake  at 
birth,  whereas  in  a  900-mm.  adult  the  width  of  the  proximal  rattle  is  about  1.5 
per  cent  of  the  length.  Even  with  respect  to  the  first  6  rattles,  the  r^ession  is 
not  exactly  linear,  for  there  is  a  slight  reverse  curvature,  the  increments  in  rattle 
width,  per  unit  body  increment,  being  higher  at  rattles  Nos.  3  and  1  than  at 
Nos.  1  and  2.  or  5  and  6.  Of  course,  this  single  size  criterion  (width)  overlooks  the 
fact  that  the  button  is  much  shorter,  with  only  2  ill-dehned  lobes,  while  the  mature 
segment  comprises  3  well-defined  lobes  and  is  conespondingly  both  longer  and 
tliicker  than  the  button. 

From  the  correlations  between  rattle  number,  rattle  width,  and  snake  length 
that  have  been  investigated,  and  assigning  incomplete  strings  in  aca>rdance  with 
the  principles  of  maximum  likelihood,  I  have  devised,  for  the  Cape  series  of  C.  r. 
lucasrnsis,  the  complete  data  required  to  plot  the  W-N  point  curve,  and  the  L-N 
and  L-W  step  curves,  up  to  and  including  rattle  segment  No.  14  for  both  sexes. 
The  actual  points  as  determined  by  the  measurements  and  calculations  have  been 
souiewhat  euiended  to  secure  regular  turves,  yet  I  have  little  doubt  that  these 
idealized  data  closely  approximate  the  average  rattle  relationships.  1  he  data  are 
set  forth  in  table  5:5.  While  the  dimensions  here  given  are  applicable  only  to  a 
single  subspecies  of  rattlesnake,  they  illustrate  the  type  of  growth  characteristic 
of  adl  rattlers.  The  relationships  are  also  shown  graphically  in  figures  5:18  to  5:20. 

Species  Differences  in  Rattles 

Ha\  iug  discussed  the  basic  features  of  the  dimensional  relations  between  succes- 
sive rattles,  and  between  the  raiile  and  the  length  of  the  snake,  we  are  now  pre- 
paretl  to  assess  the  impoi  tame  of  .species  differences  iu  these  rattle  proportionalities. 

Naturally  it  would  be  expected  that  rattle  sizes  would  vary  with  the  sizes  of 
the  snakes  to  which  they  are  attached,  and  that  a  fairly  constant  ratio  might  be 
presumed  to  exist  between  them.  But  although  it  is  true  that  larger  species  have 
larger  rattles,*"  and  that,  as  each  individual  snake  grows,  the  segments  of  its  rattles 
become  successively  larger,  the  ratio  of  the  width  of  the  proximal  rattle  to  the 
length  of  the  snake  is  by  no  means  constant  throughout  the  rattlesnake  genera. 
On  the  contrary,  some  species  have  unusually  large  rattles,  when  judged  by  their 

Mauduyt  (p.  S87)  noted  the  difference  between  atrkaudattu  and  miliarius  raules  as  early  as 

1774. 
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body  lengths,  whereas  those  of  others  are  notably  small,  and  these  difTerences 
are  found  to  be  consistent  with  species  relationships  that  have  been  verified  by 
other  characters.  Furthermore,  there  aie  ontogenetic  diHerences  !)etueen  species — 
that  is,  changes  in  the  rattle-body  ratios  as  the  snakes  age:  lor  one  kind  of  rattler 
may  start  with  a  button  inconsistently  small  for  its  body  size  at  birth,  yet  the 
successive  segments  may  increase  by  such  large  steps  that  eventually  it  has  larger 
rattles,  proportional  to  body  length,  than  another  species  that  started  with  a 
larger  button.  It  is  with  these  differences  in  rattle  sizes  and  growth  trends  that 
I  shall  now  deal. 

Some  of  the  early  rattlesnake  classifications  employed  the  shape  of  the  rattle 

string  as  a  key  (haracter,  segregating  the  acuminate  from  the  parallelogrammic 
(Cope,  1866,  p.  -^08).  Later  this  was  abandoned  when  it  was  observed  that  a  jiar.dle- 
logrammic  rattle  was  merely  an  adult  string  from  which  the  acuminate,  oi  youihlul, 
section  had  been  lost  through  breakage  or  wear  (Cope  in  Yarrow,  1875,  p.  533; 
Carman,  1887,  p.  2).'"  But  even  so,  the  rattle  should  not  be  entirely  overlooked 
as  a  significant  spedes  difference  or  a  possible  key  character;  especially  is  it  useful 
where  large  numbers  of  specimens  are  available  for  the  determination  of  average 
dimensions. 

We  may  first  sur\  ey  species  differences  by  comparing  the  widths  of  correspond- 
ingly numbered  rattle  segments  of  the  several  species,  thus,  for  the  moment,  mak- 
ing nf)  attempt  to  fix  a  definite  ratio  with  body  si/e.  We  find  that  C.  m.  mitchelli 
from  the  Cape  Region  of  Baja  California,  has  the  largest  rattles,  at  least  up  to 
the  fourth  rattle;  that  is,  each  rattle  exceeds  in  width  the  same  rattle  of  any  other 
kind  of  rattlesnake.  This  is  surprising,  since  this  is  not  a  particularly  large  species. 
Following  mitchelli  in  absolute  size  of  rattles,  we  have,  in  order,  tucasensis,  adC' 
manteus,  and  atricaudattis.  It  is  of  interest  to  observe  that  the  two  outstanding 
subspecies  are  found  only  in  the  southern  half  of  the  peninsula  of  Baja  California. 
The  other  two  both  grow  to  a  very  1  n  -  c  size. 

These  remarks  apply  to  the  ranks  during  the  period  of  most  rapid  growth, 
that  is.  up  to  the  lointh  or  filth  r;ittle.  It  would  stem,  therefore,  that  a  climatic 
condition  imohiiig  a  short  period  ol  winter  inatii\itv  tends  to  produce  large 
rattles,  for  this  seems  the  only  condition  common  to  these  Pacific  Coast  forms. 
It  will  be  noted  that,  even  within  a  species,  body  size  is  not  the  sole  factor  control- 
ling rattle  size,  for  C.  m.  mitchelli  from  the  Cape  Region  of  Baja  California  is  a 
smaller  snake,  on  the  average,  than  San  Diego  County  C.  tn.  pyrrhus,  yet  it  has 
larger  rattles.  C.  r.  lucawusis  is  about  the  same  size  or  slightly  smaller  than  C.  r. 
ruber,  but  has  distinctly  larger  rattles;  and  both  exceed,  in  rattle  size,  their  rela- 
tive, atrox,  a  larger  snake.  Bevond  the  fifth  rattle  mere  bo<!y  si/e  becomes  effective; 
milrfirlli  quickly  loses  in  the  race  tor  suprematy;  it  is  passed  by  lucasensis  and 
adaniaiitcus,  and  eventually  by  several  other  large  species. 

At  the  opposite  extreme  are  the  snakes  having  the  smallest  rattles.  These  are 
the  pigmy  rattlers  {Sistrurus  miliarius  and  its  subspecies),  and,  in  the  genus  Cro- 

**This  diffr retire  between  pofnted  and  parallel  string  had  also  been  presumed,  erroneously,  to 

l)c  ;i  ".csii.il  (lilkicncc,  the  pointed  strings  wcic  allcj^ctlh  fourul  tm  the  males  and  the  blunt  on  the 
females.  Soinciiines  the  icvcisc  uas  htlicvcd  to  be  true  (.\tiaii  and  Kubank,  HlL'2.  p.  3r)6).  and  the 
females  were  presumetl  it»  have  the  more  tapered  rattles,  which,  incidcni.illv .  ucie  thought  to 
produce  a  shriller  note.  This  myth  is  still  occasionally  heard  in  the  Southwest.  It  is  akin  to  the 
equallv  mistaken  idea  that  the  males  carry  their  rattles  tvith  the  flat  side  vertical,  whereas  the  fe> 
males  ha\f  ilie  Mat  side  bori/diii.tl,  as  Ihiitnn  f  11^69.  vol.  2.  p.  IHl)  was  told  in  Brazil.  This  remains 
a  fruiUul  soutLC  of  discussion  in  the  queries  columns  of  sportsmen's  magazines. 
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talus,  the  Tancitaraii  dusky  rattlesnake  (C.  pusillus),  the  central-plateau  dusky 
rattlesnake  (C.  t.  triso  iatii.s),  and  the  long-tailed  rattler  (C.  stcjui'iirri). 

But  these  last  are  iu)tal)ly  small  snakes,  just  as  tin-  ciisiei  n  tiiaiuoiulhac  k  (C 
adur/ianteus)  is  especially  large,  which  suggests  that  some  basis  of  comparison 
should  be  devised  that  will  take  body  size  into  consideration,  such  as  the  com- 
parison of  the  rattles  of  rattlesnakes  of  similar  ages.  One  of  the  stages  of  rattle- 
snake life,  at  which  average  body  size  can  be  established  with  a  moderate  degree 
of  accuracy,  is  the  size  at  birth;  and  correspondingly  we  have  available  for  most 
kinds  of  rattlers  the  width  measurements  or  many  buttons.  When  we  plot  on  a 
sratter  diagram  the  points  deternn'ned  by  the  average  lengths  at  birth  (table  1:1) 
as  abscissas  ami  the  a\eragc  button  widths  as  ordinates  (one  |joiiit  lor  ea(  h  sub- 
species), a  pattern  of  relal ionshij)  is  iininediately  evident,  loi  hkjsi  oI  the  points 
lall  within  a  band,  the  center  line  ot  which  is  represented  approximately  by  the 
parabola  TF«=  —1 18.2IL'  +  91. SOL  —  9.79,  where  W  is  the  width  of  the  button  in 
millimeters  andL  is  the  snake  length  in  meters.  This  formula  indicates  that  smaller 
rattlesnakes  have  proportionately  smaller  buttons,  or  No.  1  rattles,  than  the  larger 
s{)eries;  for  example,  a  species  170  mm.  long  at  birth  would  have  a  button  2.3  mm. 
wide,  whereas  a  species  320  mm.  long  would  have  one  7.4  mm.  wide.  The  ratio 
of  rattle  width  to  body  len'^th  in  the  two  (ases  is  1.35  and  2. ,81  per  cent,  respec- 
tively. As  the  largest  rattlesnakes  (adanKiiiicus)  measure  about  350  mm.  at  birth, 
the  formida  is  inapplicable  above  L  =  0.^!y. 

Most  o£  the  species  and  subspecies  fall  within  15  per  cent  of  the  parabolic  line 
whose  equation  I  have  given,  but  a  few  deviate  more  widely.  C.  m.  mitchelli  and 
C.  tigris  have  conspicuously  large  buttons.  As  I  have  already  stated,  mitchelli  is 
outstanding;  for,  although  it  is  of  moderate  size,  normally  attaining  an  adult 
length  of  about  910  mm.  (37  in.),  it  has  the  widest  button  of  all  rattlesnakes, 
slightly  w  ider,  indeed,  than  the  button  of  the  largest  of  all  rattlesnakes,  the  eastern 
dianK)nd!)ack  (C.  ndntnantnis),  which  occasionally  exceeds  1,8,10  mm.  ((>  ft.)  in 
lenL;ih.  In  the  other  tliredion,  subnormally  small  buLKMis  aie  lound  on  dunsms, 
and  its  subspecies,  and  on  uitirolnr,  huMlisi  us,  polxstu  tus ,  anil  pusiUus.  C  d. 
durissus  and  C.  b.  basiliscus  are  large  rattlesnakes,  exceeded  m  ultimate  si/e  only 
by  adamanteus,  atrox,  and  possibly  atricaudatus;  yet  their  buttons  are  little  more 
than  !4  the  width — ^which  means  about  %  the  bulk— of  adamanteus  buttons. 

Island  and  other  dwarfed  derivatives  have  proportionately  larger  buttons  than 
their  prototypes;  falling  in  this  category  are  tortugensis  (atrox),  exsul  (ruber), 
nuntius  (yiridis),  caligifiis  {helini),  and  muertensis  {mitchelli),  the  ancestral  forms 
being  shown  in  jjarentheses.  This  does  not  mean  that  the  stunted  rattlei  actually 
has  a  larger  button  than  its  relati\  e,  but  that  it  is  larger  proportionate  to  the  snake's 
length,  a  fact  long  ago  noted  by  Carman  (1HS8,  p.  2()3). 

Other  differences  o£  interest  arc  these:  C.  uitux  in  1  cxas  has  a  smaller  button 
than  the  same  species  in  Arizona  and  California,  although  the  Texas  snakes  reach 
a  larger  size  than  those  farther  west:  and  lucasensis  has  a  larger  button  than  ruber, 
although  the  latter  snake  probably  attains  a  slightly  greater  ultimate  length.  Large 
buttons  are  characteristic  of  the  snakes  of  the  extreme  Southwest. 

The  smallest  of  all  buttons  (both  proportionately  and  actuallv)  are  those  of 
Sistrurus  jnilioriiis  strcckcri  and  Crotalus  pusillus,  which  average  about  1.6  nun. 
Both  are  small  snakes,  so  that  small  rattles  would  be  expected;  however,  they  arc 
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also  long-tniled,  comparcci  with  otlur  rattlers,  which  no  doubt  further  c\j)lains 
the  small  size  of  their  diminutive  rattles,  since  a  small  matrix  would  be  appro- 
priate to  the  end  of  a  long,  tapering  tail.  The  long  tail  also  explains,  at  least  in 
part,  the  relatively  small  button  of  durissus  and  its  allies. 

There  is  no  adult  length  capable  of  being  fixed  quite  so  objectively  as  that  of 
the  size  at  birth;  however,  from  a  study  of  available  material  I  have  azrived  at  the 
probable  lengths  of  what  may  be  tenncd  large,  hui  not  exceptional,  males  of  each 
subspecies  (table  4:1).  and  have  used  these  in  other  statistical  studies  (1937,  p.  28; 
1952,  p.  128).  Using  these  lengths,  I  ha\c  determined,  from  L-]V  curves  drawn 
for  each  subspecies,  the  average  width  of  the  proximal  rattle  at  that  bodv  length. 
Again,  these  measurements,  laige-male  length  and  (orresponding  rattle  width, 
have  been  plotted  as  a  scatter  diagram,  each  subspecies  (or  homogeneous  series) 
being  I  epi  esented  by  a  single  point.  It  may  be  noted  that,  even  if  the  best  judg- 
ment has  not  been  used  in  fixing  the  standard  adult  male  length,  no  considerable 
inaccuracy  results,  since  the  conresponcttng  width  of  the  proximal  rattle  has  been 
appropriately  modified  by  use  of  the  L-W  curve. 

This  relationship,  also,  is  found  to  follow  a  parabolic  curve,  its  equation  being 
approximately  IT  —  —7.16//'  -f-  30.9(j/.  —  9.51,  with  IT  expressed  in  millimeters  and 
L  in  meters.  Again  there  is  an  increase  in  the  laitle  proportiona]it\  fioni  the 
small  to  the  large  species,  although  not  so  marked  as  in  the  fornmla  tor  tlie  buuons. 
A  small  species  witli  a  length  of  600  mm.  (representing  a  large  male  of  that  species) 
would  have  a  proximal  rattle  width  of  6.5  mm.  ( 1 .08  per  cent  of  the  body  length), 
whereas  a  1,500-mm.  species  would  have  a  20.8  mm.  rattle  (1.39  per  cent).  These 
are  the  widths  at  which  the  strings  become  parallel  or  uniform  in  size. 

As  before,  there  are  some  conspicuous  deviations  from  the  generic  trend  or 
regression  line.  The  largest  rattles,  proportionate  to  the  adult  bodv  lengths,  are 
possessed  by  Ifpidus,  tigris,  niitchrllt,  ccrberus,  pyrrlius,  and  ingrcsccus.  1  he  snakes 
having  notably  small  rattles  are  again  the  long-tailed  lorms,  stejnegeri,  iniliarius 
(and  its  subspecies),  pusillus,  triseriatus,  and  polysticlus.  C.  d.  durissus  and  the 
others  of  that  group,  although  starting  with  small  buttons,  have,  by  rapid  incre- 
ments in  the  widths  of  their  succeeding  s^^ents,  been  brought  above  the  rattle- 
snake mode.  The  eastern  rattlers  adamanteuSf  horridus,  and  atricaudatus  are  all 
on  the  low  side  of  the  regression  line,  although  they  do  not  deviate  conspicuously 
from  the  mode.  C.  r.  ruber,  as  an  adult,  also  has  a  relatively  small  rattle.  All 
Sistrnrus  forms  are  low,  but  the  others  are  not  so  low,  projjortionatcly,  as  miliarias. 
C.  Icpuius  antl  its  subspecies  have  conspicuously  larger  rattles  than  Iriscrialu^  and 
its  relatives,  especially  t.  triseriatus,  which  has  a  strikingly  smaller  rattle  than 
t.  aquilus. 

One  interesting  conclusion  from  this  relationship  is  that  the  island  forms,  and 
other  stunted  races  that  had  larger  than  modal  buttons,  to  some  extent  lose  this 
superiority  as  they  age.  It  seems  evident  that  the  ecological  conditions  that  cause 
dwarfing  are  increasingly  effective  postnatally,  a  trend  previously  verified  in  other 

characters. 

The  smallest  of  all  adult  rattles  are  those  of  stejurgeri,  pusillus,  and  tniliariiis 
and  its  subspecies,  which  reach  parallelism  at  widths  of  3.3  to  4.0  mm.  1  he  largest 
rattles  are  those  of  atrox,  culminatus,  tzabcan,  durissus,  and  basiliscus,  whidi  aver- 
age about  22.0  mm.  in  the  biggest  males,  although  less  in  the  usual  run  of  adults. 
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Some  exceptionally  large  strings  have  been  seen  on  basiliscus  and  atrox;  I  have 
measured  parallel  strings  on  the  former  up  to  24.5  mm.  in  width  and  24.7  mm.  on 

the  latter. 

Rattlesnakes  not  only  follow  trends  tliat  indicate  relationships  in  the  relative 
sizes  oi  their  rattles,  but  also  in  the  increments  in  width  between  successive  seg- 
ments during  the  adolescent  stage  wherein  these  increments  are  substantially  con- 
stant. For  example,  expressed  as  percenUges  of  the  button  widths,  the  average 
increments  between  the  first  4  rattles  in  the  related  forms  durisstis,  culminatus, 
terrifictis,  basilisctts,  and  enyo  are,  respectively,  30.2,  36.2,  31.8,  36.2,  and  36.6  per 
cent;  whereas  in  the  airox  group  of  atrox,  ruber,  Incascnsis,  exsul,  and  tortugensis 
they  are  18.8,  14.7,  19.5,  13.8,  and  16.9  per  cent.  Another  consistent  group  is  com- 
posed of  mitchelli  (18.3),  pyrrhns  (16.1),  mncrtcnsis  (15.5),  and  tig^'is  (13.9).  From 
these,  strplicfisi  (25.5)  differs  materially.  In  these  increment  ratios,  island  and 
other  dwarfed  forms  are  usiuillv  found  to  be  lower  than  their  ancestral  prototypes; 
for,  as  I  had  previously  noted,  the  buttons  arc  generally  larger  than  are  to  be 
expected  in  snakes  of  their  size,  but  the  subsequent  rattles  are  less  extreme,  as  if 
stunting  were  increasingly  effective  with  age. 

The  consistency  of  these  incremental  trends  suggests  their  use  in  verifying  rela« 
tionships.  For  example,  cerastes  has  a  high  ratio,  which  suggests  an  affinity  to  the 
durissus  group,  as  is  further  indicated  by  the  rugosities  on  the  dorsal  scales.  The 
variations  of  rattle  size  between  species  cannot  be  explained  by  any  differences  in 
use.  The  rattles  of  the  western  diamond  (C.  atrox)  increase  in  width,  rclati\e  to 
body  size,  from  Texas  west  to  .Arizona  and  California,  yet  the  snakes  from  the 
latter  area  would  seem  to  have  no  reason  to  use  their  rattles  more  often;  nor  sliouid 
they  be  subjected  to  greater  wear. 

In  separate  geographical  populations  that  do  not  warrant  subspecific  recogni* 
tion,  there  is  a  considerable  consistency  in  the  widths  of  the  corresponding  rattles. 
The  following  figures  show  the  average  width  of  each  rattle  of  several  series  of 
tnridis  and  one  of  nuntitts  as  a  percentage  of  the  width  of  the  same  segments  in 
South  Dakota  viridis,  the  latter,  the  largest,  as  well  as  the  most  northeasterly  group, 
being  taken  as  100  per  cent: 
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Again  we  observe  the  gradually  declining  relative  ratile-si/e  in  each  geographical 
series  that  chaructcrizes  the  tendency  of  dwarfed  forms  to  widen  their  differences 

from  their  prototypes  with  increasing  age.  The  same  condition  is  found  true  of 
desert-slope  ruber,  as  compared  with  its  larger  coastal  relative. 

When  one  has  a  sample  population  of  snakes  to  be  compared  with  another,  and 
specimens  of  known  age  criteria — such  as  young  just  after  birth,  or  gravid  females 
with  their  first  broods  are  not  available,  complete  rattle  strings,  since  they  are, 
in  a  way,  preserved  bench  marks,  sometimes  will  aid  in  solving  a  problem  of  rela- 
tionship. For  example,  I  have  heard  it  stated  that  the  southern  Pacific  rattlesnakes 
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(C.  V.  helleriy'  on  Santa  Catalina  Island,  California,  were  ])robably  recently  intro- 
duced, having  been  accidentally  iransj)ortcd  there  with  plants  for  gardens.  But 
a  small  series  of  (]atalina  rattlers  with  complete  rattle  strings  have  the  following 
widths,  expressed  as  percentages  of  mainland  helleii  for  the  first  1  rattle  segments: 
78.2,  79.2,  75.9,  75.0.  Tha«  were  not  available  £roin  the  island  sufficient  speci- 
mens to  make  sure  that  they  differ  conspicuously  in  average  body  size  from  those 
on  the  mainland,  but  the  rattles  indicate  that  they  do;  and  it  is  certainly  not 
probable  that  dwarfing  to  this  degree  could  have  occurred  in  so  short  a  time.  We 
may  conclude  that  they  are  not  a  recent  importation. 

Sometimes  rattle  dimensions  may  be  useful  in  verifying  identifications,  where 
a  specimen  is  poorly  j)reserved,  or  has  an  aberrant  pattern.  For  example,  the 
first  two  rattles  of  l)asiliscus  average  4.7  and  6.4  mm.  in  width.  rcspccti\ely,  while 
the  corresponding  ligurcs  lor  tnoloisus  are  6.9  and  7.9.  These  considerable  dif- 
ferences will  aid  materially  in  identifying  specimens  of  these  two  occasionally 
confused  spedes,  if  the  rattle  string  of  the  doubtful  individual  is  complete.  Be- 
yond the  second  rattle,  the  diflferences  decline,  for  basiliscus  gradually  overtakes 
mohssus  in  rattle  size,  being  slightly  larger  at  the  fifth  rattle  and  conspicuously 
so  at  the  sixth.  The  differences  in  the  rattle  dimensions  of  C.  t.  triseriatus  and 
C.  t.  aquilus  are  of  sufficient  magnitude  to  be  important  in  sq^gating  speci' 
mens  of  these  two  subspecies,  which,  otherwise,  are  much  alike  in  most  characters. 

Thus  far  I  have  discussed  the  general  W-L  relationships  in  the  two  genera 
of  rattlesnakes,  but  have  presented  little  dimensional  inlbrmation  applitahle 
to  particular  species.  With  regard  to  the  widths  of  the  button  and  the  next  3  to  5 
rattle^  I  have  pointed  out  that  there  is  a  constancy  in  the  increment  of  the  width 
of  each  segment  over  its  predecessor.  Therefore,  given  the  average  width  of  the 
button  of  any  subspecies,  and  the  average  increment,  one  may  determine,  with 
an  Qvror  that  generally  will  not  e.vceed  10  per  cent,  the  widths  of  the  first  4  to  6 
rattles  of  a  complete  string.  The  data  necessary  for  these  determinations  are  set 
forth  in  tabic  5:6. 

The  presentation  of  similai-  data  foi  adults  is  less  simple  in  causc  of  an  increased 
importance  of  sexual  dimoiphism,  and  a  widening  dispersion  about  the  mean. 
It  is  no  longer  possible  to  present  the  dimensions  of  a  particular  segment  in  the 
sequence  of  rattles,  since  the  sequence  number  is  so  seldom  known,  because  of 
the  almost  invariable  loss  of  an  unknown  number  of  rattles  frmn  any  adult  string. 
As  the  adult  rattles  are  (within  each  subspecies)  affected  by  the  size  of  the  snake 
itself,  we  are  reduced  to  rctf)iding  W,  the  width  of  the  proximal,  or  attached, 
segment  in  terms  of  L,  the  length  of  the  snake  over-all.  I  ha\e  already  pointed 
out  that  the  M'-L  regression  line  is  not  exactly  linear,  although  reasonably  useful 
approximations  to  the  curve  can  be  gi\en  in  this  form,  a.s,  for  example: 

C.  h.  basiliscus  W  =  0.0 1  +  0.60  C.  w.  molossus  ^y  =  0.0 \  \T.  +  \ .25 
C.d.durissus  1^  =  0.0 HZ.  -  0.54     C.p.pricei  H' =  0.0i2L  +  0.06 

C,d,culminatus     W= 0.0151.  —  1.00     C.pusillus  W = 0.00581.  +  0.80 

C.  /.  klauberi         W  =  0.015L  +  0.48     C.  t.  triseriatus     W=0.007L  +  0.60 

But  data  in  this  form  are  not  useful  to  some  readers,  and  more  accurate  para- 
bolic curves  would  be  even  more  cumbersome,  it  appears  appropriate,  therefore, 
to  present  the  data  applicable  to  adult  rattlers  in  the  form  of  their  W/L  ratios. 

Not  to  be  conftued  with  the  Santa  Catalina  Island  rattlesnake  (C.  catalinensis}  on  Santa  Cata- 
lina Island  in  the  Gulf  of  California.  Mexico. 
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TABLE  5:6 
AvsBAOE  Rattle  Diuensions  and  Ratios 


Sabapecic* 


adamanteuB  

C.  alrox  

C.  baaUiwua  baaHiaeus  

oaxacu8  

C.  eenutet  eerasles  

rf  rcnfmmbws . . . . 
lad  rori  /icna.  ,  . . 

C.  duriaatta  duriwiit  

eulmtnadw. . 

terrifieua  

totonaciu  

tzabean  

C.  enyo  enyo  

C.  adid  

C.  horridua  horridua  

alricaudidua . . . 
C.  intcrmcdius  intermediua. 

gloydi  

omilltmanus 

C.  leptdua  lepidux  

Hnuhrri  

ninrnl  IIS  

C.  mitchcllii  initchfllii'  

'I  It'll  /i7/.SJ.<  .... 

in  III  ill  iisis. ,  , . 

l>!/ri-/i)i>t  

.st  I  fill  I  )tsi  

C.  molowui  till il OS. ■ills.  

tiiijnucfns  

pdyMirtus .  .   

pricci  /irici  i   .  . .  ■ 

putilhis  

ruber  nthi  r  

Im  tisi  /i.M.v  

«cutultttuii  gcutulatua. . . , 

aalvini.  

.^rjneoeri   

trigria. ,  

lorlugenitia  

iransveraus.  •  •  •   

triscrialua  triaeriatna.. . . 

aquUua  

unieUor  

tiridia  viridu  

abuaatia,  

emiginia  

eerberua  

eoneolor.  

hdleri  

luUmta  

nuntius  

orcgnnua  

C.  wiUardi  wiUardi  

omaUHc.  

meridionalia. . . . 
ailua. ......... 

5.  catenatua  cnlenatua  

tcraeminua. .  . . 

S.  miliarius  miiiarms  

barbouri  

atreckeri  

8.  rai'us  


C. 
C. 
C. 

C, 


r. 
c. 
c. 
c. 
('. 

c, 
c. 


.Juvenile  and  adole»cent  rattles 


Adult  nttie 


l\  lot II 
f  hiilton 

iptn* 

Ssucceeoins  in- 
crements 
belween  8<?g- 

iiii^nttt  fur  ill*' 

next  -i  or  1 
sesnipnt.s, 
nun. 

Ka'io, 
int-rviiient 
to  button, 
per  cent 

Ratio, 
but  tun  to 

i.'ii^  111 
at  bttlli, 
per  cent 

Katio 

If  JL 

tMi*  cent 

8.1 

1.2 

14.8 

 . 

■2.M 

I.IH 

6.9 

1.3 

18.8 

2.09 

1.62 

4.7 

1.7 

36.2 

1.42 

1.36 

5.7 

1.0 

17.5 

1.7S 

;{.o 

U.9 

30.0 

1.71 

1.45 

1.1 

1.7s 

1..5S 

3.4 

1.0 

2U.4 

1.7!) 

1.49 

4.3 

1.3 

30.2 

1.36 

1.33 

4^ 

1.7 

36.2 

1.57 

1.46 

4.4 

1.4 

31.8 

1.44 

1.39 

4.8 

1.6 

33.3 

1.67 

1.17 

4.6 

1.4 

30.5 

1.46 

1.34 

4.1 

1.5 

36.6 

1.82 

1.67 

0.0 

0.8 

13^ 

2.50 

1.45 

6.2 

1.3 

21.0 

2.18 

1.43 

7.U 

1.0 

1 

2.8 

0.5 

17.8 

1.87 

1.27 

2.0 

0.4 

15.3 

1.7.3 

1.12 

2.5 

0.5 

20.0 

1.50 

1.10 

:j.9 

0.9 

23.1 

2.05 

1.67 

3.5 

0.8 

22.S 

1.79 

1.60 

2.0 

0.4 

15.4 

l.:i7 

1.05 

t>.2 

1.5 

Is.H 

A. 42 

1.78 

5.2 

1.1 

I'LL' 

l.lMi 

1.15 

5.S 

0.9 

1.")..") 

.{.It 

1.72 

f..7 

1.1 

lii.l 

2.5S 

1.76 

5.1 

1.3 

L'. ■>..', 

2.22 

1.53 

G.9 

1.0 

1  )..". 

•iiio 

l..>3 

0.3 

1.2 

I'.I.O 

2.:{4 

1.56 

3.0 

0.6 

10.7 

1.57 

1.06 

2.0 

0.4 

15.4 

1.02 

1.22 

1.6 

0.2 

12.5 

O.Ul 

0.0.5 

7.5 

1,1 

14.7 

2.m 

1..30 

7  7 

1  & 

19.5 

2.00 

1..">.3 

1  0 

lY.o 

2.15 

1 M) 
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as  set  toith  in  the  final  column  of  taljle  '):().  Ftoni  tlics<-  ilic  av('i:i<^c  width  of 
the  proximal  rattle,  corresponding  to  any  length  over-all  L  (but  only  in  the  adult 
range),  may  readily  be  computed  by  multiplication  of  L  by  the  ratio  set  forth 
in  the  table. 

Although  the  rattle  statistics  presented  in  the  table  represent  the  several  species 
and  subspecies  with  a  moderate  degree  of  accuracy,  there  need  be  no  surprise 
if  strings  and  proximal  rattles  are  found  to  deviate  appreciably  from  these  figures 

in  individual  snakes.  Kor  there  arc  not  only  dimensional  fluctuations  within 
homogeneous  populations.  I)ut  in  all  wide-ranging  populations  theie  arc  ter- 
ritorial difTcrcnccs  as  well.  Vhc  table  j^ui  ports  only  to  <^i\c  spc(  irs  a\cragcs, 
which,  at  least,  serve  to  indicate  specihc  and  subspecific  characteristics  and  dif- 
ferences. In  the  future,  additional  specimens  of  some  of  the  rarer  forms  will 
permit  the  correction  of  some  inaccuracies  caused  by  a  lack  of  enough  material 
to  develop  dependable  averages. 

The  rattles  of  the  several  species  of  rattlesnakes  differ  in  form  and  color,  as 
well  as  in  size,  but  such  differences  are  not  sufficiently  striking  or  constant  to 
be  always  in  evidence.  It  is,  in  fact,  surprising  to  note  the  morphological  simi- 
larity of  the  rattle,  in  sj)ecies  of  rattlesnakes  as  widely  dillcient  in  othei  diaiac- 
teristics  as  some  of  them  are.  The  general  scheme  of  the  interlock,  tiic  support 
effected  by  vertical  asymmetry,  the  longitudinal  side  furrows,  the  tear-preventing 
bead  or  selvage,  the  fin-type  reinforcements  of  the  grooves — all  of  these  intricate 
perfections  are  found  in  every  species.  The  two  incomplete  lobes  of  the  juvenile 
button  are,  in  all  forms*  succeeded  by  the  three  fully  interlocked  lobes  of  the  adult. 

But  there  are  differences  in  the  angularity  and  radii  of  the  curves  of  the  lobes, 
as  the  rattles  of  some  species  have  a  more  rounded  appearance  than  others.  1  his 
is  particularly  characteristic  of  Sistrurus  and  the  smaller  syjecics  of  Croinhis, 
such  as  pxtsilhis,  triscriatus,  pricei,  intermedins,  'willardi.  Irpidus.  crrastcs,  and 
polystictus.  Of  the  larger  sjx^cies  having  this  rounded  form,  horridus  is  tlie  nxost 
outstanding.  The  durissus  button  is  not  only  small,  relative  to  the  size  of  the 
snake,  but  has  a  somewhat  unusual  shape,  in  that  the  anterior  lobe  is  relatively 
narrow  (longitudinally)  and  the  dorsal  groove  between  lobes  is  especially  deep, 
a>mpared  with  other  species. 

Some  of  the  smaller  snakes,  especially  polystictus.  cerastes,  and  friscridtus,  have 
smaller  transverse  dimensions  proportionate  to  the  vertical  than  other  species: 
also,  some,  particularly  cerastes  and  triscruilus.  are  rcjiiiprc^ssed  longitudinallv. 
Similar  differences  are  sometimes  evident  between  island  forms  and  their  main- 
land analogues. 

When  a  rattle  still  surrounds  the  matrix,  it  is  practically  transparent  and  there- 
fore seems  to  have  the  color  of  the  skin  below.  Howevor,  when  it  has  been  cast 
off  it  loses  its  transparency  (although  remaining  translucent)  and  through  oxida- 
tion, or  surface  wear,  assumes,  in  most  species,  a  characteristic  straw  color.  Some, 
however,  take  on  a  darker  brown  hue:  this  is  particidarly  noticeable  in  ada- 
vumtrus.  Jiorridus,  polystictus,  lepidus,  tigris,  omiltruuDius,  willardi^  and  all 
species  oi  Sistrurus.  C.  d.  tcrrificus  rattles  are  often  quite  reddish. 

The  color  of  the  rattle  is  entirely  independent  of  the  color  of  the  matrix  upon 
which  it  is  formed;  thus  ruber  rattles,  formed  on  a  black  matrix,  are  light,  whereas 
tigris  rattles  are  dark,  although  the  matrix  is  light  gray  or  pink.  The  marks  on 
the  rattle  matrices  are  a  part  of  the  body  pattern  of  the  snake,  and  are  as  con- 
sistent in  color  and  pattern  as  the  other  marks  on  the  tail 
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INTRODUCTION 

Like  all  reptiles,  raitlesnakes  arc  under  the  dominant  influence  of  external  tem- 
peratures; they  are  the  creatures  of  this  phase  of  their  environment.  The  most 
familiar  of  the  larger  animals  about  us — the  mammals  and  birds — arc,  to  a  con- 
siderable degree,  indcjxMident  of  the  temperatures  in  which  they  live,  particularly 
of  short-range  fluctuations,  for  they  have  internal  heating  and  cooling  mechanisms 
that  maintain  an  almost  constant  internal  temperature — a  temperature  that  is  an 
optinuim  for  theii  metabolic  processes  and  muscular  activity.  But  the  reptiles — 
ectoihermic  animals — are  almost  entirely  lacking  in  this  control;  with  falling  ex- 
terior temperatures,  their  own  bodily  temperatures  fall,  with  the  result  that  the 
energy  derived  from  oxidation  declines,  as  do  muscular  activity  and  rate  of  diges- 
tion. At  temperatures  that  would  not  be  uncomfortable  to  a  mammal  or  bird,  a 
snake  is  reduced  to  enforced  immobility.  And,  similarly,  at  above-optimum  external 
temperatures,  the  lack  of  the  cooling  mechanisms  of  perspiration  and  a  reduced 
effectiveness  of  evaporation  from  lung  surfaces  allow  the  body  temperature  also  to 
rise,  until  at  external  temperatures  that  mammals  withstand  with  no  more  than 
a  moderate  discomfort,  the  internal  temperatures  of  reptiles  rise  to  a  dangerous 
degree;  the  muscle  tissue  hardens,  circulation  stops,  and  the  animal  dies.  So  im- 
portant are  these  temperature  effects  on  reptiles,  so  narrow  the  range  of  external 
temperatures  in  which  their  life  activities  may  be  carried  on  successfully,  that  their 
habits  are  largely  circumscribed  by  their  having  to  take  the  greatest  advantage  of 
favorable  temperature  conditions,  and  to  avoid  those  that  are  detrimental  or  dan- 
gerous. When  some  objective — food,  for  example,  or  a  protective  refuge — can  best 
be  secured  under  unfavorable  temperature  conditions,  a  compromise  results,  with 
some  sacrifice  of  the  optimum  condition  for  either  category  separately. 

Another  point  to  be  borne  in  mind  is  the  relative  inactivity  of  snakes.  Put 
briefly,  it  may  be  said  that  most  of  the  time  they  do  nothing;  no  enterprise  or  action 
is  rct|iiired  of  them.  Their  food  and  water  needs  are  low  compared  with  diose  of 
manunals  and  birds  of  similar  si/e,  for  reasons  discussed  elsewhere  (p.  665).  Ordi- 
narily they  mate  but  once  a  year.  With  these  two  primal  drives  at  a  minimum,  it 
follows  that  they  have  both  long,  and  relatively  frecjuent,  periods  of  inactivity, 
extending,  in  summation,  over  a  considerable  part  of  their  lives.  In  the  interests 
of  comfort,  safely,  and  the  preservation  of  energy,  these  times  of  rest  are  taken  in 
suitable  refuges,  in  holes,  or  under  rocks  or  bushes.  Thus  they  are  secretive;  they 
are  not  so  often  seen  as  other  creatures  having  the  same  population  density. 
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In  till'  jjoiliayal  (jI  the  liabits  ami  u actions  of  laltlcsnakcs  that  follows,  these 
themes  ol  tcm|n  iatinr  cllrc  Is  ami  si  i  ictivcncss  will  rcpcati  clh  occ  ur. 

In  ihc  discussicjii  ol  laiilcMiakc  habits  and  actions,  sonic  clloi  t  has  been  made 
to  avoid  anthropomorphisms,  but  without  entire  success.  There  is  undoubtedly 
some  variability  in  a  rattlesnake's  reaction  to  its  surroundings  and  to  unusual  inci- 
dents— the  approach  of  a  human  intruder,  for  example.  To  suggest  that  a  rattle- 
snake's reaction  to  various  stimuli  is  almost  automatic  and  inflexible  is  certainly 
contrary  to  f  u  i  Yet  it  is  necessary  to  avoid  the  iniplicaiion,  so  often  given  in  ac- 
coimts  of  rattlesnake  activities,  that  wc  are  dealing  with  a  crafty  creature  of  slirt  wd 
intelligence  ami  (  vnical  cnnning—  howcxcr  more  imcrcsting  this  would  make  the 
nairativc.  On  the  (oiitiarv,  the  ratthsnakc  is  an  animal  with  iairly  instincli\c  or 
stcri'otvpcd  patterns  of  secnring  its  jjrimaiy  needs  of  food,  self-protection,  and 
reproiluciion,  but  with  some  power  of  choice  in  meeting  particular  situations  that 
may  arise  in  the  pursuits  of  these  needs.  But  the  intelligence  with  which  the  course 
is  diosen  is  rudimentary  and  without  predirectional  calculation  with  respect  to  a 
goal  to  be  attained. 

GROW  I  H  AM)  LOi\Gt:V  I  l  V 

What  we  should  like  to  know  about  rattlesnake  growth  is  how  fast  and  how  steadily 
they  grow;  at  what  size  and  age  they  become  sexually  mature;  whether  growth 
continues  beyond  this  age  and  to  what  extent;  and  how  long  they  live.  Of  course, 
as  rattlesnakes  of  the  various  species  differ  greatly  in  si/e,  from  some  that  are  full- 
grown  at  a  lcn<^tli  n\  harciv  2  iect  and  a  weighl  of  less  than  one-quarter  poiuid.  to 
others  that  nia\  aiiain  a  le  ngth  ol  8  fei  t  and  a  weight  of  20  jjounds  or  more,  it  is 
ob\  ions  that  complete  tiaia  on  the  giow  ih  tin  \es  ol  all  ihc  spe<  ii  N  and  subsjjccies 
would  be  impracticably  voliniiinous,  if  available  at  all,  which  they  are  not.  Else- 
where (table  4:1)  I  have  set  forth  ceruin  bench-mark  statistics  of  the  several  sub- 
species, including  the  average  length  at  birth  and  the  ultimate  size  attained  by 
fully  grown  males.  In  the  present  section  it  is  my  purpose  to  discuss  only  rates  of 
growth  and  development  in  example  subspecies,  selec  ting  a  few  of  the  commoner 
kinds  of  rattlesnakes  (oncerning  w  hiili  we  hav  e  the  fullest  information.  Even  with 
respect  to  these,  our  data  are  not  eiuiiclv  ilej)emlal)Ie. 

Information  on  lattlesnake  growth  ami  longi  \it\  ma\  be  gained  from  ()l)ser\a- 
lions  of  captive  specimens,  or  from  marked  specimens  lepeatedly  ieta|-rt.uied  in  the 
wild.  The  former  source  yields  information  of  somewhat  doubtful  validity  be- 
cause of  the  artificial  conditions  under  which  caged  snakes  live.  The  latter  program, 
although  achieving  more  accurate  results,  is  so  time-consuming  that  it  has  rarely 
been  attempted:  and,  indeed,  Fitch's  studies  (1949a,  p.  531)  indicate  that  capture 
and  release  may  influence  the  subsequent  activities  of  the  snakes  to  such  a  degree 
as  to  affec  t  normal  grow  th  trends  to  a  serious  extent.  Even  with  c  aptive  snakes,  it  is 
so  dillicidt  [(>  measure  their  lengths  .icciiratelv  without  injurx  that  reptile  house 
operators  aie  unwilling  to  submit  their  chaiges  to  such  studies. 

Snakes,  rattlesnakes  among  them,  do  not  attain  a  growth  termination  as  sharply 
limited  as  in  birds  or  mammals.  In  fact,  it  was  once  believed  that  they  grew  con- 
tinuously until  death,  and  that  the  largest  individuals  of  a  species  were  correspond- 
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ingly  the  oldest.  Now  it  is  known  that  they  grow  much  faster  as  juveniles  and 
adolescents  than  later;  and,  if  growth  does  continue  after  the  adult  stage  is  reached, 
it  is  lolativelv  slow.  Rut,  even  so,  the  "knee"  of  the  orowth  rurxe — the  point  of 
change  innw  tlic  atloksceui  to  the  achilt  rate — is  less  sharplv  defined  ihaii  in  tlie 
warm-blooded  vertebrates,  wiierein  the  adult  rate  quite  suddenly  becomes  zero. 
Petter-Rousscaux  (1951,  p.  191)  experimented  with  the  European  ringed  snake 
and  cx>nduded  that  growth,  but  at  a  much  reduced  rate  late  in  life,  continued 
practically  throughout  life.  He  determined  age  from  growth  ridges  on  the  pterygoid 
bone.  Brattstrom  has  found  similar  annual  growth  ridges  in  the  skulls  of  rattle- 
snakes, and  believes  that  they  will  be  useful  as  age  indicators.  He  finds  the  ridges 
easiest  to  determine  on  tlie  frontal,  although  they  are  evident  on  many  of  the  other 
bones. 

One  me  thod  of  growth  study  is  to  compile  the  statistics  of  large  mmibers  of 
individuals  and  tonelate  the  lengths  with  the  seasons.  As  long  as  the  growth  is 
rapid  enough  so  that  one  can  differentiate  the  several  year-classes  involved,  this 
is  a  useful  method  of  deducing  average  growth,  each  snake  furnishing  a  single 
point  on  a  scatter  diagram.  It  has  been  used  successfully  with  rattlesnakes  during 
their  first  two  years  of  life,  when  the  number  of  rattles  in  the  unbroken  strings 
aids  in  segregating  the  classes.  Beyond  that  age  it  is  practically  impossible  to 
segregate  the  age  classes,  and  therefore  it  is  not  feasible  to  deteiniine  growth  trends 
of  adults  lioin  this  tvpe  of  studv.  Such  information  nuist  eventually  come  from 
periodic  measurements  (jf  rc cajnured  specimens  in  the  field,  a  method  that,  in  itself, 
may  produce  a  disturbance  of  normal  giowth. 

Growth  Variables  and  Dispersion 

Even  if  narrowed  to  one  sii^le  rattlesnake  subspecies,  we  find  the  problem  of 

determining  the  a\  crage  rate  of  growth  complicated  by  a  variety  of  important  dif- 
ferences— individual,  sexual,  and  ecological.  Examining  the  last  factor  first,  we 
must  remember  that  the  ch'visioii  of  a  group  of  animals  into  subspecies-  the  most 
restricted  class  recognized  nonu  iu  latorially — does  not  by  any  means  assure  uni- 
formity among  the  creatures  so  classified.  l  itis  process  of  division  is  largely  sub- 
jective, so  tliat  the  degree  of  uniformity  achieved  depends  on  the  ideas  of  the 
taxonomist  who  segregates  and  names  the  subspecies.  Some  taxonomists — the 
"splitters'* — ^favor  small,  restricted  subspecies  differing  from  each  other  in  only 
minor,  but  fairly  consistent,  characters:  whereas  their  opposites — the  "lumpers" — 
take  a  ( ontrary  view  and  recognize  only  forms  that  differ  in  much  wider  degrees 
and  with  greater  concordance  in  the  sej)arating  characters.  But  even  the  most  con- 
firnu  (1  splitter  can  never  achieve  comple  te  uniformity  in  his  ultimate  groups,  for 
animal  variation  is  such  that  this  degree  of  cc^nsistency  is  never  attained.  The  dif- 
ferences in  an  animal's  surroundings — the  climate,  topography,  vegetation,  food 
supply — all  affect  its  growth;  and  since  few  subspecies  inhabit  a  territory  that  is 
ea>Iogically  uniform,  we  find  that  an  accurate  growth  curve  for  a  creature  in  one 
part  of  its  range  may  be  inapplicable  in  another.  For  example,  I  have  pointed  out 
(1937,  pp.  33-37)  some  of  the  differences  that  distinguish  the  prairie  rattlesnakes 
(C.  t'.  viridls)  found  in  the  vicinity  of  Plattcxille,  Colorado,  from  those  from  near 
Pierre,  Sourli  Dakota,  about  miles  awav.  I  hcse  diflercntcs  are  by  no  means 
sufficient  to  warrant  the  assignment  of  separate  subspecific  names  to  the  two  popu- 
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l;itions,  yet  tlicy  do  invoke  clifrcirnt  growth  ( iirvcs,  for  the  Pierre  snakes  arc  larger 
both  at  birth  and  maiuriiy.  iiuch  intrasubspecific  variations  arc  everywhere 
apparent. 

Sexual  dimorphism  in  rattlesnake  size  was  the  subject  of  a  study  made  some 
years  ago  (Klauber«  1937,  pp.  12,  21),  with  the  following  conclusions  respecting 
growth  curves:  At  birth,  male  rattlesnakes  average  about  1  per  cent  longer  than 
females.  This  increases  to  about  3  per  cent  in  the  following  spring.  In  a  composite 
population  of  adolescents  and  adults,  the  male  superiority  is  5  per  cent.  Sexual 
dimorphisni  hcromcs  still  further  accentuated  when  the  snakes  are  Hearing  the 
end  ol  iht  ir  sc( (md  )cai.  Among  ilic  tuUy  matured  adults  it  is  probal)le  that  the 
malci  r\c  (.ctl  ilic  IcnKik  s  in  length  by  about  15  per  cent,  in  most  rattlesnake  species. 
The  only  known  exceptions  arc  the  sidewinders  (C.  ceraslrs),  in  which  the  adult 
females  grow  to  be  almost  10  per  cent  longer  than  the  males  (Klauber,  1937,  pp.  24, 
26;  1944,  p.  98). 

Finally,  we  have  individual  differences  in  the  lengths  of  snakes  of  the  same  sex 
from  the  same  area,  and  even  from  the  same  brood-  This  is  the  ordinary  type  of 
individual  variation  to  which  we  are  accustomed  in  tlie  creatures  all  alx>ut  us — in 
the  pups  in  a  litter  or  the  chicks  in  a  brood.  We  fmd  that  this  range  of  variation 
temls  to  increase  if  we  j)ool  sc\eia!  litieis  oj  broods,  e\eii  il  llie  parents  arc  all 
from  the  same  area,  and  the  bloods  \seie  bom  at  the  same  time.  L.islly,  tlure  are 
differences  in  growth  that  become  increasingly  evident  as  the  broods  age,  for  some 
individuals  remain  stunted,  while  others  grow  amazingly.  These  di^rences  are 
likely  to  be  accentuated  among  wild  creatures,  some  of  which  are  more  fortunate 
than  others  in  securing  food.  Rattlesnakes,  of  any  kind  in  any  particular  location, 
are  subject  to  these  same  types  of  individual  variability. 

In  an  earlier  paper  (1987,  p|).  7,  19)  I  set  forth  the  dct.-iils  of  a  study  de- 
signed to  determine  the  nature  and  extent  of  these  individual  vaiiaticjus  among 
rattlesnakes,  showing  to  what  extent  individuals  deviate  from  the  average  of  the 
group  to  width  they  belong. 

First  as  to  the  variations  within  a  brood:  Calculations  based  on  31  broods  com- 
prising 320  young  rattlers  indicated  a  composite  coefficient  of  variation  of  4.5  per 
cent.  Among  these  little  snakes  there  were  4  so  stunted  that  their  survival  would 
have  been  extremely  doubtful;  eliminating  these  reduced  the  coefficient  of  varia- 
tion to  3.8  per  cent.  Eliminating  a  total  of  11  freakish  specimens — the  9  smallest 
and  2  largest — further  cut  the  coefficient  of  variation  to  3.3  per  cent.  A  later  study 
of  the  same  kind,  entailing  IC)  other  broods  totaling  211  young  rattlesnakes,  jiro- 
duced  a  composite  coefhcient  of  vaiiation  of  2.5  per  cent,  and  this  without  any 
eliminations.  I  think  we  may  safely  conclude  that  brood  coefficients  of  variation 
in  length,  unless  such  a  brood  contains  one  or  more  obvious  defectives,  will  seldom 
exceed  4  per  cent  and  will  average  3.5  or  lower.  However,  this  statement  is  prem- 
ised on  the  further  assumption  that  the  measurements  are  made  soon  after  the 
young  snakes  are  bom,  before  postnatal  differential  growth  has  become  important. 

In  the  previous  investigation,  the  shape  of  the  dispersion  curve  was  found  to  be 
approximately  normal  (1937.  p.  11).  .Assuming  a  iu)rmal  curve  and  a  (e)eflitient 
of  4  pet  (  Ciu,  we  max  visualize  the  extent  of  the  disjiei  sion  thus  dehned,  bv  taking, 
as  an  example,  a  brood  of  red  diamond  rattlers  (C.  r.  ruber)  averaging  30U  nim. 
(11.8  in.)  in  length.  In  such  a  brood,  about  half  the  little  rattlers  would  vary  be- 
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tween  292  and  308  mm.  (11.5  and  12.1  in.)  in  length,  and  90  per  cent  of  ihe  brood 
would  comprise  none  shorter  than  280  mm.  (11  in.)  or  longer  than  320  mm. 

(12.6  in.). 

When  we  groii])  y()un«;  i  alikis  liom  ditlciciU  mothers,  we  find  a  definite  iiu  1 1  asc 
in  variation,  as  compared  with  the  variation  in  a  single  brood.  The  increase  nsults 
from  a  variety  of  factors,  including  inheritance,*  differences  between  dates  of  birth 
and  measurement,  and  within-brood  variability  in  postnaul  growth.  Some  of  these 
factors  produce  different  within-brood  averages,  thus  increasing  the  group  varia- 
tion, even  though  the  within-brood  variation  remains  the  same.  For  example,  three 
large  broods  of  prairie  rattlesnakes  (C.  i'.  viridis),  born  within  a  period  of  four  days 
to  niotliers  from  the  same  place  in  South  Dakota,  averaged  274.8,  304.0,  and  319.2 
mm.  (10.8,  12.0,  and  12.G  in.)  respectively. 

'l  o  determine  the  extent  of  tlic  variation  produced  Ijy  grouped  IjrooUs,  studies 
were  made  of  four  groups,  two  of  which  were  calculated  in  the  prior  study — the 
Zacatecas  series  of  C.  m,  nigrescens  and  the  San  Patricio  series  of  C.  atrox  (1937, 
p.  10,  table  7) — ^whereas  the  other  two  were  computed  from  more  recently  acquired 
series  of  prairie  rattlesnakes  from  Bonesteel  and  Timber  Lake,  South  Dakou.  None 
of  the  little  snakes  had  been  fed.  The  coefficients  of  variation  were  found  to  be  as 
follows: 

Coefficient 

Series  Specimens         of  variation 

Zacatecas   82  5.26 

San  Patricio   139  5.12 

Bonesteel   79  5.15 

Timber  Lake   96  6.51 

The  expected  increase  above  the  within-brood  variation  is  apparent.  The  higher 
variation  of  tiic  Timber  Lake  scries,  as  compared  with  the  others,  was  profjaljly 
related  to  a  longer  iiiter\  al  between  birth  and  iiK  asurcnu  ni.  I  conclude  that  gr()U|)S 
formed  of  several  broods,  mixed  together  and  measured  soon  after  birth,  usually 
have  coefficients  somewhat  below  5.5  per  cent. 

The  next  stage  investigated  consisted  of  two  lots  of  young-of-the-year  captured 
at  the  dens  at  hibernating  time.  Both  lots— one  of  152  snakes,  the  other  of  229 — 
were  prairie  rattlers  (C.  v.  viridis).  Their  coefficients  of  variation  in  length  were 
7.9  and  8.7  per  cent,  respecti\  ely.  This  increase  from  the  5.5  pci  c  <  lu  of  the  pooled 
broods  may  be  attributed  largely  to  the  good  fortune — or  the  huk  of  it — experi- 
enced l)y  the  little  rattlers  in  the  iiitet\al  of  about  two  nioiuhs  l)etweeii  liirtlj 
and  lu'bernation.  Tlic  marked  effect  ol  lood  on  the  growth  of  young  rattlers  is 
quite  apparent  from  observations  oi  capti\e  young,  those  that  secure  food  soon 
outdistance  their  brothers  that  have  had  none.  Another  condition  tending  to 
increase  the  dispersion  in  size  in  the  young-of-the-year  at  the  dens  is  the  fact  that 
there  may  be  a  difference  of  as  much  as  two  or  three  weeks  between  the  dates  of 
their  births.  There  is  still  another  factor,  ho^\e\er,  that  should  have  a  contrary 
effect,  namely,  the  elimination  of  the  stunted  and  defective  young.  These  little 
creatures,  some  blind,  some  with  distorted  bodies,  arc  commonplace  among  captive- 
born  broods,  and  certainly,  if  present  in  wild  broods,  their  survival  must  be  brief. 

*■  R.  M.  Perkins  tby  leuer)  has  suggested  that,  in  any  subspecies,  the  young  snakes  in  the  smaller 
broods  average  longer  than  those  in  uie  larger  broods.  I  have  not  found  this  to  be  the  case,  although 
it  is  true  that  smafler  mothers  have  fewer  young  than  do  the  larger. 
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Subsc(|ucnt  to  tlicir  leaving  the  dens  in  tlieii  first  spring,  it  is  diUicult  to  segre- 
gate any  age-class  in  order  to  determine  the  nature  ol  the  dispersion.  Sexual  di- 
niorphisui  in  length  beeonu  s  inciea^ingly  iniporiani;  starting  with  a  male  supe- 
riority in  the  broods  oi  only  I  per  cent,  it  becomes  2  per  cent  or  more  at  the  dens 
and  probably  reaches  4  or  5  ])er  cent  by  the  following  summer.  From  this  time  on, 
the  males  continue  to  outgrow  the  females  until  a  male  superiority  in  length  of 
about  10  to  15  per  cent  is  ultimately  attained  in  the  adult  snakes.  Rattle  studies 
indicate  that  the  divergence  is  accentuated  after  the  age  at  which  the  snakes  attain 
their  seventh  rattle,  whieh  is  about  two  vears  in  the  rattlers  of  southern  California, 
and  somewhat  more  in  the  areas  where  the  snakes  have  shorter  growing  seasons. 

1  o  retiun  to  the  variation  among  raitlei  s  of  the  same  age-class.  I  slujuld  estimate 
that,  if  the  sexes  be  considered  separately,  latilers  at  the  age  of  8  months  to  a  year 
would  have  a  (»ei!ident  of  variation  in  length  of  10  to  12  per  cent,  probably  in- 
creasing to  15  per  cent  when  the  snakes  are  fully  mature.  This  presupposes  snakes 
from  a  single  area,  not  subject  to  different  ecological  effects.  Admittedly  these  are 
hypothetical  figures,  for  we  know  of  no  way  in  which  the  se\eral  age-classes  of 
rattlesnakes  o\ei  two  years  old  may  be  segregated,  many  of  the  larger,  faster- 
growing  individuals  ha\  ing  long  since  overhauled  and  passed  some  of  the  slower- 
growing  snakes  a  \ear  or  moie  older.  Kven  the  segregation  of  the  snakes  spending 
their  .second  winters  at  the  dens — at  an  age  of  about  Ui  months — Irom  their  fellows 
one  or  two  years  older,  is  not  possible  with  entire  accuracy,  although  those  having 
unbroken  rattle  strings  can  be  allocated  with  some  assurance. 

If  we  assume  a  15  per  cent  superiority  of  adult  males  in  length  and  a  15  per 
cent  coefficient  of  variation  w  ithin  each  sex,  it  may  be  of  some  interest  to  cast  these 
figures  into  the  more  practical  statistics  of  a  particular  snake  popidation.  Assume 
that  fullv  adidt  male  red  diamond  rattlers  (C.  r.  ruber)  in  northern  Baja  California* 
avci.ige  I'l'  teel  (')  I  iiulu-.s  longj.  I  lieu  tlie  average-  leniak-  measures  3  feet  II 
inches.  Half  the  males  will  range  between  1  feet  'i:  inch  and  1  feet  1  Ha  inches,  and 
half  the  females  from  3  feet  6  inches  to  4  feet  4  inches.  Ninety  per  cent  of  the  males 
should  fall  between  a  minimum  of  3  feet  inches,  and  a  maximum  of  5  feet  7% 
inches;  and  the  same  proportion  of  females  will  range  between  2  feet  11V6  inches, 
and  4  feet  10V&  inches.  It  is  interesting  to  note  that  under  this  theory  of  deviations 
from  the  a  \  i  rage,  about  one  rattler  out  of  every  100  adult  males  of  this  subspecies 
sliould  be  t)  iei  t  or  more  in  length;  however,  there  ^'^  evidence  that  the  extremes  do 
not  follow  the  normal  curve  and  1  claim  no  accuracy  lor  this  calculation. 

Growth  Curves 

Having  presented  data  in  terms  of  the  coefficient  of  variation,  to  indicate  the  extent 
to  which  individual  snakes  deviate  from  the  average  of  their  broods,  groups,  or 
age-classes,  I  shall  turn  now  to  the  growth  curve  of  the  hypothetical  average  rattle- 
snake. But  although  the  dispersions  that  I  have  given  in  terms  of  focffic  ients,  or 
percentages,  of  length  are  probably  ecjually  applicable  to  all  sul)speeies  ol  rattlers — 
provided  they  are  territorially  homogeneous — it  is  obvious  that  a  growth  cinve, 
that  is,  a  siatement  of  the  Uiigth  of  an  a\trage  rattlei  at  dilfeient  ages,  must  be 
dilfereiu  for  e\eiy  subspe  cies.  Indeed,  there  will  not  be  consistency  within  a  sub- 

'I  select  this  as  being  a  cuiiipaiattvcly  primitive  area  ivherc  the  larger  snakes  have  not  hcen 
killed  off  as  consisiently  as  in  San  Diego  County,  California. 
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species,  unless  it  occupies  a  particularly  unifonn  territory.  Under  these  circum- 
stances we  cannot  survey  the  entire  field,  but  must  restrict  our  studies  to  homo- 
geneous groups.  Two  of  these  ha\e  been  available  to  me  in  adequate  numbers  to 
permit  some  conclusions  it  spectini;  growth  rales — series  of  tlie  southern  Pacific 
rattler  (C.  v.  helleri)  and  oi  the  red  diamond  (C  r.  ruber)  ironi  ban  Diego  County, 
California. 

From  these  series,  scatter  diagrams  were  made  by  means  of  entering  each  speci- 
men as  a  single  point  on  the  diagram,  the  abscissa  representing  the  date  of  preser- 
vation, and  the  ordinate  the  length  of  the  snake  in  millimeters.*  If  the  rattle  string 
was  complete,  the  point  was  designated  by  the  numl)er  of  rattles  in  the  string;  if 

not,  by  a  cross.  The  sexes  were  distinguished  by  colors.  In  ihcse  scatter  dfno;rams 
certain  concentrations  of  the  points  into  /ones  were  at  once  evident,  paiiicularly 
loi  tlic  first  two  yeais  of  the  life  of  the  snakes.  Fiom  these,  average  trends  coiild  be 
deduced,  with  considerable  accuracy  up  to  the  second  hibernating  season,  and  more 
doubtfully  thereafter. 

Cirorvlh  of  the  SoutJurri  Parific  Rattlrsuohr  {C.  v.  hcMeri). — This  dcstription  of 
the  giowth  <  ur\e  (fig.  6.1)  of  tlie  southern  Pacific  rattlesnake  (C.  v.  helleri)  is  based 
on  829  specimens  from  .San  Dicgo  County,  California. 

Although  a  few  young  appear  as  early  as  the  first  of  September,  most  of  the  births 
in  this  territory  occur  after  September  15,  and  the  young-of-the-year  begin  to  be 
seen  on  the  roads  after  the  20tlL  While  the  size  at  birth  probably  averages  between 
275  and  280  mm.  (10%  to  1 1  in.),  most  of  the  young  found  in  the  wild  in  late  Sep- 
tember and  October  run  from  300  to  340  mm.  (II  %  to  1 3H  in.).  It  is  probable  that 
there  is  some  growth  resulting  from  the  absorption  of  the  egg  yolk,  as  young  rat- 
tlers aie  jKijied  up  with  this  lofxl  supply  wlu  n  horn.  Also,  there  is  an  early  ehmi- 
nation  of  defective  voung.  and  this  tends  to  increase  the  average  length,  for  many 
of  the  defectives  are  stunted.*  The  little  snakes  enter  their  first  hibernation  at  a 
length  of  about  350  mm.  (1394  in.).  Most  of  them  have  only  a  button,  although  a 
few — somewhat  less  than  20  per  cent — ^have  attained  their  second  rattle  segments. 

While  the  young  rattlers  in  this  area  are  to  be  found  oocasionaUy  roaming  about 
in  December.  January',  and  February,  they  are  definitely  less  plentiful  after  No- 
vember 15,  and  commonly  do  not  emerge  from  hibernation  until  about  March  10. 
At  this  time  they  continue  to  average  about  350  mm.  (13%  in.)  and  all  but  a  few 
still  ha\e  only  a  button. 

liy  mid-April  an  increased  divergence  in  size  becomes  apparent,  evidently  as  a 
result  of  success  or  failure  in  obtaining  food.  The  average  size  is  then  about  380 
mm.  (15  in.),  most  of  the  individuals  falling  between  310  and  460  mm.  (12%  and 

•These  studies  were  matlc  on  tlic  me.isnrcimnis  f)f  spcrimons  immrdiatrlv  after  being  killed, 
uhilo  still  limji  iliat  iIk\  mhiM  Ik-  laid  aI<MV4  ,i  iiilci.  ;md  ttiiis  iiicasnred  artuiatc-ly.  Spci linens 
already  stillcned  in  prcst'iv.itiM'  caunui  be  mcasuicil  so  aidnaicl);  antl  c%cn  when  they  <.im  Ik; 
straigHtened,  will  have  been  Mihjj  ctt'd  to  some  shrinkaRe,  which  stiulies  have  shown  to  l)c  ahnui 
2  per  ccnL  Skins  cannot  be  used  in  length  studies  as  they  involve  stretching  by  as  much  as  35 
per  cent,  thus  entatltn^  ppreat  inaccuracy.  Data  of  value  can  be  had  from  live  specfmens.  but  with 
sonic  h:i/;ii(l  Iioili  lo  ilic  snakes  and  to  tlic  invcstinatois.  It  will  usuallv  icr|uirr  two  persons  tO 
lomiol  a  snake,  lor  it  nnisi  Ik-  streltlicd  and  held  for  sc\eral  inomenls  innil  ilic  nuiseles  become 
tiled  and  r(  l.ixation  ensues.  Willi  some  expeiiencc,  Ii\c  specimens  can  lie  measured  uiili  an 
individual  accuracy  of  about  3  per  cent,  and  a  cumulative  accuracy  within  1  per  cent,  as  verified 
by  sample  p;roups  measured  first  alive  and  then  dead. 

*Thcre  is  evidenec  of  the  elimin.uinn  of  drviaiors  from  the  normal,  even  though  their  abnor- 
malities arc  apparcniiy  not  of  a  deuimcntal  characlci. 
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18  in.).  A  few  have  3  rattles,  but  the  majority  are  divided  evenly  between  those 
having  1  and  2.  (Youi^  rattlers  having  only  a  button  are  [ound  in  every  month 
of  the  year.  They  comprise  the  smallest  proportion  of  the  population  in  July  and 
August,  just  before  the  new  crop  appears;  but  they  are  present  in  considerable 
numbers  e\en  as  late  as  June.  W'hether  these  remaining;  single-rattle  young  were 
born,  as  were  most  of  their  class,  in  the  previous  September,  or  whether  some  are 
the  result  of  off-season  births  in  the  spring,  I  do  not  know.  few,  at  least,  are  from 
mountain  areas,  where  the  shorter  active  season  has  a  retarding  effect  on  growth.) 
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Fip.  6:1.  Growth  of  the  southern  Pacific  rattlcstiakc  iCroialn'^  vhidh  hellcri,  during  its  fir'it  t\^o 
years.  The  curve  for  the  last  half  year  is  applicable  only  to  males.  (The  numbers  indicate  the 
number  of  wgments  in  unbroken  rattle  Mringi.) 


In  May  the  average  length  of  the  young  of -the-ycar  is  about  400  mm.  (15%  in.) 
with  a  range  of  310  to  500  mm.  (12%  to  19%  in.).  Two-rattle  strings  predominate, 
but  there  are  many  ones  and  thxees,  with  an  occasional  four. 

By  June  the  mean  length  has  increased  to  430  mnL  (17  in.)  and  a  few  have  grown 
to  580  mm.  (22%  in.),  although  others  are  as  short  as  310  to  320  mm.  (12V4  to  12% 
in.).  Two-rattle  strings  remain  slightly  in  the  majority,  although  there  are  many 

threes  and  fours. 

In  July  tlie  average  length  exceeds  450  mm.  (17%  in.);  in  fact,  toward  the  end 
of  the  month  it  approaches  500  mm.  (19%  in.)  and  3  rattles  have  become  the  mode. 

£)  .\ugust  the  mean  is  a  full  500  mm.  (19%  in.),  and  in  September,  when  the 
snakes  are  one  year  old,  the  average  length  is  about  540  mm.  (21%  in.)  and  4  rattles 
are  the  mode.  Thus  the  average  increase  in  length  durii^  the  first  year  is  about 
94  per  cent.  The  snakes  go  into  hibernation  at  a  length  of  about  600  mm.  (23%  in.) 
and  usually  with  4  or  5  rattles,  the  latter  number  probably  predominating. 

In  the  succeeding  year  they  emerge  at  the  same  length  and  grow  to  700  mm. 
(27%  in.),  or  slightly  more,  by  June.  On  their  second  anniversaries,  in  September, 
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the  males  somewhat  exceed  800  mm.  (31%  in.),  but  the  females  do  not  average 
much  above  720  mm.  (28^^  in.).  J  hey  probably  enter  their  third  hibernation  but 
little  above  these  lengths,  and  would  have  8  or  9  rattles,  were  the  strings  complete, 
whicii  is  not  iisually  the  case. 

(>onij)ai  ini^  the  schedule  abo\  e  outlined  w  itli  that  pjcviously  publisiicd  (Klaubei , 
1937,  p.  IG,  fig.  3),  I  tiud  that  the  additional  specimens  accumulated  during  tlie 
past  10  years  have  caused  me  to  raise  slightly  (about  20  mm.  or  %  in.)  the  length 
attained  as  of  each  month,  but  to  retard,  by  about  a  month  or  so,  the  acquisition 
of  each  rattle.  Admittedly  the  data  for  the  second  full  growing  season  are  too 
me^r  to  afford  confidence  in  the  results;  I  consider  this  curve  to  be  less  assured 
than  that  of  the  subs|)(  i  it  s  that  follows,  as  far  as  the  trend  in  the  second  growing 
season  is  concerned.  As  to  the  third  lull  season,  I  have  data  leading  me  to  believe 
that  the  males  would  average  about  900  mm.  (35H>  in.)  in  June,  and  would  have  9 
or  1 0  I  attles,  were  the  strings  unbroken.  But  this  is  to  be  taken  only  as  a  preliminary 
estimate. 

Growth  of  the  Red  Diamond  Rattlesnake  (C.  r.  ruber). — The  following  summary 
describes  the  growth  of  the  red  diamond  rattler  based  on  a  scatter  diagram  of  219 
specimens  from  San  Diego  County,  California.  Data  arc  presented  for  the  first  2^^ 
years  of  the  snakes'  lives,  although  the  separation  of  the  age-classes  is  not  distinct 
enough  to  j)ernut  di  awins^  (ont  lusions  with  complete  assurance  beyond  one  year. 
The  results  arc  shown  ui  dgure  6:2. 

The  young  snakes  begin  to  appear  in  early  September,  although  most  broods 
are  probably  bom  in  the  latter  half  of  the  month.  They  average  about  300  mm. 
(11%  in.)  at  birth.  The  prebutton,  or  birth  rattle,  is  shed  about  7  to  10  days  after 
birth. 

By  mid-October  many,  if  not  most,  of  the  little  rattlers  have  obtained  food.  Some 
of  I  lie  weaklings  have  no  doubt  been  eliminated;  and,  partly  through  growth,  and 
in  part  resulting  from  the  failure  of  the  smallest  to  survive,  the  a\crage  length  has 
become  350  mm.  (LS^i  in.).  There  is  a  further  growth  to  about  .'^90  mm.  (15'4  in.) 
in  November.  A  lew  individuals  have  actjuired  their  second  rattle  segments  by 
November  ID,  but  it  is  probable  that  the  majority  enter  their  first  hibernation  with 
only  a  button. 

From  December  to  February,  inclusive,  too  few  specimens  are  captured  to  deter- 
mine any  growth  trends;  it  is  probable  that  almost  no  growth  takes  place  during 

these  monihs  when  the  snakes  remain  in  seclusion  except  on  especially  warm  days. 

In  .\Iar(  h — about  the  middle  of  the  month,  in  years  of  average  temperatures  and 
rainfall— the  little  rattlers  begin  to  appear,  but  they  do  not  become  really  plentiful 
until  luid-.April.  By  this  time  an  average  length  of  nearly  500  nun.  (19''i  in.)  has 
been  icatliccl.  It  is  apparent  that  many  of  the  snakes  shctl  upon  issuance  from 

hibernation,  for  2-rattle  strings  are  in  the  majority  in  March  and  early  April, 
although  stragglers  with  only  a  single  rattle  are  still  evident  until  mid-May. 

By  mid-April  the  average  length  has  exceeded  500  mm.  (19%  in.)  and  at  this 
time  the  snakes  enter  a  period  of  rapid  growth.  Toward  the  end  of  April,  3  rattles 
become  the  mode.  Some  sj)ecimcns  attain  a  length  of  600  mm.  in.)  at  this 

time,  and  few  have  failed  to  reach  at  least  450  mm.  (17%  in.).  The  smaller  indi- 
viduals still  have  only  2  rattles. 
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In  May  the  mean  length  has  increased  to  about  550  mm.  (21%  in.),  most  indi- 
viduals lallint^  l)(      t  il  150  and  (')50  mm.  (17%  and  25V-'  in.). 

The  first  snakes  with  1  rattles  appear  in  June,  although  'i-rattlc  strings  remain 
the  mode  during  this  month,  and  snakes  with  only  2  are  still  present  in  consider- 
able numbers.  The  average  length  is  close  to  560  mm.  (22  in.)  and  the  range  460 
to  670  mm.  (18  to  26H  in.). 

In  July,  with  omission  of  a  few  exceptional  spedmens,  the  range  in  sizes  is  &om 
500  to  700  mm.  (19%  to  27%  in.),  the  average  being  about  610  mm.  (24  in.).*  The 

K»0|  1  1  1  1  1  1  1  1  1  1  1  1 
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Fi(^.  6:2.  Growth  of  the  red  diamond  rattlesnake  (Crotalus  ruber  ruber)  during  its  first  two 

years  TIic  rui\c  for  last  half  \car  is  api)Iicablc  only  to  males.  (The  numbers  indicate  the  num- 
ber of  segments  in  unbroken  raule  strings.) 

lust  snakes  undoubtedly  o£  this  age-class  with  5  rattles  have  appeared,  and  strings 
with  1  are  in  the  majority. 

The  August  aven^  is  about  640  mm.  (25%  in.),  and  in  September  the  young 
snakes  have  reached  670  mm.  (26%  in.).  Thus,  by  the  time  they  are  one  year  old, 
they  have  somewhat  more  than  doubled  their  lengths.  During  the  preceding  active 
months  they  have  grown  at  a  rate  of  about  30  mm.  (1.2  in.)  per  month. 

From  this  point,  the  i^rowth  trends  ran  be  traced  only  with  mu(  h  less  assurance. 
It  is  belie\f(I  tli;it  the  snakes  <;()  into  their  second  wimei  seclusion  at  an  average 
len^ili  of  about  I'J.i)  nun.  (28'-  in.),  with  a  vari;ition  ol  most  s|K'tiniens  between 
610  and  830  mm.  (21  to  .)2  -i  in.),  and  that  5  rattles  arc  the  mode. 

In  the  following  spring  the  average  length  increases  to  750  mm.  (29%  in.)  and  6 
rattles  become  the  prevailing  number  by  June,  at  the  latest  From  this  time  on, 
incomplete  strings  become  more  prevalent.  I  judge  that  these  young  rattlers  reach 

*.'\s  a  partial  confii  ination  of  this  figure  it  may  be  noted  that  the  slightly  smaller  San  Lucan 
diamond  rattler  (C.  r.  lucasensis)  at  this  age  average  550  mm.  (21%  in.). 
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their  second  birthdays  with  an  average  length  of  about  870  mm.  (Sili  in.)  and 
with  7  or  8  rattles.  Sexual  dimorphism  lias  become  accentuated,  the  males  exceed- 
ing tlic  females  in  leni^th  by  at  least  10  jki  cent.  It  is  my  opinion  that  they  retreat 
into  tlu  ii  third  hibernation  with  the  males  aveiaging  about  UiO  mm.  ('{7  in.)  and 
the  iemales  850  mm.  (33 in.).  By  early  next  spring  the\  have  gained  about  lia  mm. 
(1  in.)  and  9  rattles  have  become  the  mode,  although  some  individuals  may  have 
as  many  as  1 1  and  others  as  few  as  5.  Less  than  half  the  specimens  at  this  age  have 
complete  strings. 

From  this  point  on  it  is  impossible  to  trace  the  growth,  for  the  scattering  makes 
the  segreg.irion  of  the  age-classes  impossible.  The  final  length  attained  is  hard  to 
judge;  males  1,300  mm.  (51  in.)  long  are  not  exceptional  in  primitive  areas. 

In  interpreting  tlic  se  data  on  the  growth  ol  l  attlesnakes  din  ing  their  first  two 
years  of  life,  no  one  should  expect  every  Jicllcn  or  ruber  found  in  San  Diego  County 
to  fall  close  to  these  age-length  trend  lines.  1  have  ahead)  called  attention  to  the 
extent  of  the  deviations  from  these  averages.  Not  only  will  discrepancies  in  length 
at  specific  dates  be  found,  but  variations  in  the  number  of  rattles  as  well— discrep- 
ancies both  in  the  length  at  which  a  snake  attains  a  particular  rattle  (in  terms  of 
its  serial  number  in  a  complete  string),  and  also  the  month  of  the  year  in  which 
that  rattle  is  attained.  For  there  are  dispersions  in  these  rattle  relationships  as  well 
as  in  the  correlation  of  length  with  age  (see  p.  314). 

Validity  of  Growth  Trends, — ^The  question  may  well  be  asked  as  to  the  general 
accuracy  of  these  growth  statistics — ^particularly  whether  there  is  any  possibility  of 
my  having  crowded  three  years  of  actual  growth  into  what  I  have  interpreted  as 
being  only  two  years.  A.  M,  Jackley,  for  example,  believed  that  rattlers  emerge 
from  their  second  hibernation  (at  an  age  of  about  21  months)  with  1  rattles  and 
enter  their  third  hibernation  (age  about  27  months)  with  only  5.  But  I  find  with 
respect  to  l)oth  the  large  .series  of  piairic  rattlers  (C.  i>.  viridis)  collected  at  hiber- 
nating time  at  Platteville.  Colorado,  and  at  Pierre,  South  Dakota,  tliat  tlie  heavy 
concentration  of  individuals — among  those  having  unbroken  strings — with  .')  rat- 
tles proves,  without  question,  that  they  are  representative  of  the  next  age-class 
beyond  those  with  1  and  2,  which,  from  their  size,  can  only  be  young-of-the-year. 
Should  I  have  exaggerated  the  rate  of  growth  during  the  first  full  year  of  activity, 
an  intermediate  class  woidd  be  present,  represented  by  snakes  having  3  rattles  at 
the  time  of  their  second  hibernation.  Yet  snakes  with  3  rattles  at  this  time  of  year 
are  virtually  nonexistent.  Similarly,  snakes  of  an  appropriate  length  to  fill  the 
recjuirement  of  an  intermediate  age-class  aie  absctit.  I'or  example,  in  the  Platte- 
ville series  sue  h  an  intermediate  class — between  the  obvious  youug-of-the-year  and 
those  centering  in  the  5-rattle  class— would  have  a  length  at  hibernation  time  of 
about  420  mm.  (16%  in.).  Yet,  in  this  aeries,  out  of  858  rattlers  taken  at  the  hiber- 
nating dens,  only  8  snakes  fall  in  the  range  of  370  to  480  mm.  (14%  to  19  in.);  and 
there  were  only  19  specimens  between  350  and  510  mm.  (13%  and  20  in.).  This 
gap  can  be  interpreted  only  as  one  between  age-classes;  and  there  is  no  alternative 
to  the  conclusion  that  these  Platteville  prairie  rattlers  enter  their  second  hiberna- 
tion with  a  mode  of  5-rattle  strings,  just  as  do  the  snakes  of  San  Diego  County. 
Figure  0:3  shows  tlic  population  distribution  to  which  reference  has  been  made, 
with  the  gap  clear!)  e\  ident. 
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These  statistics  have  been  used  merely  to  indicate  that  I  have  not  completely 
overlooked  an  intermediate  age-class;  they  should  not  be  taken  as  proof  that  the 
South  Dakota  or  Colorado  snakes  grow  as  fast — in  terms  of  the  percentage  of  full 
adult  size — as  the  rattlers  of  San  Diego.  On  the  contrary,  the  shorter  growing  sea- 
son cannot  but  have  some  effect;  and  there  are  indications  that  the  South  Dakota 
snakes,  although  they  shed  as  frequently  as  the  San  Diego  snakes,  at  least  up  to  their 
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Fig.  G:3.  Distribution  of  a  snakc-dcn  population  by  size  and  sex,  as  found  in  a  series  of  prairie 
rattlesnakes  (C.  v.  viridis)  from  Plaiievillc,  Colorado.  The  .series  included  459  males  and  399 
females,  total  858  snakes.  (The  figures  at  the  tops  of  Uic  columns  indicate  the  percentage  of  males 
in  each  size  class.) 


second  hibernation,  may  gain  a  smaller  proportion  of  their  ultimate  lengths  during 
their  first  two  years  of  life  than  the  San  Diegans,  and  may  average  2,  rather  than  3, 
sheddings  during  their  second  active  season. 

Aside  from  the  statistics  discussed  above,  the  most  complete  studies  on  the  growth 
of  the  rattlesnake  thus  far  made  available,  have  been  those  of  Fitch  and  Glading 
(1947,  p.  103)  and  Fitch  (1949a,  p.  519).  These  were  made  on  the  northern  Pacific 
rattler  (C.  ik  oreganus)  on  the  .San  Joatjuin  Experimental  Range  in  Madera  County, 
California.  They  involved  an  extensive  and  painstaking  program  of  measurement, 
relea.sc,  and  recapture.  .ALlthough  the  data  are  not  exactly  comparable  with  the 
helleri  averages  that  1  have  set  forth,  the  general  conclusion  indicates  a  somewhat 
slower  relative  growth  and  frequency  of  rattle  acquisitions  than  the  difference  in 
the  lengths  of  the  growing  seasons  in  Madera  and  San  Diego  counties  might  lead 
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one  to  expect.  However,  it  is  to  be  noted  that  most  of  the  specimens  captured, 
before  being  released,  were  palpcd  to  asart;iin  tlie  stomach  contents.  With  so 
nervous  a  creature  as  a  rattlesnake,  this  probably  had  some  effect,  at  least  for  a 
time,  oil  feeding  and  growth,  as  admitted  by  Fitch  and  Glading  (1917,  p.  118)  and 
Fitch  (l*Jl9a,  \).  531).  It  is  lemarkablc  thai  two  of  the  yning  snakes  they  captured 
(p.  115  and  p.  531)  showed  neither  growth  nor  shedding  during  an  interval  ot  about 
a  year.  Another  shed  twice  but  failed  to  gain  in  either  length  or  weight  in  a  year. 
The  authors  attribute  instances  of  this  kind  to  a  failure  to  obtain  food,  and  pre- 
sume that  such  individuals  are  destined  to  early  elimination.  It  is  obvious  that, 
with  my  method  of  determining  growth  curves  by  averages,  such  individuals  as 
these  would  be  improperly  allocated;  and,  if  they  are  present  in  any  great  numbers 
in  a  rattlesnake  pojiulation.  would  seriously  distort  my  results. 

Another  siutiy  of  growth  in  the  rattlesnake  is  that  of  lleyrend  and  Call  (19r)l, 
p.  28)  made  on  the  Great  liasin  rattler  {^C.  v.  lutosus)  in  the  vicinity  ot  Salt  Lake 
City,  Utah.  As  might  be  expected  in  an  area  with  a  more  severe  climate  and  shorter 
growing  season  than  southern  California,  smaller  annual  increments  in  length 
were  evident  than  in  the  subspecies  C.  v.  helleri  in  San  Diego  County. 

Such  data  on  growth  as  we  have  been  able  to  secure  from  captive  specimens  at 
the  San  Diego  Zoo  tend  to  confirm  the  size-time  statistics  that  I  have  given  for  San 
Diego  County  helleri  and  ruber;  at  least  there  is  no  indication  that  the  rate  of 
growth  has  been  exaggerated  by  our  entirely  overlooking  an  age-class. 

It  is  1)(  lie\('d  that  rattlers  are  s(  xually  inaiure  and  mate  for  the  first  time  after 
issuing  fioui  their  third  lubcruatiou,  at  an  age  ot  about  2Va  years.  In  the  southern 
areas,  where  annual  broods  are  the  rule,  the  females  would  then  have  their  first 
young  at  the  age  of  three  years;  but  in  the  north,  where  they  cannot  be  brought 
to  term  in  a  single  growing  season,  the  earliest  young  would  not  be  born  until 
their  mother's  fourth  birthday,  and  probably,  in  some  cases,  not  until  the  fifth.* 
At  the  San  Diego  Zoo,  two  females  that  had  mated  in  the  wild  gave  birth  to  young 
when  their  rattles  comj)rised  unbroken  strings  of  9.  This  would  tend  to  verify 
their  having  their  first  broods  on  their  own  third  anniversaries. 

1  he  extent  to  wlii(  h  the  growth  trends  evident  in  the  San  Diego  County  helleri 
and  ruber  apply  to  other  subsjiecies  of  rattlesnakes  can  only  be  surmised.  No  doubt 
most  southern  species  approximately  double  their  lengths  during  their  first  year 
of  life.*  In  each  rattlesnake  subspecies,  the  largest  males  eventually  attain  a  length 
of  from  yjk  to  5  times  their  lei^hs  at  birth.  The  lower  figure  applies  to  the  small- 
est species  and  the  higher  to  the  lai^st;  put  in  other  avoids,  it  maN  be  stated  that 
the  smaller  species  of  rattlesnakes  arc  proportionatelv  larger  at  birth  than  the 
larger  species,  as  set  forth  in  another  chapter  (p.  171).  1  he  same  is  wuv  of  Mih- 
species;  stuntetl  rares  \\rv  proportionatelv  not  as  small  at  birth,  coiujiaied  to  their 
fuU-si/.cd  relatives,  as  ai  iiiaiiirily,  .Sluiiliiig  is,  in  part  thtrilorc,  cfTcttcd  in  the 

postnatal  stage  and  is  not  the  result  of  a  uniform  reduction  from  fertilized  egg  to 
maturity. 

Some  idea  of  the  factors  related  to  subspecific  differences  in  growth  and  ultimate 

*Vols0e  (1944.  p.  35)  found  that  the  males  of  the  Futojxan  viper  (Vipera  bents)  in  Denmark 
produce  sperm  at  an  age  of  4^  years  and  the  females  fust  liave  young  at  5  yean. 
'Imler  (1945.  p.  267)  found  that  the  bull  snakes  (Pituophis  eatenifer  sayi)  of  Nebraska  approxt- 

mniclv  tioublcd  in  length  during  (heir  first  vcar.  Data  on  growth  in  Other  genera  will  be  found  in 
nianchard  and  Finslcr  (1933,  p.  344)  and  Vois0e  (1944.  p.  34). 


Copyrighted  material 


SS6       Bodily  Functions 

si/c  may  be  giiincd  Ironi  noting  the  ccologicil  diflcn  iiccs  obtaining  in  sonic  of  the 
areas  in  uliicli  it  hiietl  lornis  of  dillcieni  vi/es  occur.  It  is  apparent  that  tlie  food 
supply  and  the  lent* ill  of  the  growing  sca>>on  are  the  most  important  influences.  1  lie 
largest  rattlers  occur  in  areas  where  suitable  food  is  plentiful,  both  for  the  young 
and  adults,  and  where  the  grow  ing  season  is  relatively  long,  for  the  outstanding 
species  are  the  eastern  diamondback  (C.  adamantetis),  the  western  diamond 
(C.  atrox),  the  canebrake  (C.  h.  atricaudatuf),  the  Central  American  rattler  (C.  d. 
durissus)t  and  the  Mexican  west-coast  rattler  (C.  b,  hasiliscus).  All  of  these  occur 
in  favorable  situations  in  our  southern  states  or  Mexico.  Similarly,  the  largest 
subsj)e(  ies  of  |)olytypic,  witle-rau^ing  s])e(  ies  are  found  in  the  most  tavorable  aieas. 
For  example,  the  canebrake  rattler  is  laigei  than  its  less  fa\i)rabl\  situated  relative, 
the  limber  rattler  (C.  //.  hoyndusy,  and  die  wcsiciii  diamond  (C  atrox)  grows  to 
a  larger  size  in  Texas  than  in  more  arid  areas  farther  west.  Most  mountain  species 
of  rattlesnakes — C.  pricei,  C.  triseriatns,  C.  intermedins,  and  C.  willardi,  for  ex- 
ample— ^are  notably  small;  and  species  that  range  from  lowlands  into  the  moun- 
tains arc  generally  of  reduced  size  at  the  higher  elevations.  This  is  true  of  the 
various  subspecies  of  the  western  rattlesnake  (C.  viridis). 

I  he  Mojavc  Desert  sidewinder  (C.  r.  crrnstrs)  is  smaller  than  its  Colorado  Desert 
relati\e  (C.  r.  Uilcrorcpt'tis);  this  nia\  In  (oiiclated  with  a  shortei  grtnsini;  season. 
But  the  smulliiess  of  tlie  Arizona  prairie  raiiler  (C.  v,  nunlius),  ccnuparcd  to  the 
prairie  rattlers  (C.  v.  viridis)  from  farther  east  and  north  may  be  the  effect  of  a 
reduced  food  sup})l\  rather  than  a  climatic  difference.  In  suggesting  the  correlations 
of  these  factors  with  size,  I  am  not,  of  course,  implying  a  direct  Lamarckian  result; 
rather,  I  wish  to  indicate  that  small  size  may  be  the  result  of  natural-selection  trends 
where  food  supply  and  temperature-mass  relationships  give  the  smaller  individuals 
a  comj)etili\e  ad\antage. 

.-Vlihi )ii<;h  these  dillerences  in  ccolog\  may  explain  some  ot  the  \ariati()ns  in 
rattlesnake  size,  particularly  within  a  single  species,  they  are  far  from  explaining 
all  the  differences  that  exist  among  rattlesnake  species.  For  example,  the  laigest  of 
all  rattlesnakes,  the  eastern  diamondback  (C.  adamanteus),  has  a  range  almost 
coincident  with  one  of  the  smallest,  the  pigmy  rattler  (5.  miliaritts).  Thus  similar 
ecologit  al  conditions  have  produced,  or  at  least  have  proved  quite  satisfactory  for, 
entirely  different  creatures,  speaking  in  tcnns  of  size. 

Tslan{|  sid)sj)e(  ies  are  usuallv  small;  this  mav  sometimes  be  explained  in  part  by 
unla\()i  al)le  ( limate  or  food  su|)j)lv,  but  not  always.  Piobably  the  (^oronado  Island 
rattler  (C.  v.  cali^^inis)  is  stunied,  compared  to  its  mainland  relative,  the  southern 
Pacific  rattler  (C.  v.  hellcri),  because  the  climate  of  the  island  on  which  it  lives  is 
unfavorable,  fog-enshrouded  as  it  is  for  weeks  at  a  time;  and  the  same  reasoning 
may  explain  the  relationship  between  the  Cedros  Island  rattler  (C.  exsuJ)  and  the 
mainland  red  diamond  (C.  r.  ruber)  from  which  it  was  originally  derived.  But 
these  simple  and  logical  reasons  fail  to  explain  why  the  red  diamond  rattlers  (C.  r. 
rulx-r)  of  Angel  de  la  Guarda  Island  are  smaller  lliati  their  mainland  relatives, 
whereas  the  speckled  rattlers  (C.  m.  pyrrhus)  on  the  same  island  are  larger  than 
those  on  the  mainland. 

.Simil  II  dillerences  are  evident  in  Other  genera  of  snakes.  Vols0e  (1944,  p.  38)  has 

■Alien  ami  N'cill  (1950c,  p.  33)  believe  this  sul)spLxies  to  allain  a  lenglli  ot  .'>  tcct  at  the  age  of 
Syean. 
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'     discussed  corresponding  variations  among  the  European  vipen  {Vipera  berus). 
Stradling  (1881,  p.  148)  claimed  that  snakes  from  England  grew  to  larger  than 

natural  size  when  removed  to  the  tropics,  but  it  may  well  have  boon  that  the 
I      changes  observed  resulted  irom  the  other  modified  conditions  incident  to  captivity. 

Weight 

In  the  paper  devoted  to  studies  of  growth,  to  which  reference  has  repeatedly  been 
made  (Klauber,  1957),  although  most  of  the  data  considered  growth  in  terms  of 
length  over-all,  certain  correlations  between  length  and  weight  were  also  estab- 
lished (p.  41).  The  purpose  of  the  study  was  to  develop  the  mathematical  nature 

of  the  relatioiishii),  that  is,  the  character  of  the  average  length-weight  regression 
curve;  the  cxtcni  ot  the  d('\  intions  ol  individual  specimens  from  that  curve;  and, 
finally,  the  extent  ol  sexual  diinoi  phisni. 

It  was  found  j>ossible  to  attain  consistent  solutions  of  these  problems  when 
adequate  series  of  specimens  representing  homogeneous  groups  were  available. 
Live,  or  freshly  killed,  snakes  were  found  necessary,  as  preserved  material  produced 
completely  undependable  results  because  of  the  effect  of  preservation  on  weight. 
Series  representing  all  ages  yielded  the  most  trustworthy  trend  lines.  Snakes  fresh 
from  the  wild  were  used  wherever  possil)le,  to  avoid  the  uncertain  effects  of  cap- 
tivity on  the  feeding  sc  hedules  and  iIuk  fore  on  normal  weight. 

The  regression  curve  of  \vcight  on  k  ngtli  for  rattlesnakes  was  found  to  adhere 
to  the  form  ]V  =  CL'',  where  IT  is  the  weight,  L  the  length  over-all,  and  C  and  I* 
are  constants,  although  having  different  values  for  each  of  the  several  species 
investigated.  This  form  of  curve  is  to  be  expected  in  regression  lines  of  weight  on 
length.  It  is,  fortunately,  an  easy  form  to  investigate  graphically  since  it  reduces  to 
a  straight  line  on  log-log  coordinates. 

Combining  the  sexes,  I  have  found  that  the  two  forms  for  which  the  most  exten- 
sive series  were  available — the  western  (b'amond  rattler,  C.  ntrox,  and  the  related 
diainondbacks,  such  as  C.  r.  ruber:  and  the  western  raitlcr,  C.  viridis,  and  its  sub- 
species— adhered  lathcr  closely  to  the  equation  II'  =  550L'  -',  where  W  is  expressed 
in  grams  and  L  in  meters. 

The  fact  that  the  exponent  in  the  equation  exceeds  3  indicates  that  these  rattle- 
snakes do  not  retain  a  constant  body  shape,  assuming  no  change  in  specific  gravity, 
but  become  somewhat  heavier-bodied  or  stouter  with  age. 

In  order  that  the  relationship  between  length  and  weight,  as  specified  by  diis 
equation,  may  be  more  clearly  understood,  table  6:1  is  presented,  showing  the 
weights  at  various  arbitral  ily  selected  lengths. 

The  outstanding  feature  of  these  tables  is  the  rapid  increase  in  weight,  for 
proportionately  small  increases  in  length,  as  the  larger  sizes  are  appioac  hed.  A 
6-loot  rattlesnake  is  seen  to  be  almost  twice  as  large,  in  terms  of  weight,  as  a 
5-footer. 

In  addition  to  the  tables,  the  relationship  implied  in  the  equation  W = 550L''*  is 
also  set  forth  in  figure  6:4,  from  which  the  weight  at  any  length  can  be  readily 
determined. 

The  generalized  curves  applicable  to  C.  nlrox,  C.  -i'iridis,  and  their  close  relatives 
were  found  not  to  represent  some  species  of  rattlers,  which  differed  significantly 
from  these  in  body  proportions.  The  most  conspicuous  variant  was  C.  cerastes. 


Copyrighted  material 


338       Bodily  Functions 


which  was  (oimd  to  follow  ihc  regression  line  W  =  9?)0L  indiratini^  a  thicker, 
hea\ i(  1  hoditd  snake  than  the  others.  No  doubt  studies  oi  otiier  species  would 
develop  similar  dilfeientes. 

These  equations  correlating  rattlesnake  weights  with  lengths  are  of  interest  as 
indicating  averages,  but,  of  course,  it  is  to  be  expected  that  there  is  a  considerable 
variability  in  individuals — that  is  to  say,  not  all  rattlesnakes  of  a  given  species  at  a 
specific  length  (4-foot  red  diamonds,  for  example)  weigh  the  same.  My  studies 
indicated  a  virtually  constant  percentage  of  deviation  from  the  regression  line 
througliout  life  and  that  cross  sections  of  the  dispersion  surface  are  normal  curves, 
with  a  standard  error  of  estimate  at  any  length  ol  about  18  per  cent.  From  iliis  it 


TABLE  6:1 

APPROXmATB  RbLATIONSHIP  between  Length  and  WbiQHT  in  ItATTLE8NAXB6 


Metric  ineitsurc 

Engliah  measun 

Length, 

Waisht. 
fnuns 

Lsncth, 

Weight 

■DDI. 

feet 

Pounds 

Ouneea 

2S0 

6.7 

1 

U.4 

300 

10.4 

VA 

15 

350 

17.2 

2 

3  8 

4(M) 

26.8 

2H 

7.9 

500 

57.2 

3 

14.5 

700 

170 

4 

2 

5.0 

1,(XX) 

5.50 

5 

4 

14 

1,500 

2,096 

6 

8 

14 

2.000 

5,417 

7 

14 

13 

2,500 

11.310 

8 

28 

0 

may  be  deduced  that  half  the  rattlesnakes  of  a  given  length  will  be  no  more  than 
12  per  cent  heavier  or  12  per  cent  lighter  than  the  average  weight  for  that  length, 
as  determined  from  the  curve;  and  that  90  per  cent  will  differ  from  the  average  by 

no  more  than  23  per  cent.  The  correlations  between  length  and  weight  were  set 
fortli  in  another  study,  in  terms  of  the  coefficient  of  correlation  (Kiauber,  1945, 
p. 

.Sexual  dimoi  phism  in  w(  i'^hf  was  .also  invesiii^^ated.  It  was  louud  ihat  both 
constants,  the  toellicicnt  oi  C  and  the  exponent  r  in  the  equation  11  CL'',  were 
higher  for  the  females  than  the  males.  This  means  that  the  adult  females  are 
heavier  than  the  males  of  similar  length;  the  difference  in  favor  of  the  females  was 
found  to  be  about  20  per  cent  at  their  full  growth.  However,  it  must  be  remembered 
that  adult  m.ilcs  in  most  species  readi  lengths  up  to  15  per  cent  greater  than  the 
longest  females.  This  t^reater  length  more  than  compensates  for  the  somewhat 
stouter  habitus  f)f  the  h  iiiak  s.  so  that  the  heaviest  rattlesnakes  are  males. 

Studies  wcic  made-  <!l  llie  I'iene  and  IMaIte\  ille  series  of  j)iaii  ic  i.Utlt  su.ikes 
(C.  V.  viridis)  before  the  beginning  and  after  the  end  of  hibernaii(»u,  and  ilie  con- 
clusion was  drawn  that  the  adults  lose  about  4  per  cent  in  weight  during  hiberna- 
tion, and  juveniles  about  20  per  cent.  There  is  virtually  no  increase  in  length 
during  this  period  of  seclusion. 
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A  scatter  diagram  showing  the  length-weight  relationships  of  female  northern 
Pacific  rattlesnakes  (C.  c.  oreganus)  will  be  found  in  Fitch  and  Glading,  1917, 
p.  1 18.  Their  snakes  are  found,  on  the  a\erage,  to  l)e  somewhat  heavier  for  a  given 
length  than  the  j)rairic  rattlers  {('.  r>.  vlriffis)  trom  which  my  curves  were  cUcluced. 
Filch  (1919a,  p.  522)  has  discussed  the  \ariations  in  the  weights  of  individual  snakes 
after  successive  releases  and  recaptures.  He  found  their  weights  to  fluctuate  in  an 
irregular  and  unpredictable  manner.  Handling  seemed  to  have  an  adverse  effect. 
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Fig.  6:4.  Approximate  relationship  between  the  over-all  len^^th  and  the  weight  of 
western  diamond  rattlesnakes  (C.  atrox)  and  western  rattlesnakes  (C.  viridis). 


especially  on  the  young.  A  young  female  captured  six  times  within  a  two-month 
period  lost  almost  half  its  weight* 

LONGEVriY 

Such  data  as  we  have  on  the  that  rattlesnakes  attain  must  come  from  observa^ 
tions  of  captive  snakes,  for  no  program  of  field  observations  by  capture  and  release 
has  reached  such  a  duration  as  to  encompass  the  probable  normal  life  of  rattle* 

snakes. 

Some  oi  tlie  records  cited  in  the  literature  are  as  follows:  Say  (1S19,  p.  263) 
mentions  a  timber  rattler  (C  //.  Iiorridus)  that  had  been  in  captivity  10  years  at 
the  time  of  its  death.  Holbrook  (1842,  vol.  p.  15)  states  that  a  female  of  the  same 
species,  which  was  at  least  a  young  adult  when  first  caught,  lived  14  years  in 
captivity.  Ditman  (1919,  p.  G3)  had  an  eastern  diamondback  (C.  adamanteus)  that 
lived  13  years  and  then  died  of  an  injury.  Flower  (1925,  p.  977;  19S7,  p.  S5),  who 
compiled  many  records  of  the  lives  of  animals  in  captivity,  repeats  Ditmars' record 
as  the  longest  rattlesnake  life  known  to  him.  I  he  record  at  the  London  Zoo — lield 
by  a  rattler  of  the  same  sjiecies  -was  somewhat  umler  1 1  years.  Brimlcy  (HH2,  p.  19: 
Davis  and  Brimley,  1941,  p.  8")  mentions  another  eastern  diamondback  irom 
Onslow  County,  North  Carolina,  that  lived  in  the  state  museum  for  14  years  and 

*AUhuugh  the  two  statements  do  not  agree  exactly,  I  was  advised  by  Di.  Brimley  that  they 
refer  to  the  same  snake. 
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9  months.  It  was  adult  when  received,  and  was  4  feet  9  inches  long  at  the  time  of  its 

death.  Loewen  (1917,  p.  53)  tells  of  keeping  a  massasauga  (S.  catenatus)  in  captivity 

for  4  clays  less  than  14  years.  It  was  about  a  year  old  when  caught. 

.\t  the  San  Diego  Zoo,  20  rattlers  have  lived  in  captivitv  Im  10  vcars  or  more,  as 
shown  in  the  accompanying  table.  It  will  be  observed  that  two  western  dianiontls 
(C.  atrox)  were  still  alive  after  18  years  in  caj)iiivity,  the  longest-lived  captive  rattle- 
snakes known  up  to  tliis  time.  One  of  these  snakes  was  an  adult  when  received,  so 
that  it  was  still  alive  at  an  age  of  not  less  than  21  years. 

TABLE  6:2 

List  of  R.\ttlesxake8  at  the  San  Dikgo  Zoo  That  Have  Lived  Moke  than  10  Years 


•C. 

•c. 
« c. 
» c. 
c. 

•  c. 
•c. 

c. 
c. 
c. 

•  c. 
c. 
c. 
c. 
c. 

•  c. 
c. 

•  c. 
»c. 

c. 


adamanteua  

atrox  

niroT  

atrox  

h.  ba&Ui»eu9. . . 
e.  laterorepena . 
c.  laterorepens 
h.  horridua .... 

k.  korridus  

m.  pi/rrhus. , , . 

r.  rtAer  

r.  ruber  

r.  ruber  

r.  ruber  

r.  rttber  

toriugenaia  

unieolor  

V.  hellen'  


V.  viridis. 
V.  virUiB. 


Months 


6 

0 
0 
7 
1 
1 
1 
7 
11 
9 
3 
2 
3 
1 
1 
2 
6 
3 
7 
2 


■  Still  alive  un  June  12.  1954.  As  of  October  12,  IC5S,  the  serond  and  tbird  «(maiid  the  aiatnantem,  ruber,  keUtH, 
utd  •Arjrfit  war*  still  alive,  m»  that  1  srear  and  4  montlu  may  be  added  to  their  noordt  in  the  table. 

Comparisons  between  the  Ionge\  ity  of  rattlers  and  other  genera  of  snakes  will 
be  found  in  Perkins,  1948.  p.  217;  1949b.  p.  223;  1950b.  p.  2S8;  1951a.  p.  182;  1952. 
p.  280;  1953.  p.  243;  1954.  p.  229;  and  1955.  p.  262. 

From  these  data.  I  should  presume  that  rattlesnakes  in  the  wild  occasionally 
attain  an  age  in  excess  of  20  years.  Fitch  (1949a,  p.  538)  in  his  study  of  the  northern 
Pacific  rattler,  based  on  marked  and  recaptured  snakes  in  the  wild,  reached  the 
conclusion  that  these  rat  tiers  occasionally  attain  an  age  of  20  years,  longer  than 
either  its  prey  or  its  competitive  mannnal  and  bird  predators. 

Much  that  is  mythical  has  been  published  on  the  growth  and  longevity  of  snakes, 
rattlers  included.  Some  of  these  ideas  have  evolved  from  certain  ancient  myths  as 
to  the  great  age  that  snakes  attain  because  they  are  thou^t  to  renew  their  youth 
when  they  shed  their  skins.  A  common  figure  in  these  myths  is  1,000  years  (Jayakar, 
1906-8,  vol.  1,  pp.  56, 634;  Fayrer,  1802.  p.  108;  Corkill,  1932a,  p.  609).  Others  stem 
from  dual  nivths  concerning  some  of  the  long  strings  of  rattles  which  rattlers  are 
said  to  acquire,  together  with  the  rattle-a-year  theory.  This,  for  example,  explains 
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Bosc's  statement  (1803,  p.  552)  to  the  effect  that  laitlesnakes  attain  an  age  of  40  to 
50  years.  Meek  (1946,  p.  252)  has  absolutely  no  basis,  beyond  hearsay,  for  his  claim 

of  a  diamontlback  60  years  old. 

Ingcisoll  (IH83a,  j).  36)  expressed  the  opinion  that  rattlesnakes  mature  in  a  single 
year,  which  has  been  shown  to  be  contrary  to  fact. 

LIFE  PERSISTENCE  AND  FRAILTY 

It  is  popularly  supjxjscd  that  snakes  rattlers  included — arc  highly  tenacious  of 
life.  1  his  belief  is  no  doubt  louiuled  on  the  persistence  of  reflex  body  movements 
that  continue  long  after  a  snake  has  been  fatally  injured,  or  even  decajjitnted. 

Probably  the  earliest  statement  as  to  tlie  jjc  rsistencc  of  life  in  the  i:iitlesnake  was 
made  by  Hernandez  (1615,  fol.  192';  1628  and  1631,  p.  329;  repeated  by  Nierem- 
berg,  1635,  p.  269,  and  Jonstonus,  1653,  p.  27),  who  reported  that  the  head,  if  cut 
off,  would  live  for  10  days  or  more.  But  such  a  thecnry,  as  applied  to  other  snakes, 
is  much  older.  Damiri,  the  Arabian  naturalist,  writing  in  the  late  fourteenth 
century  (Jayakar  s  translation,  1906-8,  vol.  1,  p.  57),  stated  that  if  a  viper  be 
killed,  the  body  will  wriggle  for  ?>  days;  and  the  myth  that  an  injiued  snake  cannot 
die  before  sundown  is  both  old  and  widespread.  This  was  atti  ibiitcd  sjx x  ifically  to 
rattlesnakes  as  early  as  1722  (Beverly,  p.  2()5).  According  to  liosr  (KS():i,  p.  f)')-^), 
Tisson  dissected  a  rattlesnake  that  lived  lor  several  davs  alter  being  virtually 
eviscerated.'  .Stories  ol  decapiiaied  snakes  that  lived  several  days  were  heard  until 
quite  recently  (e.g.,  Lewis,  1874,  p.  265).  Lewis  also  reported  that  a  decapitated 
rattler  would  retain  the  ability  to  strike  for  several  hours. 

Although  these  are  exaggerations,  it  is  true  that  there  is  a  surprisingly  long 
continuance  of  body  movement  in  a  decapitated  snake,  and  that  it  is  dangerous  to 
handle  the  head  of  a  venomous  snake  for  some  time  after  it  has  been  separated 
from  the  body.  Beverly  (1722.  p.  2(iri)  rut  off  a  rattler's  head.  He  let  the  head  bite  a 
stick,  whereu])()ii  venom  flowed  from  the  fangs.  Serious  .accidents  have  resulted 
from  pi(  king  up  severed  snake  heads  or  iaially  injured  snakes,  and  1  wish  to  voice 
a  warning  against  any  carelessness  in  this  respect.  Staples  (1865,  p.  279)  reported 
the  case  of  a  farmer,  who,  in  mowing,  cut  off  the  head  of  a  rattler.  While  brushing 
the  grass  aside  to  locate  the  head,  he  was  bitten  in  the  thumb  with  dangerous,  but 
not  fatal,  results.  Some  two  or  three  inches  of  the  snake's  neck  had  remained 
attached  to  the  head.  Anon.  (1872,  p.  46)  recorded  the  fatal  case  of  a  child  bitten  by 
a  decapitated  snake  in  Ottawa  Clounty,  Kansas.  The  snake's  body  had  been  severed 
three  f)r  four  iiu  lies  behinil  the  head;  it  is  not  stated  how  the  child  happened  to  be 
bitten.  Wolfe  (1905,  p.  351)  (ailed  attenticin  to  the  newspaper  rej)ort  of  a  fatal 
accident  at  The  Geysers,  Napa  County,  California,  wherein  a  man  was  bitten  by 
a  northern  Pacific  rattler  that  had  been  shot  into  three  pieces.  Another  case  was 
reported  in  Santa  Monica,  California,  in  1926. 1  was  myself  a  member  of  a  hunting 
party  on  which  a  man  was  bitten  by  a  small  southern  Pacific  rattler  that  had  been 
shot  in  the  neck  with  a  .22  loaded  with  dust  shot.  Such  a  charge  will  break  a 
snake's  back  and  prevent  it  from  crawling,  but  it  will  not  be  harmless  until  death 

»Thc  reference  is  evidently  intended  for  Tyson  (1683,  p.  31):  however,  the  snake  theiein  men- 
tioned  was  a  European  viper,  not  a  rattler. 
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supeiNcncs.  As  early  as  I8R!.  Ellzcv  (p.  250)  had  rcpr)it('cl  that  the  largest  raiilcr 
could  1)0  killed  with  a  few  shot  hi  the  neck,  which  is  tiuc,  l)iit  it  sliould  never  l)e 
forgotten  that  a  fatally  injured  rattlesnake  is  dangerous  as  long  as  any  life  or  move- 
ment remains. 

Ferrall  (1832,  p.  300)  reported  that  a  rattler's  body  scjuirmed  for  an  hour  after 
the  head  had  been  cut  off.  Harlan  (1835,  p.  503)  stated  that  a  decapitated  head 
could  bite,  and  that  the  body  would  strike  with  the  stump  of  the  neck.  Gilman 
(1854,  p.  26)  beheaded  a  rattler  with  a  hoe  and  observed  that  the  neck  would  strike 
at  anything  that  pinched  it  up  to  Pa  hours  later.  .Among  outdoor  men  generally, 
it  has  long  Ijcen  believed  that  if  one  decapitates  a  rattler,  and  the  tail  of  the  snake 
be  piiKluci.  the  Ijlootly  stump  of  the  neck  will  unerringly  strike  the  hand  of  the 
]>incher;  and  that  no  one  has  had  the  nerve  to  maintain  his  hold  on  the  tail  in  the 
face  of  this  fearful  retaliation. 

Some  published  accounts  of  accidents  involving  rattlesnake  heads,  after  severance 
from  the  body,  are  as  follows:  Dugb  (1877,  p.  15),  Clarke  (1881a,  p.  27),  Cope 
(1892a,  p.  687),  Matteson  (1899,  p.  669),  Backus  (1903,  p.  692),  Dury  (1910,  p.  72), 
Menger  (1913,  p.  145),  Maloney  (1945,  p.  80),  and  Allen  (1949a,  p.  72);  see  also  p. 
943. 

Experiments  wtth  DECAprrATED  Rattlesnakes 

To  determine  the  truth  of  some  of  these  ideas,  I  experimented  with  13  rattlesnakes 

of  fi  different  forms:  a  red  diamond  (C.  r.  ruber),  sl  Mojave  (C.  s.  scutulatus),  3  Great 
Basins  (C.  v.  lutosus),  5  soutliern  Pacifies  (C  i'.  hrUeri),  a  southwestern  speckled 
rattler  (C  m.  I)yrrhus).  ;m(!  2  Colorado  Desert  sidewinders  (C  r.  Interorcpcns).  In 
no  case  was  more  than  an  mch  of  neck  left  attached  to  the  head,  and  usually  there 
was  less  than  half  as  much. 

Although  I  found  a  considerable  variation  in  the  actions  of  the  decapiiatcU 
snakes,  I  doubt  whether  any  of  the  diffierences  observed  are  to  be  attributed  to 
species  variations.  The  reactions  of  the  notably  placid  red  diamond  seemed  to  be 
no  less  violent  than  those  of  the  nervous  southern  Pacific.  I  presume  that  the 
differences  observed  in  their  involuntary  actions  are  to  be  attributed  largely  to 
chance. 

Head  Reactions. — First,  as  to  the  head:  I  should  say  frcnn  this  study  that  the  head 
of  a  rattler,  when  separated  from  the  body,  is  dangerous  for  at  least  20  minutes, 
and  sometimes  for  almost  an  hour.  \\'itli  only  a  short  stub  of  neck,  the  head  is,  of 
(oursc,  (jiiite  immobile;  anv  tianger,  theicioie,  must  result  from  deliberate  han- 
dling. I  rue,  in  one  instance  (a  southern  Paci(ic),  the  head  did  hitch  itself  forward 
by  digging  the  point  of  a  fang  into  the  table  top  and  pulling  on  it,  but  this  was 
certainly  accidental. 

The  heads  manifested  continued  life  in  various  ways — ^by  opening  the  mouth  at 
the  aj)proach  of  a  hand  or  other  object,  by  biting  a  stick  introduced  into  the 
mouth,  by  twitching  the  ne(  k  stub,  by  contracting  the  pupil  of  the  eye,  and  by 
advancing  and  opening  the  ( tul  of  the  trachea  or  windpipe.  Most  of  these  reactions 
occiured  only  uj)()n  stinudation. 

Unstimulated  leactions,  at  least  those  not  piuposely  stimulated — although  some 
may  have  been  caused  by  the  movements  of  the  observer — comprised  skin  twitch- 
ing, opening  the  mouth,  or  twisting  the  neck  stub.  Skin  twitching  was  most  evident 
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at  the  angle  of  the  mouth;  it  was  observed  as  much  as  19  minutes  after  decapitation 
in  a  sidewinder  (C.  c,  late  rare  pens),  and  29  minutes  in  the  red  diamond  (C.  r. 
ruber).  N'c'<  k  twisting  is  (juitc  frctjuciii  and  was  noted  c\en  wlien  there  were  only 
a  few  niillimctcivs  of  the  stuinj)  remaining.  It  was  ohseiveil  iij)  to  20  minutes  in  a 
southern  Pacilic  (C.  v.  hcllcri),  and  28  minutes  in  a  sidewinder.  Some  squirming 
is  pcmible  in  the  head  itself  and  was  occasionally  seen. 

The  mo«t  conspicuous  of  unstimulated  movements— or  at  least  those  not  inten- 
tionally caused  by  the  observer — was  the  opening  of  the  mouth.  Sometimes  this 
was  in  the  nature  of  a  yawn,  sometimes  a  biting  threat  with  erected  fangs.  Gen- 
erally, the  movement  was  of  progressively  diminishing  intensity  after  decapitation, 
as  might  be  expected.  1  lie  following  instances  were  noted,  the  figures  in  paren- 
theses indicating  the  elajised  minutes  after  beheading  when  the  mouth  was  opened, 
together  with  other  actions  observed:  sidewiiuki  (i.  8,  II,  I  I,  16,  17;  18,  fangs 
erected;  31;  40,  gaped  twice  and  partly  closed,  then  opened  wide;  44,  partly 
opened),  red  diamond  (10),  Great  Basin  (5,  8,  13,  19,  with  the  fangs  advanced  to 
the  biting  position  in  the  last  2  instances),  southern  Pacific  (13,  fangs  waved;  15, 
mouth  opened  very  wide;  18,  opened  on  one  side).  The  sidewinder  records  for  18 
minutes  and  more  were  all  made  by  the  same  snake,  which  was  outstanding  in  the 
persistence  of  its  moutli  nK)vcments. 

From  the  practical  standj)oint  of  safetv,  anv  endeavors  to  bite  by  a  severed  head 
arc  of  considerable  iiu])ortance.  1  ests  were  therclorc  made  at  repeated  intervals  by 
introdiuing  a  thin  wooden  rod  into  each  snake  s  month.  Positive  reactions  were 
noted  in  the  following  instances,  the  figures,  as  before,  indicating  the  elapsed  time 
in  minutes  subsequent  to  decapitation:  Great  Basin  (2),  red  diamond  (2,  venom 
ejected).  Great  Basin  (3,  another  specimen,  venom  ejected),  medium  southern 
Pacific  (5,  venom  ejected).  Great  Basin  (5  and  repeated  at  10  with  venom  ejection), 
large  southern  Pacific  (7,  a  violent  bite  with  much  venom),  another  large  southern 
Pacific  (8,  a  relatively  ineffective  bite),  sidewinder  (10,  venom  ejected,  fangs  used 
separately),  medium  southern  Pacific  again  (10,  fangs  used  separately).  Great  Basin 
(12.  a  vioh  nt  l)iie  with  M  iiom  ejected:  rej)i  ;ited  at  1.")),  ilie  oilier  Cireal  Basin  (13,  a 
violent  bite  with  venom  ejection,  and  the  fangs  manipulated  separately),  side- 
winder (13,  venom  ejected),  southern  Pacific  (17),  Great  Basin  (20,  not  easily  stimu- 
lated to  bite,  but  finally  bit  hard),  sidewinder  (20,  a  strong  bite  when  the  stick  was 
pressed  inwardly  against  the  angle  of  the  mouth),  southern  Pacific  (21,  tried  to  bite, 
but  rather  ineffectively).  At  43  minutes  this  same  southern  Pacific  rattlesnake 
suddenly  bit  a  stick  that  had  been  introduced  bcliind  the  fangs,  with  a  venom  dis- 
charge. This  was  by  all  odds  the  longest  delayed  bite  obser\ed  subsequent  to 
decapitation.  The  jaw  movement  was  ceriainlv  jiowerdil  enough  to  have  imbedded 
the  fangs  in  the  hand  and  could  well  have  caused  a  serious  accident. 

Decapitated  rattlers  do  not  always  attempt  to  bite  a  slick  introduced  into  the 
mouth;  on  the  contrary  they  try  as  frequently  to  eject  the  stick  without  biting  it. 
They  do  this  by  erecting  and  depressing  the  fangs,  sometimes  in  unison,  but  often 
separately  with  a  waving  motion,  as  if  to  disengage  them  from  interference,  a 
manipulation  that  is  quite  c  h.n  acteristic  when  snakes  arc  being  milked  of  venom. 
Most  of  the  snakes  that  would  bite  on  some  occasions  would  also  try  this  maneuver 
on  others,  especially  as  they  weakened.  The  southwestern  sjjcckled  rattler  was 
tested  after  4,  17,  20,  and  24  minutes  and  each  time  refused  to  bite,  although  it 
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always  tried  to  void  the  stick.  It  was  found  that  the  best  means  of  stiiiuilating  some 
reaction  to  an  object  placed  in  a  snake's  mouth  was  to  press  it  back  against  the 
angle  of  the  mouth,  or  against  the  mandibles.  Hut  even  these  annoyances  usually 
failed  to  clit  it  further  responses  after  jieriods  varying  between  15  and  30  minutes. 
However,  it  should  be  recogni/ed  that  tin-  exac  t  time  when  the  danger  of  a  bite 
is  dcfmitely  at  an  end  is  dillitult  to  dcicmunc,  for  in  some  instances  a  specimen, 
after  manifesting  no  response  to  stimulation,  would  suddenly  react  when  the 
experiment  was  repeated  several  minutes  later.  I  should  say,  as  a  result  of  these 
experiments,  that  most  severed  rattlesnake  heads  are  probably  dangerous  up  to 
15  minutes,  and  possibly  dangerous  for  three^uarters  of  an  hour,  or  even  more. 
As  to  a  fatally  injured  snake,  tlic  duration  of  the  danger  would  depend  on  the 
nature  of  the  injiny;  the  only  safe  rule  is  not  to  touch  the  head  until  the  snake 
lias  actually  begun  to  stiffen  in  rigor  mortis." 

If  the  mouth  be  oj)ened  by  elevating  the  upper  jaw  without  introducing  any- 
thing into  it,  the  fangs  are  octasionally  observed  to  wave  or  llutter  in  a  vertical 
plane,  one  of  the  last  movements  manifested.  This  was  observed  in  the  south- 
western spedded  rattler  up  to  29  minutes,  the  Mojave  at  83,  and  in  3  southern 
Padfics  up  to  37,  39,  and  40  minutes,  respectively. 

Various  tests  were  made  to  determine  the  sense  reactions  in  the  severed  rattler 
heads.  The  most  positive  was  the  pupillary  contraction  in  response  to  a  beam  of 
light.  It  was  found  that,  immediately  after  decapitation,  the  pupillary  opening  was 
about  the  same  as  in  an  uninjured  snake  under  the  same  light  intensity,  and  that 
the  reaction  to  a  flasliliglu  beam  was  similar,  but  became  pi ()grcssi\cly  slower  and 
less  marked  as  death  approadied.  Occasionally  some  twitching  and  eyel^all  rotation 
were  observed.  After  death,  the  pupils  remained  dilated  more  than  in  bright  light 
in  life,  with  approximately  a  normal  dim-light  aperture.  Two  snakes,  whose  heads 
were  rotated  in  a  horizontal  plane,  exhibited  the  normal  eyeball  reaction  described 
elsewhere  (p.  389);  that  is,  a  lag  in  the  directional  change  in  the  optical  axis, 
followed  by  a  compensating  twitch. 

Altogether,  57  eye-reaction  tests  were  made  on  12  specimens.  To  begin  with, 
the  pupillary  reactions  were  well  marked  and  lapid  in  all  the  snakes  except  the 
Mojave,  in  which  the  reaction  was  slow  and  slight  even  within  the  first  minute. 
All  others  were  considerable  up  to  10  minutes,  after  which  a  progressive  decline  in 
response  was  noted.  However,  two  southern  Pacifies  still  had  strong  reactions  at  14 
and  15  minutes,  a  sidewinder  at  15,  a  Great  Basin  at  18,  and  the  red  diamond  at 

24  minutes.  The  final  perceptible  responses  in  those  snakes  that  still  reacted  after 

25  minutes  were  manifested  by  one  Great  Basin  (out  of  three)  at  28  minutes,  one 
southern  Pacific  at  2S  and  another  at  30  (out  of  four),  the  southwestern  speckled  at 
.80.  the  l  ed  diamond  at  31,  and  finally  one  of  the  sidewinders  at  30  and  the  other  at 
39  minutes.  It  should  be  understood  that  these  iuial  reactions  were  both  slight  as  to 
the  amount  of  pupillary  contraction,  and  slow  to  become  effective. 

With  decapitation,  the  control  of  the  tongue  seems  usually  to  be  lost  at  once. 
Sometimes  the  tongue  was  left  partially  protruded,  but  it  appeared  to  be  quite 
limp.  Occasionally,  in  the  effort  to  bite  or  to  free  the  fangs  from  a  stick,  a  slight 

"  The  situation  is  somewhat  different  when  snakes  are  being  killed  for  preservation,  by  drowning 
in  alcohol,  by  chlorofonn  inhalation,  or  by  aimilar  means.  The  bodies  must  be  piesorved  when 
limp,  and  one  soon  teanu  to  recognixe  the  ^n— omnplete  bodily  rdaxation— indicating  tlMt  they 
can  be  saCdy  handled. 
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inward  or  outward  motion  of  the  tongue  was  observed,  but  it  seemed  quite  func- 
tionless  and  incflcttivc.  \c\.  tlu  ic  were  excxjjtions  to  this  rule.  In  one  instance  a 
southern  Pacific  jjroti  uded  and  k  tracted  the  tongue  ininiediatcly  followin"  dc- 
(apitaiion.  Again,  at  2  minutes,  liiis  head  was  tapped  on  the  top,  wiu  reupon  the 
tongue  was  everted  with  tlie  tips  divergent,  as  in  a  hve  snake.  The  same  response 
could  iic»t  be  evoked  at  5  or  9  minutes,  yet  this  snake  was  stimulated  to  protrude  its 
tongue  at  33  and  35  minutes,  and  the  tongue  was  everted  again  at  39  minutes 
mthout  stimulation.  The  tips  were  not  spread  in  these  later  movements.  Even  at 
41  minutes  the  head  flinched  when  the  tongue  was  pinched. 

A  Great  Basin  also  showed  a  considerable  tongue  reaction.  Immediately  upon 
decapitation  the  tongue  was  evei  ted  and  paitiallv  retracted  several  times;  the  tips 
were  not  spread.  .\t  2,  "i,  and  }  minutes  the  tongue  was  ii  pealedly  run  out  at  tlie 
approach  oi  the  observer  s  hand.  No  reasons  wwc  app  in  lU  for  the  differences  in 
the  tongue  reactions  in  these  snals.es,  as  compared  with  tlie  others. 

The  glottis  (terminus  of  the  trachea,  or  windpipe),  which  lies  just  above  the 
tongue  sheath,  was  observed  to  be  moving  in  most  of  the  specimens,  the  motion 
being  longitudinal,  with  the  orifice  opening  and  closing.  In  live  snakes,  when  feed- 
ing, the  glottis  can  be  thrust  forward  to  the  edge  of  the  mouth  and  beyond,  thus 
furnishing  an  air  inlet  that  will  not  be  blocked,  even  when  the  mouth  is  distended 
to  the  utmost  with  food.  \o  such  extreme  protrusion  was  observed  in  any  de- 
capitated snake,  hut  some  longitudinal  motion  was  seen  in  a  sidewindei  to  22 
minutes,  in  a  Great  Basin  up  to  28  minutes,  and  in  a  southern  Pacific — the  one 
with  the  unusually  tenacious  tongue  reaction — up  to  35  minutes.  The  opening  and 
dosing  of  the  orifice  was  even  more  persistent;  it  was  observed  at  27  minutes  in 
the  sidewinder  and  at  50  minutes  in  the  southern  Pacific.  The  latter,  in  fact,  was 
the  most  protracted  evidence  of  life  exhibited  in  the  severed  head  of  this  or  any 
other  specimen.  There  seemed  to  be  some  regularity  of  movement  in  the  glottis: 
advance,  open,  close,  retract,  and  then,  after  an  interval,  rc|>cat. 

A  burning  match  was  held  near  the  facial  pits  of  various  specimens  but  no 
partictdar  leac lion  was  evident.  Blowing  the  Ijicath  at  the  snoiu  of  the  Mojave 
rattler  at  18  minutes  caused  the  mouth  to  open,  but  sinuiai  tests  on  other  specimens 
failed  to  evoke  any  response.  The  red  diamond  flinched  when  a  needle  point  was 
touched  to  a  pit  membrane,  but  this  was  not  evident  in  a  southern  Pacific. 

In  a  number  of  instances  the  approach  of  a  hand,  or  even  a  finger,  toward  the 
snout  caused  the  mouth  to  open  and,  in  some  cases,  the  fangs  to  adv  ance.  Here  we 
have  a  reaction  similar  to  that  of  a  tethered  rattlesnake;  for  although,  contrary  to 
repeated  statements,  an  uninjincd  and  free  rattlesnake  never  threatctis  an  enemy 
with  opc  n  mouth,  a  snake  tliai  is  held  ijy  the  nec  k — in  the  \enom  milking  process, 
for  example — will  do  so.  While  nc^  delinite  determination  was  made  of  the  sense 
causing  the  mouth  to  o|>en  in  the  case  of  the  severed  heads,  it  was  probably  sight;  the 
tongues  were  inoperative  in  all  but  one  case,  thus  at  least  in  part  eliminating  the 
sense  of  smell;  and  there  was  no  evidence  of  intensified  reaction  to  a  match  flame 
as  might  have  been  expected  had  the  facial  pits  been  the  source  of  the  reaction. 

The  open  mouth  in  response  to  an  approac  liing  hand  was  by  no  means  an 
invariable  effec  t.  Some  of  tlie  snakes  never  did  re  spond  in  this  ivay,  others  would 
at  limes  but  not  always.  One  small  southern  Pacific — the  onh  one  of  the  four  of 
that  subspecies  to  react  in  tiiis  manner — 0|X^ned  its  mouth  at  an  approaching  hand 
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at  I,  1,  and  7  minutes.  The  month  closed  again  as  the  hand  was  withdiawn,  show- 
ing ( learly  that  the  ojH-ning  was  (ausctl  by  its  approac  h.  The  iisponse  was  weak  at 
7  minutes  and  was  not  repeated  at  9.  A  Great  Basin  opened  its  mouth  when  the 
hand  was  moved  above  it  at  4  minutes.  In  the  red  diamond  there  was  no  mouth 
opening  at  S  minutes  but  a  slight  opening  at  14.  A  sidewinder  gave  a  positive 
reaction  at  13  minutes.  The  best  response  was  that  of  the  Mojave  rattler.  At  2,  3, 
and  4  minutes  it  reacted  quite  violent I\,  ope  ning  the  mouth  and  erecting  the 
fangs  each  time  a  hand  approached,  and  closing  the  mouth  as  it  was  withdrawn. 
There  was  no  response  at  f)  minutes,  hut  again  the  mouth  opened  at  9. 

External  pressure  on  llie  head  sometimes  caused  eiilier  llindung  or  such  stjuiini- 
ing  as  the  neck  stump  was  capable  of.  To  rub  the  side  of  the  head  usually  caused 
the  neck  stub  to  twist  to  the  opposite  side,  a  maneuver  that  would  ha\e  caused  th** 
head  to  pull  away,  had  the  body  been  operative.  Such  a  movement  was  evident  up 
to  22  minutes  in  the  red  diamond.  Touchii^  the  top  of  the  head  or  pinching  a 
fold  of  skin  thereon  usually  caused  the  mouth  to  open.  This  was  observed  as  late 
as  l.'^  minutes  in  the  red  diamond  and  16  minutes  in  one  of  the  southern  Pacifies. 

1  ouching  the  severed  spinal  cord  sometimes  caused  a  violent  reaction,  generally 
evidenced  by  a  gaping  ot  the  jaws  with  fangs  advanced.  This  effec  t  was  demon- 
strated as  late  as  2L'  miiuitt  s  in  a  (.reat  Basin,  although  it  was  not  i  c  jKated  at  25. 
The  reaction  was  acteniuaied  when  a  probe  was  intiodutcd  longitudinally  into 
the  spinal  cavity.  However,  in  one  instance,  where  the  probe  reached  the  brain, 
subsequent  reactions  seemed  to  cease  earlier  than  was  evident  in  other  individuals, 
evidently  from  brain  injury.  When  one  head — a  southern  Pacific — was  accidentally 
turned  upside  down,  the  neck  stump  squirmed  as  if  to  right  itself. 

Body  Reactions. — ^The  movements  of  the  bodies  after  decapitation  were  more  per- 
sistent but  less  functional  than  those  of  the  heads.  Whereas  the  longest  evidence 
of  life  in  a  head  was  50  minutes,  movements  of  the  bodies  continued,  although  with 
interruptions,  for  several  hours. 

To  test  the  ancient  story'"  that  the  headless  stump  of  the  neck  will  always  strike, 
with  deadh  accuracy,  the  hand  that  pinclu  s  the  tail,  every  tail  was  immediately 
and  \iolc  iitl\  j)inchecl  following  the  rcmo\al  of  the  head.  In  none  of  the  1.3  in- 
stances did  the  promised  action  follow,  nor  was  there  even  an  approach  to  such  a 
Strike.  The  pinching  usually  caused  a  violent  twisting  or  squirming,  and  sometimes 
there  was  a  more  or  less  accidental  coiling  about  the  hand,  but  it  seemed  to  be 
quite  fortuitous,  without  directional  intent. 

Xonstimulated  reac  tions  comprised  an  aimless  and  discontinuous  twisting  and 
squirming,  gradually  weakening  and  with  progressively  longer  interruptions.  Al- 
though these  motions  were  usuallv  evident  in  the  posterior  end  of  tlic  body  and 
the  tail,  the  final  motions  could  best  be  stimulated  by  a  pinching  of  tlie  neck  and 
were  evident  anteriorly  rather  than  toward  the  tail.  It  was  found  that  stimulated 
reactions  were  most  violent  when  the  pinches  engaged  the  spuiai  process  or  the 
dorsal  scale  rows. 

In  its  reaction  to  pinching,  the  body  often  flattened  itself  as  does  an  alarmed 
rattler,  this  being  true  of  the  posterior  part  of  the  body,  or  that  near  the  part 

pinched. 

«See.  for  example,  Ilail  in  (1R3  .,  p  503),  Mitchell  (I860,  p.  24).  Catlin  (1861.  pp.  266,  268), 
Stejnegcr  (1895.  p.  380),  and  Brewer  (1930.  p.  189). 
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Two  snakes  thai  were  rattling  at  the  time  of  decapitation  continued  to  do  so 
for  several  seconds.  No  other  snake  ever  rattled  during  the  squirming  period,  nor 
did  cither  of  these  two  repeat. 

In  two  instances,  snakes  that  liad  been  aimlessly  scjuirniing  about,  accidentally 
tame  up  against  sidcwalls,  following  which  they  crawled  along  in  the  angle  formed 
by  the  wall  and  the  table,  using  a  very  slow  rectilinear  method  of  crawling.  How- 
ever, it  should  not  be  presumed  that  these  were  the  only  times  rectilinear  locomo- 
tion was  in  evidence,  for  there  were  others  when  the  characteristic  scale  waves 
could  be  seen,  although  no  progression  resulted. 

When  held  by  one  part  of  the  body,  the  rattlers  usually  squirmed  quite  aimlessly 
but  sometimes  succeeded  in  wrapping  the  bodies  about  the  hand  that  held  them. 
In  several  instances  the  stump  of  the  neck  came  to  rest  close  to  the  restraining  hand 
and  pointintj  at  it;  but  I  cannot  conclude  that  this  was  other  than  accidental,  as  it 
was  by  no  means  a  consistent  pose.  In  no  case  did  the  stump  strike  or  even  press 
against  the  hand. 

I  have  elsewhere  discussed  the  sensitivity  of  the  \entral  surface  of  the  body  to 
vibration  (p.  39^,  an  effective  substitute  for  the  sense  of  hearing,  which  snakes 
lack.  One  of  the  most  interesting  developments  of  these  experiments  was  the  evi- 
dence that  the  headless  bodies  were  susceptible  to  vibrations  of  the  substratum, 
for  the  bodies  could  be  caused  to  squirm  when  previously  they  had  been  stilL  These 
responses  were,  it  is  true,  observed  in  somewhat  less  than  half  the  tests  made,  and 
it  required  a  rather  sharp  vibration  of  the  table  to  produce  them.  Such  reactions 
were  observed  on  the  speckled  rattler  at  8  minutes,  on  one  of  the  Great  Basins  at 
1 5,  on  a  sidewinder  at  17  and  20,  and  on  one  o£  the  four  southern  Pacihcs  at  10,  19, 
and  31  minutes. 

Another  interesting  reaction  was  liie  ability  of  the  bodies  to  right  themselves 
when  turned  on  their  backs.  Again  the  results  were  highly  variable,  for  sometimes 
they  would  turn  immediately,  at  others  only  after  an  interval;  again,  they  had  to 
be  stimulated  to  squirm  before  they  would  turn,  and  in  some  instances  they  would 
make  no  effort  even  when  annoyed.  One  Great  Basin  righted  itself  at  4  minutes, 
but  failed  to  do  so  at  14,  20,  or  17  minutes.  Another  Great  Basin  righted  itself 
quickly  at  S  hours,  and  again,  this  time  with  a  little  stimulation,  at  3  hours  and  55 
minutes.  Left  on  its  bac  k,  this  snake  suddenly  righted  itself  without  stimulation 
5  hours,  2  minutes  after  decapitation.  The  third  Great  Basin,  after  lying  on  its  back 
for  15  minutes,  sudden Iv  righted  itself  withoiu  stimidation;  this  was  20  minutes 
alter  decapitation.  This  snake  quickly  righted  itself  when  turned  on  its  back  at 
28  minutes.  One  sidewinder  righted  itself  with  stimulation  at  18  minutes.  The 
Mojave  rattler  quickly  turned  over  at  26  and  40  minutes;  it  repeated  at  1  hour,  12 
minutes,  but  only  with  stimulation  to  start  its  movements.  The  red  diamond,  at 
IS  minutes,  righted  itself  only  after  being  on  its  back  for  about  a  minute.  The 
southwestern  spedded  rattler  righted  itself  quickly  at  5  minutes,  failed  to  do  so  at 
l.S,  and  turned  over,  with  outside  stimulation  to  initiate  motion,  at  22  minutes. 
One  large  southern  Pacific  made  no  attempt  to  right  itself  at  12  minutes  but  sud- 
denly did  so  without  stimulation  at  1.8.  The  most  siu  prising  feat  was  that  of  a 
southern  Pac  ific  lattlcr  that  had  been  on  its  back  for  some  time.  At  7  hours  and  43 
minutes  after  decapitation,  its  tail  was  pinched  and  it  righted  itself  immediately. 
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Spontaneous  body  squirming  without  stimulation  lasted  at  least  2  hours  with 
all  but  one  oi  tlie  snakes:  and  more  than  hall  exceeded  1  hours,  in(  hiding  a  young 
southern  Pacific  (1:29),  a  large  southern  Pat  ifu  (1:16),  one  C.reat  P.asin  (4:50)  and 
the  other  (5:02),  a  large  southern  Pacific  (5:55),  the  red  diamond  (6:35),  and  an- 
other large  southern  Pacific  (7:26).  Although  the  final  voluntary  movements  were 
usually  observable  in  the  tail  or  at  least  the  posterior  part  of  the  body,  the  final 
stimulated  motions  could  usually  be  evoked  by  pinching  the  neck  vertebrae  and 
were  in  the  neck  itself.  I  he  records  of  the  elapsed  times  following  beheading  at 
which  motion  could  still  he  evoked  by  pinching,  were  as  follows,  the  figures  repre- 
senting hniirs  ;uk1  ininuics:  sidcwiiuler  (2: 15).  southwestern  s|>eckled  (3:29),  south- 
ern Padfu  Mojaxe  (5:00).  small  southern  Pacific  (6:20),  large  southern 
Pacilic  (6:37j,  Great  Basin  (6:38),  red  diamond  (7:18),  Great  Basin  (7:22),  side- 
winder (8:13),  large  southern  Pacific  (9:13).  Observations  were  not  recorded  on 
two  of  the  snakes.  The  temperature  during  these  tests  varied  from  20**  to  22**  C. 
(68*to71H"F.). 

It  wUI  be  observed  that  none  of  the  figures  approaches  those  that  some  travelers 
have  reported.  On  the  other  hand,  there  ha\  c  l)een  reports  of  immediate  cessations 
of  movement  that  are  equally  hard  to  credit.  Wallace  (1950,  p.  116)  reported  the 

shooting  f)l  a  \erv  large  eastern  diainondback.  Within  5  minutes  it  had  ceased  to 
twit(  h  and  (ould  be  measured.  This  is  even  harder  to  believe  than  its  length  of  8 
feet  4  inches. 

In  n<nie  of  these  tests  were  the  anal  scent  glands  discharged.  William  H.  Stidtel 
has  written  me  of  a  western  diamond  rattler  (C.  atrox)  that  was  shot  in  the  neck, 
a  few  pellets  from  a  .22  shot-shell  taking  effect  about  two  inches  behind  the  head. 
Anteriorly  the  snake  seemed  to  be  quite  helpless,  but  the  body  and  tail  responded 
to  stimulation.  An  hour  or  two  afterwards  there  was  a  dts(]):ii of  musk  when 
the  tail  was  touched;  this  was  repeated  several  times,  which  shows  it  was  not 
fortuitous. 

Persistence  of  the  Heart  Action. — As  a  final  evidence  of  the  persistence  of  the  life 
force  in  rattlesnakes — as  in  other  snakes — there  is  the  matter  of  heart  beats,  for 
the  heai  I  <  ontinues  to  beat,  not  only  for  a  long  time  after  decapitation,  but  long 

after  the  body  has  ceased  to  move  even  when  pinched.  The  exj)eriments  that  I 
made  were  pei  loi  incd  alter  the  <  nd  of  the  observations  on  bodily  movenu  iits.  At 
that  liiiu  tin  Miaki  was  luriRd  on  its  back  and  a  slit  was  made  in  the  abdominal 
wall  just  above  the  heart,  so  thai  its  beating  could  be  seen. 

The  heart  beats  at  first  at  a  rate  of  about  45  per  minute,  which  seems  to  be 
normal  for  a  live  rattlesnake,  and  then,  after  decapitation,  gradually  declines  to  a 
rate  of  3  or  4  per  minute.  But  this  decline  is  not  uniform.  On  the  contrary,  there 
may  be  a  drop  to  15  or  18,  and  then,  a  few  hours  later,  the  rate  may  have  climbed 
again  to  24.  But  gradually  the  pulse  both  slows  and  weakens,  until  finally  it  can 
be  seen  no  more.  rsu;illy  the  ventricular  brats  are  affected  first;  in  some  instances, 
toward  the  entl,  there  were  2  to  aiirimlar  l)eats  to  each  \entriciilar.  Also,  there 
is  an  increasing  irregularitv,  so  that  the  l)eats  are  by  no  means  evenly  spaced. 
Without  doubt  my  experiments  have  been  affected  by  the  snakes'  condition  and 
the  nature  of  the  incision.  Some  terminations  seemed  the  result  of  desiccation. 

Eliminating  the  specimens  whose  heart  actions  ceased  during  relatively  long 
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periods  without  observations,  w(  ha\c  the  followinj^  approximate  durations  of 
heart  activity  subsequent  to  decapitation,  the  figures  being  gi\cn  to  the  nearest 
even  hour:  sidcuincier  (15),  Mojave  (18),  southern  Pacific  (30),  soutliern  Pacific 
(iJl),  soutlicni  Pac  ific  ( 1")),  (ii  i  at  Basin  (  (  ircat  Basin  (r)0).  and  sidcu  iiiclcr  ('j'J). 
In  no  case  was  the  heart  actually  seen  to  stop:  and  as  the  elapsed  times  have  been 
given  to  the  last  observed  beat,  some  of  these  figures  may  be  from  one  to  as  many 
as  8  hours  low,  depending  on  the  frecjuency  of  observations.  But  it  is  demonstrated 
that  the  heart  usually  beats  for  at  least  one  day  in  a  decapitated  rattlesnake,  and  in 
some  instances  reaches  and  even  exceeds  two  days.  Toward  the  last  the  beats  are 
little  more  than  pulsing  waves  in  the  heart  muscle. 

Conditions  Favoring  Persistence  of  Movement. — ^The  jXTsistence  of  rellex  move- 
ments in  snakes  and  other  reptiles  arises  in  some  degree  from  the  relative  impor- 
tance of  the  brain  and  the  spinal  nervous  centers,  for  the  spinal  centers  are  of 
greater  relative  importance  in  the  reptiles  than  in  birds  and  mammals.  But  in 
addition  it  should  he  pointed  out  that  in  the  reptiles  there  is  no  sudden  fall  of 
temperature  coincident  with  any  interruption  of  the  metabolic  processes,  the  oxy- 
gen recjuirenients  are  Icjwer,  and  therefore  nerves  and  muscles  may  continue  to 
[unction  in  what  is,  for  them,  a  normal  lempcraturi'  and  almost  normal  environ- 
ment. Indeed,  heat  may  nc>l  prolong  movement.  An  oljscrvcr  (H.  11.  in  Bevan's 
"Snake  Lore  Column,"  Outdoor  Life,  \o\.  68,  no.  2,  p.  78,  Aug.,  1931)  reported  that 
when  the  heads  were  shot  off  two  rattlers,  one  body  being  left  in  the  sun  while 
the  other  was  placed  in  the  shade,  that  in  the  sun  stiffened  first. 

Bodily  Frailty  of  Snakes 

Despite  their  st  eminoiy  strong  hold  on  life,  as  indicated  by  the  persistence  of 
movement  in  these  decapitation  tests,  snakes — rattlers  among  them — ^arc  relatively 
frail  creatures  and  are  easily  killed,  although  this  statement  should  not  he  inter- 
preted as  calling  in  cpiestion  the  dangerous  character  of  poisonous  snakes  as  long 
as  capacity  for  mo\ement  contiiuies.  This  frailtv  stems  Irom  the  fact  that  tlieir 
backbones  are  both  delicate  and  vulnerable,  so  that  a  smart  blow  of  no  great  force 
will  produce  a  fatal  injury,  although  at  first  it  will  seem  to  interfere  only  with 
locomotion.  Audubon  (1827,  p.  29),  Tixier  (1940.  pp.  76,  208,  written  in  1840), 
and  Rollins  (1^2,  p.  178)  have  noted  how  easy  it  is  to  break  a  rattler's  back.  Thus, 
it  is  probable  that  most  snakes  run  o\er  on  the  highways  are  usually  fatally  in- 
jured, however  successful  they  may  be  in  squirming  off  the  road.  As  an  example, 
I  may  rile  a  southei  ii  Pac  ifir  rattler  that  I  found  by  the  side  of  the  road  in  what 
appeared  to  l)c-  a  stuniucl  condition.  It  was  placed  in  a  cage,  where  it  cjuickly  be- 
came lively  again  and  seemed  to  be  enjoying  good  health.  I'wo  weeks  later  it  was 
killed  and  preserved,  and  upon  the  opening  of  the  peritoneum  the  major  organs 
were  found  suffused  with  blood  and  even  the  heart  appeared  damaged.  Certainly 
this  snake  would  have  died  within  a  short  time.  Had  its  back  been  broken  by  the 
car  that  strudt  it,  survival  for  more  than  a  day  or  so  would  have  been  improbable. 

Occasionally  there  arc  recoveries  from  what  seem  to  be  fatal  injuries.  Fiom  time 
to  time  one  will  fitid  a  live  rattler  with  its  rattles  cut  off  and  scars  on  the  head  or 
body  that  mark  tlie  site  of  healed  injiu  ics.  Cleai  ly  these  snakes  had  been  "killed" 
and  the  rattles  removed  as  trophies,  yet  they  had  survived. 
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Some  writers  (e.g.,  Fountain,  1906,  p.  .SOM:  lierridire,  192r).  p.  25;  Critcs,  1952, 
p.  65)  have  iiRiitioiied  how  c]uickly  a  snake  can  be  disabled  bv  a  blow  on  its  tail, 
leaving  the  inference  that  the  tail  is  even  more  vulnerable  than  the  body  itself. 
This  is  certainly  not  true  of  rattlers,  with  their  shortened  tails;  and  probably  is 
not  true  of  any  snakes,  judged  by  the  frequency  with  which  snakes  with  attenuated 
tails,  such  as  the  racers  Masticophis  and  Coluber,  for  example,  are  found  alive  in 
the  wild  with  much  of  their  normal  talk  missing.  Probably  this  idea  of  the  par- 
ticular vulnerability  of  the  tail  is  the  outgrowth  of  a  misunderstanding  of  just 
where  a  snake's  body  ends  and  its  tail  begins.  No  doubt  a  broken  spine  anywhere 
on  the  bodv  itself  will  be  fatal,  although  not  always  iniiucdiatelv. 

Snakes  do  not  legenerate  their  tails  as  do  most  li/aicis.  I  Ir  nivtlis  of  the  glass 
snakes  and  other  snakes,  to  the  effect  that,  when  cut  to  pieces,  they  are  able  to 
reassemble  themsdves,  are  based  on  certain  legless  lizards  that  can  lose  a  surpris- 
ingly long  stretch  of  tail,  and  live  to  go  about  their  business  with  the  body  intact 
and  uninjured.  An  early  form  of  this  myth  was  published  by  Roger  Bacon  (Thorn- 
dike,  vol.  2.  1923,  p.  656).  The  loss  of  the  tail  in  lizards  is  a  more  usual  and  natural 
event  than  in  snakes,  for  many  kinds  of  lizards  have  tails  that  may  be  detached — 
at  any  one  of  many  parting-planes — as  a  result  of  the  slightest  blow  or  elfort  of 
dcti  iition.  Tills  is  a  defense  mechanism  of  a  highly  successful  character:  for  many 
a  li/ard  enemy  finds  himself  in  possession  of  a  lively,  squirming  lizard-tail,  while 
the  creature  itself  has  escaped  to  grow  another. 

There  is  a  story  going  the  rounds  which,  in  its  most  extreme  form,  is  no  doubt 
mythical,  but  which  may  have  some  factual  basis.  Ludwick  (1930,  p.  121)  tells  of 
a  man  who  opened  a  bale  of  hay  that  had  been  baled  two  years  before,  and  found 
in  it  a  live  rattler.  The  press  services  carried  a  story  on  September  9,  1953,  that 
told  of  a  live  rattler  found  with  eight  iiulu  s  of  head  and  neck  protruding  from  a 
bale  of  hay.  As  no  duration  of  imprisonment  was  given,  this  one  may  have  been 
authentic. 

SKIN  SHEDDING 

Rattlesnakes,  like  other  snakes,  shed  their  skins  periodically.  This  shedding — 
exuviation,  ecdysis,  or  desquamation  are  alternative  terms — ^is  an  important  requi- 
site to  the  health  of  the  snake;  presumably  it  is  necessary  to  provide  for  both 
growth  iiul  wear.  It  is  known  that  young  snakes  shed  more  frequently  than  adults, 

from  which  it  may  be  presumed  that  the  requirements  of  growth  in  the  juveniles 
take  precedence  over  the  necessity  of  replacing  a  worn  skin.  However,  it  should  be 
und(  rsfood  that  this  is  a  matter  of  correlation,  rather  than  one  of  proven  cause 
and  eliect. 

Elsewhere  (p.  302)  it  has  been  shown  that  a  rattlesnake  adds  a  rattle  to  the  string 
each  time  the  skin  is  shed.  Thus,  where  an  unbroken  rattle  string  is  in  evidence, 
we  have  a  record  of  the  number  of  sheddings  since  birth,  for  the  disclosure  of  the 
No.  1  rattle — the  button — is  coincident  with  the  first  shedding,  at  which  time  the 
prebutton  is  losL  Much  of  the  data  on  shedding  intervals  is  deduced  from  the 
rattles. 
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Symbolism  and  Folklore 

Various  iiUcipicLaLuiiis  oi  the  reasons  lor  the  skin-shcdcling  process  of  serpents 
have  entered  into  the  mythology  of  many  races.  Krappe  (1930,  pp.  61,  256)  states 
that  the  belief  that  snakes  are  immortal,  through  their  ability  to  restore  their 
youth  by  acquiring  a  fresh  skin,  is  world-wide,  and  is  usually  connected  with  some 

story  of  the  fall  of  man,  for  immortality — originally  man's  possession — was  stolen 
from  him  by  the  snake.  Immortah'ty  through  shedding  is  mentioned  by  Aristotle 
(Cresswc  ll,  18(52.  p.  121);  Rendell  (1928,  p.  12)  finds  it  in  Theobald's  Pliysiolagus''; 
( ialiiu  t  ( 1812,  2.  ai  t.  Serpents)  quotes  it  from  Epiphanius'  Fhysiologus  of  about 
the  h)urth  century;  de  W  et  (1929,  p.  1036)  mentions  it  as  a  Hindu  belief;  and  Budge 
(1930,  p.  489)  comments  on  its  ancient  derivation. 

Most  modem  folklore  with  regard  to  skin-«hedding  has  to  do  with  the  frequency 
of  the  (NTOcess  and  its  seasonal  regularity;  the  degree  and  duration  of  the  blindness 
incurred;  and  the  effects  on  the  snake's  disposition.  These  ideas  will  be  discussed 
in  connection  with  particular  phases  of  the  shedding  process. 

Skin  .Struct  t:RF. 

The  histology  of  the  rattlesnake  skin  lias  been  described  by  Rahn  (1941,  p.  229), 
Lynn  (1931,  p.  113),  Zimniermann  and  Tope  (1948,  p.  386),  and  G.  H.  Parker 
(1948,  p.  210).  Rahn  pictures  the  skin  as  being  composed  of  two  layers — ^an  inner, 
thicker  one,  the  dermis;  and  an  outer,  thinner  epidermis,  which,  in  turn,  is  itself 
divided  into  two  layers,  a  stratum  germinativum  next  to  the  dermis,  and,  outermost 
of  all,  a  stratum  corneum.  The  stratum  comeum  comprises  completely  keratinized 
and  flatttened  cells,  and  is  destined  to  be  discarded  at  the  next  shedding.  After 
shedding,  the  outer  cells  of  the  stratum  germinativum,  pushed  outward  by  younger 
cells  below,  begin,  themselves,  to  flatten  and  keratinize  luitil,  once  more,  a  stratum 
(orncuui  has  been  formed.  I  he  pro(  ess  of  kcM  atini/ing  iuNoh  es  a  deadening  and 
hardening  of  the  cells,  thus  forming  a  skin  partially  impervious  to  moisture,  and 
resistant  to  corrosion  and  wear. 

It  should  be  understood  that  this  periodical  shedding  and  replacement  of  an 
outer  wearing  surface  is  by  no  means  a  unique  procedure  of  the  snakes;  on  the 
contrary,  it  is  characteristic  of  almost  all  land  vertebrates.  In  most  animals,  how- 
ever, the  process  is  more  gradual  and  continuous,  and  consequently  less  conspicu- 
ous: even  in  the  snakes'  nearest  relatives,  the  lizards,  desquamation  usually  in- 
volves the  loss  of  the  skin  in  patches.  But  in  a  healthv  snake,  when  the  time  arrives, 
the  stratum  corneum  is  shed  in  a  single,  unbroken  piece,  representing  every  exte- 
rior part  of  the  snake,  from  the  edge  of  the  lips  to  the  tip  of  the  tail.  Even  the 
outer  layer  of  the  transparent  scale  over  the  eyeball  is  shed;  and,  in  the  rattlesnakes 
and  other  pit  vipers,  the  surfaces  of  both  the  anterior  and  posterior  chambers  of 
the  facial  pit  are  evident  as  tiny  bags  attached  to  the  skin.  Nowhere  are  the  remark- 
able structural  continuity  and  chronological  uniformity  of  the  shed  skin  more  in 
evidence  than  in  the  presence  of  the  bags  Teyircscnting  tlie  posterior  pit  cliambers; 
lor  these  are  attached  to  the  rest  of  the  skin  only  by  thin  stalks  that  comprise  the 
inner  surfaces  (jf  the  tiny  tubular  orihces  which  give  access  to  the  posterior  cham- 
ber.  In  shedding,  these  interior  surfaces  are  pulled  through  the  orifices. 

**'l  hc  Fhysiologus,  a  scries  ot  allegories  attributed  lo  the  various  auiliors  wlio  iranscribed  titein, 
dates  bade  at  least  to  the  seamd  century,  aji. 
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Tlie  shed  skin  is  ti aiisliiccnt  and  stia\\-(olorcd  wlicii  (Iran;  liowc\er,  it  is  iisuallv 
darkened  by  foreign  nialler  lo  a  biow  nisli  color.  It  is  olieii  possible  to  cUsi  c  i  n  the 
snake's  pattern  as  a  slight,  or  even  strong,  dai  kening  of  appropriate  areas,  but  the 
c»lor  and  pattern  are  largely  retained  by  the  stratum  germinativum  and  tlie  dermis, 
now  more  brilliant  than  ever  since  the  cells  carrying  the  color  are  unmarred  by 
hardening  or  wear,  and  are  nearer  the  surface. 

TABLE  6:3 
Thicknesses  of  Shed  Rattlesnake  Skins 
(Averages  of  five  skins  shed  by  5-foot  11-inch  snakes.) 


s<  lie  ( nvcred  TTiickncss,  mm. 

Roslrai    0.069 

Prenasal   0.05S 

Pit  lining   0.018 

Upper  preocular   0.0S0 

Genial   0.051 

Gular   0.048 

Eye  cap   0.051 

Between  dorsals"   0.023 

Laterals    0.043 

Between  laterals   0.0S0 

Vent  Hi  Is 

Anterior 

leading  and  trailing  edges   0.051 

lateral  ends   0.0SS 

(filter    0.076 

MidlMxly 

leading  and  trailing  edges   0.051 

lateral  ends   0.058 

(ctiin      .   0.114 

Near  anal  plate 

leading  and  trailing  edges   0.038 

lateral  ends   0.0'>l 

(enter    0.07 1 

Subcaudal!),  center   0.056 


*  The  dorsals  themselves  are  too  irregular  and  striated  to  permit  accurate  measurements. 

I)es])ite  tlic  fa(  t  tliat  tlic  skin  is  shed  in  a  single  piece,  it  is  delicate  and  ii  an<;il)le, 
with  link  tensiU  stiength.  .Such  a  sited  skin  sliould  not  be  cotiliised  with  the 
durable  atid  oi  iiainental  snakeskins  whose  (onnnereial  uses  aie  destribcd  elsewheic 
(p.  1057).  These  coniniertial  skins  include  the  enliie  epidermis  and  the  dermis  as 
well;  the  snakes  must  be  killed  to  secure  them. 

The  scales  of  snakes  are  not  separate,  removable  parts  as  they  are  in  most  fishes; 
on  the  contrary,  they  are  formed  by  folds  in  the  skin,  just  as  a  roof  might  be  formed 
of  a  single  unbrf)ken  sheet  of  material  so  folded  as  to  give  the  impression  of  sepa- 
rate shingles.  Sinet"  the  stratutn  corneum  covers  not  only  the  tops  of  the  scales,  but 
follows  the  folds  Ijcneaili  and  l)ct\\een  them  as  well,  it  comes  off  as  an  unbroken 
sheet.  The  scales  are  bv  no  iiu.ms  haplia/aid  in  arrangement,  but  fall  into  legtilar 
patterns  both  on  the  head  and  body.  J  hese  patterns  of  ai  iangeinent  aie  cpiitc 
consistent  within  subspecies  and  are  extensively  used  in  classification  (p.  195). 
Specimens  that  are  badly  preserved,  or  allowed  to  dry  before  being  returned  to 
the  preservative,  will  often  lose  the  stratum  corneum  that  forms  the  tops  of  the 
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dorsal  scales,  which  might  lead  one  to  presume  that  the  scales  arc  actually  separate, 
rather  than  being  formed  only  by  the  folding  of  the  skin.  Whether  there  are  differ- 
ences between  the  skin  of  scale  tops  and  that  covering  the  spaces  between,  other 
than  ob\  ious  differences  in  thickness,  will  require  further  histological  researches  to 
determine. 

To  ascertain  the  variation  in  the  thickness  of  the  several  parts  of  a  normally 
shed  stratum  comeum,  four  skins  from  two  large  western  diamonds  (C.  atrox) 
about  1.800  mm.  (5  ft.  11  in.)  long,  and  one  from  an  eastern  diamond  (C.  adaman- 
tetts)  of  the  same  size,  were  examined  and  the  thickness  of  the  skin  determined. 
Considerable  variations  in  thickness  were  observed,  as  shown  by  table  6:3  giving 
the  averages  of  the  5  skins. 


TABLE  6:4 
CouFoemoN  or  Ejbbatins  in  Per  Cent 
(All  determinalaoiw  were  made  on  a  moiBture-free  basis) 


BulMtuMe 

Buttle 

lUttlMDake 
■kin 

Cattle  horn 

Huomnliair 

CMrbon  

47  33 

48.17 

50  89 

48  14 

Hydrogen  

7.17 

6.94 

6.72 

6.89 

Sulphur  

1.35 

1.13 

3.17 

4.12 

Nitrogen   

14.13 

13.08 

16.66 

16.06 

Ash  

2  53 

9.12 

0  40 

0.74 

27.49 

21.56 

22.16 

24.05 

As  indicated  by  these  measurements,  the  skin  covering  the  ventrals  is  thickest  at 

the  center  and  tapers  toward  the  edges;  the  taper  is  so  rapid  that  the  measurements 
at  the  leading  and  trailing  edges  are  not  entirely  accurate.  The  folds  at  the  trailing 
edges  of  the  \cntrals  are  sharp  and  knifelikc;  the  skin,  as  doubled  at  this  point, 
about  e(|uals  the  thickness  of  the  sinfj;lc  layer  at  the  center  of  a  ventral,  where  it  is 
thicker  than  anywhere  else  on  the  body.  Lverywhcre  the  skin  thickness  seems  to  be 
related  to  possible  wear  and  to  necessary  scale  strength.  The  eye  covoing  is  quite 
stiff  and  strong,  partly  owing  to  the  dome  effect.  The  skins  of  a  pair  of  3-foot 
northern  Pacific  rattlers  (C.  v.  oreganus)  that  had  shed  naturally  in  the  wild  were 
found  to  have  approximately  the  following  thickness  in  millimeters:  center  of 
ventral  plates  at  the  neck  0.055;  ventrals  at  mid-body  0.071;  ventrals  anterior  to 
the  anal  0.050;  lowest  laterals  at  mid-body  0.013;  mid-dorsal  0.033.  The  measure- 
ments of  the  dorsals  and  laterals  are  hardly  trustworthy,  since  the  pieces  to  be 
gauged  were  small  and  irregular.  One  mid-ventral  fold  was  flattened  and  found  to 
measure  0.056,  compared  with  0.069  mm.  at  the  center  ol  the  adjacent  ventral.  It 
should  be  understood  that  all  of  these  thickness  measurements  are  approximations, 
owing  to  the  compressibility  of  the  material. 

Keratin,  of  whidi  the  shed  skin  of  a  snake  is  comf^rised,  is  defined  as  "an  albumi- 
noid forming  the  chemical  basis  of  epidermal  tissues,  as  horn,  hair,  nails,  feathers, 
and  the  like,  and  existing  apparently  in  several  varieties"  (Webster's  International 
Dictionary,  Second  Edition).  C.  E.  White  of  San  Diego  made  chemical  analyses  in 
duplicate  on  keiatin  dci  ived  from  .several  sources,  with  the  results  shown  in  table 
6:4,  all  components  being  expressed  as  percentages. 
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The  Ingli  ash  content  of  tJie  skin  is  notable;  it  was  found  to  contain  iron,  cal- 
cium, nia<4iicsiuin,  ahuninum,  manganese,  potassium,  sodium,  phosphates,  sul* 
phaces,  chlorides,  and  silica. 

Shed  snake  skins  are  readily  eaten  by  clothes  moths  and  by  ants. 

It  has  been  found  that  when  snakes  are  caused  to  shed  prematurely,  which  is 
likely  to  occur  when  they  have  been  overheated,  much  more  of  the  o>lor  and  pat- 
tern  is  obsorvable  in  the  shed  skin  than  is  normally  the  case.  Evidently  either  some 
of  the  stratum  germinatix'um  is  carried  away  with  the  stratum  corneum,  or  the  re- 
duction of  the  melanin  through  keratinization  or  retraction  back  into  the  lower 
layers  is  incomplete. 

The  division  ol  the  skin  of  a  snake  into  separate  scales  lias  a  niimhei  of  adxan- 
lages.  The  ventral  plates  may  be  of  some  assistance  in  certain  of  the  types  of  loco- 
motion employed,  through  the  ratchet  effects  of  their  sharp  trailing  edges,  as  is 
discussed  elsewhere  (p.  368).  Probably  the  folds  serve  to  add  mechanical  strength 
by  doubling  the  thiduness  on  scale  edges  and  also  through  the  reinforcement  of 
the  ridges.  But  no  doubt  the  most  important  advantage  lies  in  the  increased  flexi- 
bility and  the  degree  of  stretching  that  the  intcrscale-skin  permits.  This  can  readily 
be  seen  when  a  snake  is  distended  with  food  or  eggs,  for  at  such  times  the  intcr- 
scale  folds  are  flattened  and  the  space  between  scales  iiu  leased.  This  expansibility 
also  lac  ilitates  bodih  nioNt  nient.  Likewise,  it  must  he  renu-mbered  that  the  s\sit  ni 
of  scalation  aids  in  the  skui-shedding  process  itself,  tor  when  the  folds  are  iiaiiened, 
the  entire  skin  is  materially  enlarged,  and  so  it  is  that  the  relatively  narrow  skin  at 
the  neck  can  be  pulled  back,  without  diflKculty,  over  the  much  thicker  body. 

Rattlesnake  dorsal  scales  are  keeled — ^that  is,  there  is  a  longitudinal  ridge  down 
the  middle  of  each  scale.  These  keels  are  absent  on  the  lowest  one  to  three  scale 
rows  on  either  side.  Walls  (1938.  p.  lOS)  has  suggested  that  the  keels  may  have  an 
adaptive  advantage  in  reducing  shininess.  that  otherwise  might  lead  to  discovery 
by  enemies.  In  some  rattlers,  particidarly  those  of  (kiiiral  and  .South  America 
belonging  to  the  species  Crotalus  durissus,  the  keels  arc  especially  conspicuous, 
for  they  are  widened  just  posterior  to  the  middle  of  each  scale  into  a  prominence, 
or  boss,  that  gives  these  snakes  a  particularly  rough-scaled  appearance.  The  ridges 
probably  serve  as  longitudinal  reinforcements:  they  may  also  affect  reflectivity  or 
heat  absorption  from  radiation.  The  dorsal  scales  are  also  striated,  with  small 
auxiliary  ridges  radiating  posteriorly  from  the  central  ridge. 

Many  snakes  ha\e  tiny  j)iis — the  so-called  apical  scale  pits — at  the  posterior  end 
of  each  scale,  single  in  some  genera,  paired  in  others,  as  is  usually  the  case  in  those 
with  keeled  scales.  In  some  snakes  the  scale  j)its  are  (juite  prominent,  but  in  the 
rattlers  they  aic  only  faintly  evident  as  a  pair  of  minute  indentations  at  the  poste- 
rior tips  of  some  of  the  dorsal  scales.  They  are  more  apparent  toward  the  tail  or 
on  the  tail.  A  few  rattlesnakes,  including  the  Neotropical  rattler  (C.  durissus),  the 
speckled  rattler  (C.  mitchellt),  the  massasauga  (C.  catenatus),  and  their  subspecies, 
have  more  prominent  pits  than  others.  In  some  forms  the  scale  pits  are  accentuated 
by  dots  of  color:  this  is  particularly  true  of  the  Aruba  Island  rattler  (C.  unicolor). 
The  j)urpf)se  of  the  pits — and  the  skin  glands  of  which  they  form  the  orifices — is 
still  uncertain.  Some  have  thought  they  might  have  a  connection  with  skin-shed- 
ding; Cithers  have  associated  them  with  scent  in  sex  recognition  or  with  sonic  tactile 
function.  Pits  are  shown  on  the  scales  above  Nos.  9  and  10,  fig.  2:64. 
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The  rattlesnake's  $kin»  even  with  its  keratinize d  outer  layer,  is  not  completely 
moisture-proof,  and  snakes  can  suffer  serious  desiccation. 

The  Shedding  Operation 

A  hcaltliv  sn.ikc  sheds  its  skin  l)v  crawlini^  through  it  in  siith  a  wnv  iliai  the  skin 
peels  backw.iid  o\tr  the  snake's  body,  turning  inside  out  as  it  proceeds.  It  is  like 
peeling  a  glove  off  a  finger,  the  base  of  the  finger  representing  the  snake's  head, 
and  the  point  of  the  fii^r  its  tail. 

The  snake  about  to  shed  shows  some  nervous  activity.  Finally  it  rubs  its  snout 
on  some  rough  object,  thereby  loosening  the  old  skin  along  the  edges  of  the  upper 
and  lower  lips.  Then  the  coverings  of  the  top  and  lower  surfaces  of  the  jaws  are 
loosened  and  turned  l)ack  over  and  under  the  head.  More  scia])ing  or  nibbing 
against  rodcs  or  shrubbery,  together  ^vith  skin  movements,  and  body  kinking  and 
writhing,  continue  the  process,  pushing  the  old  skin  back  over  the  body.  .\  Ix  althv 
snake  needs  no  external  object  against  which  to  shed,  although  it  w  ill  use  one  if 
available.  A  snake  enclosed  in  a  glass  jar  has  been  seen  to  shed  l)y  scraping  one  [)art 
of  the  body  against  another.  Sometimes  there  may  be  a  temporary  impediment  and 
the  old  skin  will  gather  into  a  bunch  of  accordion  pleats.  But  soon  this  difficulty 
is  surmounted,  and,  once  the  narrow  neck-section  has  passed  over  the  thickest  pan 
at  mid-body,  the  snake  quickly  crawls,  using  rectilinear  prc>gression,  through  the 
remaining  part  of  the  skin  and  finally  emerges  with  its  bright,  fresh  surface  fully 
disclosed.  The  old  skin,  sometimes  bunched,  but  more  often  fully  extended  and 
inside  out,  is  left  to  be  destroyed  by  the  elements  or  to  be  used  as  nest  material  by 
some  fearless  bird."  Many  kinds  of  li/ards,  and  a  few  snakes,  are  known  to  eat  their 
shed  skins,  but  this  is  not  the  jjractice  of  rattlesnakes." 

The  normal  shedding  proctss  rccpiircs  from  a  few  minutes  to  se\tfial  hours, 
depending  on  the  health  and  activity  of  the  snake,  the  temperature  and  humidity, 
the  availability  of  rough  objects  on  which  to  scrape,  and  similar  conditions.  Snakes 
in  poor  health,  especially  when  afflicted  with  external  parasites,  sometimes  have 
great  difficulty  in  shedding,  although  the  shedding,  if  complete,  helps  to  eliminate 
the  pests.  Often  the  skin  comes  away  in  patches,  trouble  being  had  particularly 
with  the  eye  caps.  No  doubt  such  difficulties  are  of  more  frequent  occiurence  in 
captivity  than  in  the  wild.  Some  of  the  inaccurate  beliefs  respecting  shedding  have 
been  initiated  by  observations  of  nonnormal  individuals  adversely  affected  by 
captivity.'"  But  caged  snakes  that  are  well  cared  for  and  free  from  mites  have  no 
difficulty  in  shedding.  C  B.  Perkins  of  the  San  Diego  /oo  reports  that  his  charges, 
including  the  rattlers,  nearly  always  shed  the  skin  in  one  piece,  and  that  they  have 
little  trouble  in  starting  the  process  at  the  lips. 

The  shedding  mechanism  is  not  a  simple  matter  of  brushing  off  a  worn  skin; 

"For  lists  of  birds  iisinp;  snalce  sloughs  as  nestinfr  niaterint,  see  Strecker  fl926c  and  1927b)  and 

Grant  (19-18). 

" Occa.sionaIly  a  recently  shed  skin  is  tlie  means  ol  locating  a  concealed  snake.  (  liailcs  H.  I. owe, 
Jr.,  told  me  of  finding  a  pair  of  eastern  diatnondbacks  (C  adatnanti  us)  in  1  loiida  when  a  snake 
skin  in  the  open  caused  him  to  search  nearby  places  of  concealment.  The  shed  skin  was  6  feet  1 
inch  loni;,  whereas  the  larj^  of  the  two  snakes  xvas  one  foot  shorter.  This  shotvs  the  increased 
lenj^th  resnhing  from  the  shcddinj:  piocrssrs  and  the  sirniglilening  OUt  Of  the  folds  between  scales. 

I  hcre  is  a  general  belief  that  healthy  European  vipers  shed  their  skins  in  patches.  7  his,  for 
example.  Is  stated  by  Leigbton  (1901,  p.  70),  but  is  denied  as  being  mythical  by  EUlot  (1934c,  p. 
276). 
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rather,  it  invohcs  \  arious  physiological  provisions  facilitating  the  process.  Bruner 
(1907,  pp.  87,  91!)  lias  tlcscribcd  a  mechanism  whereby  reptiles  can  raise  the 
venous  blood  pressure  in  the  liead.  This  serves  as  an  aid  to  exuviation  by  swelling 
the  head  and  loosening  the  skin.  It  was  observed  in  the  eastern  diamondback 
rattler  (C.  adanianteus),  among  other  kinds  of  snakes,  and  is  no  doubt  utilized  by 
all  rattlesnakes.  Fraser  (1936-37,  p.  78)  observed  that  snakes  often  yawned  to 
start  exuviation  at  the  head;  and  Hudson  (1947,  p.  69),  describing  the  shedding  of 
a  young  sand  viper  (Aspis  vipera),  mentioned  the  fact  that  the  snake  opened  and 
dosed  its  mouth,  and  that  the  labial  plates  were  moved  as  if  to  expedite  the  loosen- 
ing of  the  slough  at  the  lips.  These  obser\ations  by  Fraser  and  Hudson  may  well 
be  the  external  manifestations  of  the  blood  pressure  rise  investigated  by  Bruner. 
Sometimes  a  snake  is  seen  to  move  or  bulj^e  the  scales  of  the  skin  at  the  part  of  the 
body  where  the  old  slough  is  being  detached;  this  is  particularly  eviilciu  at  tlie 
lower  lateral  plates  where  the  movement  is  somewhat  like  that  used  in  rectilinear 
locomotion.  The  late  Mrs.  Grace  Olive  Wiley  had  an  excellent  moving  picture  of 
a  western  diamond  rattler  shedding  its  skin.  The  old  skin  was  seen  to  be  loosened 
by  a  rippling  or  caterpillar  movement  produced  by  the  subsurface  muscles  at  the 
point  where  it  was  being  turned  back.  These  movements  caused  the  old  skin  to 
become  loose  scale  by  scale,  and  the  snake  crawled  through  it,  turning  it  inside 
out  as  it  moved,  without  making  any  attempt  to  brush  the  skin  against  an  ex- 
traneous object  or  to  hold  it  down  with  its  owu  Ijodv.  Gibbs  (1892,  p.  7),  watching 
an  eastern  massasaiii;a  (9.  r.  cntenntus)  as  it  shed  in  the  wild,  claimed  that  it 
loosened  the  skin  by  swelling  the  body  with  air.  Corkill  (1932b,  p.  2)  states  that 
exuviul  glands  aid  in  the  shedding,  presumably  by  discharges  that  loosen  the 
stratum  comeum  from  the  layer  below.  It  is  this  discharge  that  causes  the  char- 
acteristic milky  or  bluish  appearance  of  the  eye  of  a  snake  sometime  before  the 
shedding:  it  may  also  be  seen  at  the  proximal  rattle  of  a  rattlesnake.  Although  the 
exudate  dears  some  days  ))rior  to  tlie  actual  shedding,  a  frcsli  slough  will  be  found 
quite  moist,  as  was  noted  by  Garman  long  ago  (1888,  p.  259;  1889,  p.  172). 

Effect  of  Shedding  on  Sight 

The  skin-loosening  discharge  is  cxemplihed,  at  a  certain  stage  of  skin  shedding,  in 
the  exudate  that  appears  between  the  new  and  old  covering  of  the  eyeball  ctf  a 
snake — the  well-known  "blue-eyed"  stage  that  causes  partial  blindness,  but  which 
dears  up  some  days  before  the  actual  shedding  takes  place  (Garman,  1889,  p.  171; 

Metcalfe,  1907,  p.  123;  Pitman,  1938,  p.  10;  Davenjwrt,  1943.  p.  18).  Many  have 
thought  that  the  blindness  is  caused  by  a  thickening  and  resulting  opacity  of  the 
old  skin,  but  this  is  not  true,  as  is  evident  from  the  fact  that  the  eye  clears  a![^ain 
before  the  oUl  skin  is  shed.  Ciannan  noted  this  as  early  as  189.'5  (p.  102),  lor  he 
observed  that  the  cloudiness  of  the  eye  of  a  shedding  timber  rattlesnake  (C 
horridus),  which  became  apparent  beginning  on  .August  17,  disappeared  on  August 
SO,  although  the  snake  did  not  shed  until  September  4.  In  a  massasauga  (5. 
catenates)  the  milky  appearance  began  on  September  12  and  had  deared  away  by 
September  19,  and  the  snake  shed  5  days  later.  In  another  snake  of  the  same  spedes, 
the  interference  vanished  8  days  before  shedding.  f;armaii  ;ilso  observed  that  the 
milkiness  lasted  longer  in  specimens  kept  in  the  shade  than  those  in  the  sun, 
indicating  the  clarifying  effect  of  drying.  He  observed  the  same  opadty  in  the 
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snake's  proximal  rattle  sometime  before  shedding.  Storcr  and  AVilson  (1932,  p. 
169)  noted  a  northern  Pacific  rattler  (C.  v.  oreganus)  in  which  the  opacity  cleared 

6  days  before  shedding. 

C.  R.  Perkins  at  the  San  Diego  Zoo  made  observations  of  21  skin-shedding  sclied- 
ules  of  the  rattlesnakes  of  'J  dilfcrent  subspt  i  ics,  ri  ( orchng  the  onset  of  bluencss  in 
the  eye,  the  peak  of  opacity,  tiie  day  of  clarification,  and  the  final  interval  before 
shedding.  I'he  data  may  be  summarized  thus:  The  interval  between  the  onset  and 
the  peak  of  blueness  varied  from  2  to  7  days,  with  an  average  of  3.8;  the  period 
between  this  peak  and  the  time  when  the  eye  cleared  up  again  varied  &om  1  to  7 
days,  with  an  a\erage  of  4.3  days;  and,  finally,  the  dapsed  time  between  clarifica- 
tion and  shedding  ranged  from  2  to  6  days,  with  an  average  of  3.7  days.  This  final 
fignre  is  probahlv  the  most  objective  of  tlic  s<  rics,  since  it  is  easier  to  determine 
when  the  eye  has  cleared  than  when  the  p(  ak  ol  l)liu'iiess  is  attained,  faking  the 
start  of  opacity  as  an  indication  of  tlie  bcgiiuiing  of  the  shedding  sequence,  one 
can  see  that  the  average  duration  (to  the  final  shedding)  of  this  critical  period  in 
the  rattlesnake's  life,  in  these  captive  specimens,  was  11.8  days. 

Jackley  (1946a,  p.  2)  has  expressed  the  belief  that  rattlers  with  their  vision  im> 
paired  by  incipient  exuviation  are  seldom  seen  abroad,  but  stay  down  holes  or  in 
other  refuges.  There  is  little  doubt  that  this  is  true,  for  a  snake  would  be  less 
active  when  suffering  the  discomfort  of  partial  blindness,  and  would  be  less  likely 
to  expose  itself  to  its  enemies  while  lacking  the  full  use  of  one  of  its  senses. 

The  scale:  that  co\xis  the  eyeball  is  quite  clear  in  a  shed  skin  -clearer,  in  fact, 
than  any  other  element  of  the  skin.  Tiiis  is  a  further  proof  that  the  opacity  is  not 
caused  by  a  change  in  the  skin  itself. 

Water  Requirements  during  Shedding 

Mitchell  (1860,  p.  4)  stated  that  rattlers  are  especially  in  need  of  water  at  sheddii^ 

time.  Pope  (1925b,  p.  130)  expressed  the  belief  that  when  a  rattler  sheds  in  patches 
lack  of  water  is  the  probable  cause.  Quelch  (1891,  p.  8)  noted  that  captive  Neo- 
tropical rattlers  (C.  durissiis)  drank  more  water  before  skin-changing,  and  were 
likely  to  stav  on  the  ground,  when  at  other  times  they  climhtd  the  brandies  in 
their  cages.  Iraser  (193G-37,  p.  78)  observed  that  snakes  having  dilliculty  in 
shedding,  took  to  the  water;  and  King  (19-11,  p.  58)  tlujuglu  they  shed  more 
frequently  in  rainy  weather.  C.  B.  Perkins  believes  that  healthy  snakes  can  shed 
equally  well  with  or  without  water  available.  However,  if  one  has  difficulty  in 
shedding,  exuviation  can  be  facilitated  by  putting  it  to  soak  in  water  for  a  night. 
K.  P.  Schmidt  informed  me  of  a  captive  sidewinder  whose  condition  became  so 
bad  that  it  was  decitled  to  destroy  it.  For  this  purpose  an  attempt  was  made  to 
drown  it  in  warm  water.  The  following  morning  it  was  found  to  have  shed  several 
layers  ol  skni  (about  five),  and  this  was  followed  by  lu  recovery,  so  tliat  it  lived 
for  some  time  thereafter. 

Benedict  (1932,  p.  122)  found  that  the  onset  of  the  shedding  process  in  snakes 
led  to  an  increased  loss  of  water  by  evaporation  through  and  from  the  skin.  Bogert 
and  Cowles  (1947,  p.  1)  made  tests  tending  to  verify  this  obser\'ation.  They  are  of 
the  opinion  that  snakes  seek  water  during  ecdysis  to  avoid  desiccation,  and  not  to 
loosen  the  skin  (p.  24). 
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Rattle  Acquisitions 

It  is  now  well  known  that  a  rattlesnake  acquires  a  new  rattle  each  time  the  skin  is 
shed,  the  homology  of  the  rattle  with  elements  of  the  skin  being  recognized.  The 
belief  has  been  expressed  {Kunz6,  1879,  p.  333;  Smith,  1882,  p.  672)  that  the  fang 
replacement  is  also  coincident  with  shedding,  but  this  lacks  confirmation. 

I  111  Season  of  SHEDmNo 

Thcii!  arc  \aiioiis  lolkloi  t  Ix  licfs  n  j^arding  ilic  incc lianisni  ol  skin  changing.  IMiny 
(IH."),")-')?,  vol.  2,  p.  29-;  riioi  lulikc,  \[i2?>,  p.  71)  staled  tliat  snakes  cat,  or  rub  llicm- 
sclvcs  with,  fennel  piepaiatoiy  to  sliedding.  BiendK'  and  Unger  (19!^').  ]).  200) 
record  the  belief  of  the  Pennsylvania  Germans  that  snakes  shed  by  using  brier 
thorns  as  hooks  wherewith  to  pull  the  skin  off.  Tome  (1928,  p.  1 14,  but  writing  in 
1854)  thought  the  rattler's  skin  loosened  at  the  tail  first.  But  much  of  the  recent 
folklore  concerning  shedding  has  to  do  with  the  seasonal  regularity  of  shedding 
and  its  effects  on  the  habits  and  dispositions  of  the  snakes.  I  have  discussed  else- 
where (p.  45'.))  the  almost  universal  belief  that  rattlesnakes  are  blind  -from  the 
preparation  lor  shedding — in  August,  and,  at  that  time,  are  particularly  dangerous. 

As  a  matter  of  fatt,  there  is  little  evidence  that  the  snakes  adhere  to  a  rigid 
clironologiral  schedule  in  (li;iiii;in^  their  skins.  Probably  the  weather,  success  in 
caiinniiig  prev,  and  ollui  \aiial>le  < oiitlilioiis  lend  lo  change,  al  least  lo  some 
exiLiu.  the  elapsed  time  between  e\u\ iat ions.  J  his  \aiiation  has  been  noted  in 
captive  specinu  ns  tliai  are  kejjt  under  more  uniform  conditions  than  exist  in  the 
wild.  Messeling  (1933,  p.  22)  expressed  the  opinion,  not  corroborated  by  any 
records,  that  horridus  sheds  once  a  year,  unless  there  is  a  wet  spring,  in  which  case 
it  sheds  twice.  Certainly  in  the  young,  which  change  their  skins  more  frequently 
than  adults,  the  effect  of  the  food  supply  is  readily  noted;  for  in  the  juveniles  the 
periods  of  successive  skin  changes  arc  correlated  with  growth  rather  than  with  age, 
and  growth  is  dependent  on  food.  Sometimes  certain  young  snakes  in  a  brood  will 
accept  footl  when  their  brothers  will  not.  and  their  more  rapid  growth  and  more 
frecpient  skin  changing  become  (piitc  a|)]iarent.  This  is  furiher  verified  b\  the 
com  lusion  from  growtli  studies  thai  tlic  laiger  snakes  in  any  single  age-class  have 
more  rallies  than  the  smaller.  Thus  it  is  clearly  seen  ihat  the  frecpiency  of  shedding 
is  correlated  with  size  rather  than  with  age  alone. 

It  is  true  that  there  is  one  ecdysis  that  runs  quite  true  to  schedule — that  of  the 
young  rattlesnakes  after  birth.  As  indicated  elsewhere  (p.  730)  this  usually  occurs 
from  7  to  10  days  after  birth. 

If  there  is  any  other  regular  shedding  time,  it  prol)ably  follows  immediately 
upon  emergence  from  hibernation.  This  was  suggested  long  ago  by  Aristotle  (Cres- 
well.  1802.  p.  2ir)).  \'ols0e  (191 1.  p.  17)  has  found  this  to  be  tine  of  the  lAirojM^an 
vijjers;  and  it  may  indeed  be  ihe  case  with  those  rattlers  that  dwell  in  areas  having 
long  (old  winters,  and,  therefore,  relatixeh  slioit  active  seasons.  Further  studies 
on  this  matter  of  seasonal  regularity  are  desirable. 

One  myth  has  it  that  rattlers  shed  annually  for  7  years  and  then  shed  no  more. 
Grant  Watson  (1937,  p.  210)  relates  this  story:  A  large  venomous  black  snake  was 
killed  in  Tasmania,  and  the  skin  was  mounted  and  sent  to  England,  where  it  was 
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hung  on  the  wall  of  a  dining  room.  Every  year  for  the  next  10  years  it  shed  a  thin 
gauze  like  skin  of  outer  scales.  Can  this  be  another  of  those  gratuitous  critidsms  of 
Britisli  cooking? 

Shedding  Frequency 

Coming  now  to  the  intervals  between  exuviations,  as  dillcientiatcd  lioni  the 
season  of  skin-changing,  I  must  admit  that  much  of  our  available  information 
is  of  somewhat  doubtful  validity,  based  as  it  is  on  observations  of  captive  specimens. 
There  is  no  denying  that  the  conditions  of  captivity  seriously  modify  the  shedding 
schedules,  particularly  because  of  the  maintenance  of  relatively  high  temperatures 
in  the  reptile  houses  during  winter.  But  even  so,  we  can  at  least  show  that  the 
growing  young  slied  more  frequently  than  adults,  as  was  suggested  by  IngersoU 
(I88?5a,  p.  37).  Further,  bcraiisc  the  rattles  themselves  are  records  of  descjuama- 
tioirs,  we  are  able  to  assemble  the  statistics  of  unbrokcti  rattle  stiings  and  gain 
some  idea  of  the  natural  sheddings  in  the  wild  during  the  fust  year  or  two  of  life. 

For  example,  most  of  the  prairie  rattlers  (C  v.  viridis),  haviug  unbroken  rattle 
strings  when  found  at  the  hibernating  dens,  have  either  1  or  5  rattles;  few  have 
2  or  4,  and  almost  none  has  $.  Those  with  one  rattle,  the  button,  are  obviously 
young-of-the-year,  while  5  evidently  represents  the  mode  for  the  next  age-class. 
This  means  that  these  snakes,  at  an  .f^c  of  about  16  months — about  7  or  8  months 
of  actual  activity — have  changed  (heir  skins  5  times,  if  we  include  the  change 
imnicdiatelv  following  biith,  when  the  prcbutton  was  shed  and  the  button  dis- 
closed. Similai  studies  of  the  southern  Pacific  rattlesnake  (C.  7'.  hrllni)  and  the  reil 
diamond  (C.  r.  ruber)  in  San  Diego  County,  Califorina,  indicate  4  skin  changes 
in  the  first  full  growing  season — following  the  first  winter's  dormancy — and  3  or  4 
sheddings  during  the  second.  This  would  make  a  total  of  7  or  8  exuviations  (in- 
cluding the  shedding  at  birth)  when  the  snake  has  attained  its  second  birthday. 
These  skin-changing  schedules,  be  it  noted,  were  determined  from  average  con- 
ditions among  wild  rattlers.  They  indicate  a  frequency  definitely  higher  than  that 
obtaining  among  achdts. 

Ueyicnd  and  C^all  (1951,  p.  29),  in  their  observations  of  a  den  of  Great  liasin 
rattlers  (C.  t'.  lulosus)  near  Salt  Lake  (^ity,  Utah,  where  the  season  of  acti\iiy  is 
much  shorter  than  at  San  Diego,  found  that  most  of  the  ju\eniles  entered  their 
first  hibernation  with  a  single  rattle,  the  button,  although  a  few  had  acquired  a 
second.  They  usually  entered  their  second  hibernation  with  3  rattles,  but  some 
had  4.  Few  added  more  than  a  rattle  per  year  after  that.  This  is  a  slower  shedding 
schedule  than  that  noted  among  the  C.  v,  viridis  at  Platteville,  Colorado,  where 
the  modal  string  at  the  second  hibrt  nation  was  5. 

Fitrh  (1919a,  j).  r>27),  in  his  studies  of  the  northern  Pac  ific  rattler  (C.  r'.  nref^nnus) 
in  Mailera  CJuuniy,  Calilurnia,  Imind  the  nioLlal  string  loi  snakes  ciuciing  ihcir 
second  hibernation  to  comprise  1  rattles,  and  that  those  entering  their  third 
hibernation  had  6  or  even  7.  Since  most  entered  their  first  hibernation  with  a 
button,  the  average  snake  shed  3  times  in  its  first  full  active  season  of  about  7 
months,  and  twice  in  the  second.  Fitch  found  (p.  533)  that  young  rattlers,  if 
stunted  in  growth,  shed  less  frequently  than  the  more  normal  juveniles. 

From  all  of  these  data,  we  are  justified  in  (  onchiding  that  juvenile  and  adolescent 
rattlers  in  the  wild  shed  from  2  to  4  times  in  their  first  full  growing  season,  and 
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from  1  to  1  times  in  their  serond,  and  that  the  number  of  shedding&  depends  on 
tile  duration  of  the  season  ol  activity. 

Some  records  derived  from  young  captive  snakes  have  been  as  follows:  Of  j  (ap- 
tive  red  diamonds,  4  changed  their  skins  5  times  in  tlie  first  year,  and  one  changed 
6  times;  in  their  second  year,  one  changed  4  times  and  the  others  3  times.  A 
Colorado  Desert  sidewinder  (C.  c.  laterorepens)  exuviated  4  times  in  its  first  7 
months.  Of  4  scutulatus  x  unicolor  hybrids,  3  shed  6  times  in  their  first  year,  and 
the  other  5  times.  A  young  unicolor  shed  5  times  in  its  natal  year.  In  these  cases 
there  was,  of  <  ourse.  no  hihernation. 

'I  he  most  remarkable  records  of  frecjuent  skin  changes  in  voung  captive  rattle- 
snakes thai  I  lia\c  seen  weie  exhibited  by  9  western  diamonds  {C  atrnx)  born  at 
the  Brookfield  Zoo,  near  Chicago,  under  ihe  care  of  the  late  .Mrs.  Crace  Olive 
Wiley.  I  saw  them  ai  tlie  age  of  27  months,  at  which  time  ilie  sheddings  could  still 
be  ascertained  from  the  complete  or  almost  complete  rattle  strings  of  5  of  the  9. 
Including  the  birth  change,  one  had  shed  15  times,  three  16  times,  and  one  17.  On 
the  average,  they  had  shed  every  52  days,  or  7  times  per  year.  The  shapes  of  the 
rattle  strings  were  different  from  the  usual  form  in  the  wild,  for  the  strings  were 
smaller  and  more  gradually  tapering.  What  conditions  of  temperature,  humidity, 
or  food  caused  these  abnormally  frequent  skin  changes,  I  am  unable  to  state,  but 
at  least  these  specimens  indicate  the  degree  to  which  rattlers  can  be  affected  by 
captivity,  especiallv  when  theie  is  no  period  of  winter  t  est. 

For  a  long  time  it  was  belie\fd  that  latilesnakes  shed  but  once  a  vear  (Lawson, 
1709,  p.  129;  Dudley,  1723,  p.  295;  Britkell.  17:57,  p.  117;  C.ritlith  and  Pidgeon, 
1831,  p.  310).  No  doubt  this  belief  was  correlated  with  the  imperishable,  and 
even  older,  rattle-a-year  theory.  As  late  as  1876,  Moran  (p.  84)  wrote  to  the  editor 
of  a  sportsman's  journal  and  told  him  that  he  had  seen  a  timber  rattler  shed  twice 
in  a  summer.  The  editor  replied  that  it  was  believed  that  they  shed  only  cmce 
annually,  just  before  entering  hibernation.  Gradually  the  estimates  of  the  rapidity 
of  shedding  have  increased,  culminating  in  Davenport's  estimate  (1943,  p.  18)  of 
once  vww  20  days  during  the  active  season,  which  is  certainly  much  too  short  an 
intei\al,  e\en  lor  snakes  in  (a])tivitv. 

It  is  inipossiI)le  to  jiulge  the  shedding  intei\als  of  wild  adult  latiK  sti.ikc  s  h\  the 
rattles  of  ilen  aggregations,  as  has  be  en  done  with  juveniles  and  adolescents,  since 
their  strings  are  too  seldom  complete  to  afford  peaks  in  numbers  at  hibernating 
time.  For  this  reason  dependence  for  adult  data  must  be  placed  on  the  studies 
involving  the  marking  and  liberating  of  snakes,  or  on  records  derived  from  rattlers 
in  captivity. 

Fitch  (1919a,  p.  527),  from  his  studies  of  C.  v.  oreganvs  in  the  wild,  concluded 
that  fullv  adidt  males  shed  about  1.5  times  per  year  on  the  average,  and  adult 
females  1.1  limes.  lh\iend  and  Call  (1951,  p.  ?>2)  voiced  the  opinion  that  C.  v. 
lutosiis.  muh  I  conditions  of  the  shorter  active  season  near  Salt  Lake  City,  rarely 
shed  more  than  once  a  year  when  fully  adult. 

As  to  the  shedding  frequency  of  captive  rattlers,  the  statistics  in  table  6:5, 
wherein  each  line  represents  an  individual  snake,  were  compiled  from  studies  of 
adults  at  the  San  Diego  Zoo.  Each  snake  was  at  least  2  years  old  at  the  beginning 
of  the  compilation. 
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It  wOl  be  seen  that  the  sheddii^  per  year  vary  from  a  low  of  one,  in  two 
Colorado  Desert  sidewinders  (C.  c.  laterorepens)  and  one  southern  Pacific  rattler 
(C.  V.  Iielleri),  to  a  high  of  3.9  in  a  Mexican  west-coast  rattler  (C.  b.  basiliscus)  and 
a  timber  rattler  (C.  h.  horridus).  The  average  for  297  years  in  the  adult  lives  of  32 

TABLE  6.5 

Schedule  of  Skin  Sheddixgs 


SiihflDAcio 

Years  of 
obwrvfttion 

Averajje 
p«r  jmr 

 '  '  ■■  — 

12 

 :  

21 

—  — 
1.7 

6 

18 

2.2 

5 

10 

2.0 

8 

31 

3.9 

C.  h.  basiliscus  

8 

24 

3.0 

9 

19 

2.1 

15 

40 

2.7 

14 

37 

2.6 

C.  atroz  

11 

21 

1.9 

10 

20 

2.0 

14 

35 

2  5 

11 

22 

2.0 

C.  r.  rvber  

9 

81 

3.4 

C.  r.  nAer  

9 

27 

3.0 

8 

20 

2  5 

C.  r.  ruber. . .   

8 

15 

1 .9 

C.  r.  rvber  

8 

15 

1.9 

5 

10 

2.0 

C.  V.  viridU   

14 

22 

1.6 

C.  V.  viridi*  

9 

15 

1.7 

6 

18 

3.0 

C.  V.  hcUcri  

15 

38 

2  5 

7 

10 

2.7 

7 

7 

1.0 

13 

15 

1.2 

15 

23 

15 

11 

43 

3.9 

C.  h.  horridvt  

6 

15 

2.5 

6 

23 

3.8 

6 

9 

15 

6 

6 

1.0 

6 

6 

1.0 

Total  

297 

670 

2.8 

raltlcis  was  2.3  sh(  (klin!.;s  pi  i  1  lie  inaxiiiiiiiii,  loi  .iny  Miakc  in  any  one  yen, 

was  G  in  the  case  ol  a  busiliMUS  (known  to  be  5  years  old  ai  ilic  tinic):  and  ilie 
minimiim  none»  in  the  case  of  one  horridus,  although  it  resumed  shedding  in  the 
following  yean  One  atrox  showed  remarkable  uniformity,  in  that  it  shed  twice  a 
year  every  year  for  10  years.  Each  of  two  laterorepens  shed  at  annual  intervals 
for  6  successive  years.  Notwithstanding  that  the  snakes  comprised  in  this  record 
wore  at  least  2  years  old  at  the  time  they  were  first  included,  llie  statistics  show  a 
dehnite  tendency  toward  a  gradual  decline  in  the  frequency  of  shedding  with  age. 
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Howvwv.  ilu-  two  !)<isilis(  iis  r.n  h  slu  cl  I  liincs  ill  their  tenth  year,  and  3  per  year 
in  snaki  s  al  kast  S  \cais  old  is  iiol  unusual. 

i\s  to  the  coiidilioiis  uiulci  which  these  letoids  were  nuule,  the  .nhill  snakes  were: 
offered  iood  ai  biweekly  intervals  all  year  round.  H  an  individual  seemed  too  fat, 
the  interval  might  be  lengthened  to  3  weeks.  The  temperature  was  maintained 
at  80^  F.  in  winter;  it  may  have  run  somewhat  higher  at  times  in  summer,  as  no 
artificial  cooling  was  provided  and  there  was  a  considerable  area  of  glass  skylights. 
Locw'cn  (I'JIT,  i».  b3)  tells  of  a  niassasauj^a  (S.  cnlrnatus)  that  lived  in  captivity 
for  a  few  days  short  of  I  I  yeais,  during  whicii  it  shed  20  times,  or  1.9  per  year.  It 
shed  3  times  in  each  of  the  last  3  years,  which  was  more  tlian  in  any  of  tlie  early 
years. 

From  all  of  these  data  I  sliould  judge  that  adult  latilesnakis  in  the  wild  shed 
from  about  3  times  per  annum  where  the  climate  permits  activity  almost  all  year, 
down  to  once  per  year  where  activity  is  limited  to  about  6  months  of  the  year  or 
slightly  less. 

Various  conditions  of  health  and  diet  have  been  stated  to  affect  the  normal 

shedding  of  rattlers  and  otlier  snakes.  Fraser  (IQSO-.S?,  p.  77)  believed  that  well  fed 
snakes  shed  oftcner  than  those  that  arc  fasthig.  Although  this  was  doid)ted  by 
Stabler  (11)39,  p.  229),  it  is  imdoubtediv  true  ol  young  snakes.  .Allen  and  NeilJ 
(19r)()a,  p.  10)  also  lound  that  rattlers  shed  less  oUen  il  lieding  j>oorly. 

Allen  and  Swindell  (1918,  p.  7)  reported  that  water  moccasins  shed  more 
frequently  when  ill  or  when  afflicted  with  skin  infections.  Neill  (1919,  p.  115)  also 
concluded  that  injiu  y  accelerated  shedding  in  snakes,  although  this  is  doubted  by 
Perkins  (1950,  p.  35).  Loomis  (1951,  p.  83)  believed  that  a  chigger  infestation 
speeded  skin  changing  in  prairie  rattlers  (C.  i'.  viridis), 

Schaefer  (1933,  p.  1363)  found  shedding  intervals  to  be  affected  by  thyroid 
activity;  rediued  activity  increased  the  fretjuency  of  shedding. 

Additional  discussions  of  shedding  schedules  will  he  lound  in  (.hu  !<  h  (1S9I, 
p.  8).  Guthrie  (1921,  p.  117;  1929.  p.  3r>l),  .Stabler  (19:59.  p.  227;,  Falck  (1910,  p. 
135),  Fitch  and  Glading  (1917,  p.  116).  and  Stickel  (1952,  p.  9). 

LOCOMOTION 

Since  man  saw  his  first  snake  he  has  pondered  the  puzzle  of  its  motion.  To  see  it 
flowing  over  the  ground  with  effortless  grace  gives  no  indication  that  the  propelling 
force  is  coming  from  within  the  creature  itself. 

"There  are  three  things  whic  h  are  too  wonderlu!  for  me,  yea,  four  whic  h  I  know 
not:  The  ^vay  of  an  eagle  in  tlie  air;  the  wa\  f)i  a  sei  jK  iit  upon  a  rock;  the  way  ol  a 
ship  in  the  midst  of  the  sea;  and  the  way  ol  a  man  with  a  maid."  Proverbs  x\,\: 
18-19." 

According  to  Chateaubriand  (1856,  p.  112)  the  snake  has  "neither  fins,  nor  feet, 
nor  wings;  and  yet  he  flits  like  a  shadow,  he  vanishes  as  if  by  magic,  he  reappears 

and  is  gone  again,  like  a  light  azure  \ajjor,  or  the  gleams  of  a  sabre  in  the  dark." 
John  Ruskin  (1869,  p.  83)  wrote:  "That  rivulent  of  smooth  silver — how  does  it 

-Vnon.  (1883a,  p,  Hi'i)  sivs  die  Ilcljraic  uni(lin«;  leaves  no  doubt  it  was  the  serpents  method  of 
progression  that  wa^  dt-cnicd  beyond  undcrsiandiujj. 
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flow,  think  you? . . .  Watch  it,  when  it  moves  slowly:— A  wave,  but  without  wind! 
a  current,  but  with  no  fall!  all  the  body  moving  at  the  same  instant,  yet  sonic  of  it 
to  one  side,  some  to  another,  or  some  forward,  and  the  rest  of  the  coil  bac  kwaids; 
but  all  with  the  same  calm  will  and  equal  way — no  contraction,  no  extension;  one 
soundless,  causeless,  march  of  si  cjui  lu  rin,L;s,  and  spectral  procession  o£  spotted  dust, 
with  dissolution  in  its  langs,  dislocation  in  its  coils." 

The  puzzle  of  the  snake's  motion  lies  in  the  lack  of  an\  apparent  force  exerted 
on  the  ground,  such  as  is  seen  when  an  ordinary  creature  moves  its  alternating 
legs;  there  is  no  evidence  of  its  pushing  itself  forward.  Here  is  an  attenuated  body 
disposed  in  waves;  and,  seemingly  without  effort  on  its  own  part,  it  flows  forward 
into  new  waves,  as  water  might  run  down  a  slope  within  the  hanks  of  a  stream. 
If  the  eye  be  focused  on  a  single  point  of  ground  along  which  a  brightlv  colored 
snake  is  passing,  one  will  see  the  spots  or  rings  glide  by,  along  an  unchanging, 
narrow  path,  l  lu  bodv  decreases  and  is  gone,  yet  all  the  while  it  seems  to  have 
exerted  no  pusii  to  caubc  the  niovenient. 

During  the  past  few  years  there  have  been  renewed  attempts  to  explain  the 
motion  of  the  snake,  seeking  to  show  how  the  muscular  source  of  the  effort  is 
converted  into  the  even  flow  of  the  entire  body.  Among  those  who  have  advanced 
our  knowledge  of  the  mechanical  principles  invcdved,  have  been  Fokker,  Wiede- 
mann, Mosauer,  Gray,  Lissmann,  and  Bogert,  to  whose  works  detailed  references 
will  later  be  made. 

Although  one  method  of  crawling  is  both  more  common  and  less  readily  ex-- 
pli(able  than  the  rest,  snakes  actually  employ  four  different  kintls  of  propulsion 
to  which  the  following  names  have  been  applied;  Horizontal  undulatory,  recti- 
linear, sidewinding,  and  concertina.  Rattlesnakes  use  all  of  these  at  times,  although 
only  one  spedes  (C.  cerasteij  is  adept  at  sidewinding;  and  the  concertina  method 
is  of  relatively  restricted  utility.  I  shall  now  describe  each  of  these  methods,  the 
mechanical  princij)lcs  in\olvcd,  and  the  circumstances  under  which  they  are 
likely  to  be  used.  .Although  the  four  methods  are  sharply  distinguished  when 
practiced  in  a  typical  manner,  they  can  be  employed  in  such  a  wav  as  to  change, 
by  degrees,  from  one  to  the  other;  and,  indeed,  a  snake  can  simultaneously  use  one 
method  anteriorly,  while  another  is  emj)loyed  toward  the  tail. 

Rattlers  do  not  differ  essentially  from  other  snakes  in  their  ways  o£  crawling; 
their  choice  of  method  is  dictated  by  their  objectives  and  the  character  of  the 
ground.  But,  as  they  are  relatively  heavy-bodied,  they  use  rectilinear  progression 
more  frequently  than  do  slimmer  snakes,  many  of  which,  indeed,  are  quite  in- 
capable of  moving  in  this  way.  Naturally,  using  rectilinear  progression  more,  they 
use  the  commonest  of  the  four  methods — horizontal  undulatory — somewhat  less 
than  do  most  other  kinds  of  snakes,  although  they  are  quite  capaf)le  of  employing 

il  when  (occasion  i  <t|uii  cs.  .Also,  one  of  llic  r;i  1 1  Icsnakcs,  tlu-  di  s(  i  t  lioiiud  ratlle- 

snakc  or  sidewinder,  is,  as  its  popular  name  implies,  pariieulaiiy  adept  at  the 
method  of  crawling  known  as  siikwinding,  a  distinction  shared  by  only  a  tew  other 
desert  snakes  the  world  around. 

Horizontal  Undulatory  Progression 

Most  snakes  normally  crawl  by  means  of  the  horizontal  undulatory  method — or, 
as  it  is  sometimes  called,  the  serpentine  or  sinusoidal.  Yet,  while  the  commonest 


Copyrighted  material 


364       Bodily  Functions 


of  the  lour  rccogni/cd  nictliods,  it  is,  at  oiuc,  both  tlic  most  clifhcult  to  describe 
and  to  understand,  as  a  simple  jiroblem  in  mechanics. 

The  snake,  with  its  body  in  a  series  of  side  waves  (fig.  G:.5),  glides  smoothly  along, 
each  part  of  (he  body  unerringly  following  the  wavy  path  lirst  taken  by  the  head 
and  neck,  i  he  waves  are  as  nearly  horizontal  as  may  be  permitted  by  the  unevcn- 
ness  of  the  ground  over  which  the  snake  is  crawling  and  upon  which  the  waves 
rest;  it  never  uses  one  or  more  vertical  loops  such  as  that  alfected  by  an  inchworm, 
whidi  was  the  snake  motion  most  commonly  dcpided  in  ihe  prints  in  the  old 
natural  histories.  This  supposed  method  of  progression  by  vertical  loops  has  been 
attrii)utcd  to  snakes — including  rattlers — even  by  fairly  recent  writcis  (Cioldsmith, 
1771,  vol.  7,  p.  183;  Grimth  and  Pidgeon,  1831,  p.  287;  Martin,  18.')l,  p.  197; 


Fig.  fi:r>.  Southern  Pacific  rattlesnake  (C.  v.  helleri)  in  trawling  position  when  using 
horizontal  niululatory  method  of  progression  at  slow  pace. 


Owen,  1866,  p.  260;  Roget,  1870,  vol.  1.  p.  361;  Rivers,  1871,  p.  509;  Reid,  1889,  p. 
226)  although  denied  by  Aristotle  many  centuries  before  (Forstcr,  1937,  p.  513). 

I  he  puzzle  in  the  horizontal  undulatory  method  of  crawling  is  the  conversion 
of  the  body  waves — the  lashing  of  the  body  from  side  to  side — into  longitudinal 
motion.  One  might  expect  that  this  lashing,  if  effective  at  all,  would  cause  the 
entire  body  to  slide  across  the  ground,  leaving  a  track  as  wide  as  the  maximum 
width  of  the  waves.  Indeed,  on  a  very  smooth  surface,  this  result  is  produced, 
for  the  lashing  is  highly  inefrectivc;'"  and  the  same  result  may  be  noted  in  a 
swimming  snake  where  the  lashing  produces  a  relatively  slow  forward  motion  in 
snakes  unaccustomed  to  water.  Hut  give  a  snake  a  firm  and  rough  substratum  upin 
which  to  travel,  and  the  lashing  becomes  converted  into  longitudinal  motion,  so 
that  it  ceases  to  be  evident  as  lashing  at  all.  I  he  motion  is  not  longitudinal  in 
the  direction  of  the  objective,  but  along  the  body  of  the  snake,  as  a  file  of  ants  might 
follow  a  winding  path.  Actually,  the  snake  pushes  backwaid  against  any  irregu- 
larities in  the  ground  that  will  prevent  bac  k-slippage,  but  the  push  is  evident  only 
if  the  objeds  |)ushed  against  are  movable,  as  is  the  (ase  when  a  snake  liaverses 
sand;  and  the  mechanical  priiuipkrs  involved  in  converting  this  backward  push 
into  the  smoothly  gliding  body,  following  a  narrow,  wavy  track,  are  by  no  means 
simple. 

That  a  snake  deliberately  feels  for,  or  seeks,  irregularities  in  the  ground  that  will 
serve  as  stationary  pivots  or  anchors  against  which  it  can  push,  is  shown  by  its 

'*De  Lys  (I91R,  p.  70)  stated  that  in  certain  ancient  rituals  snakes  were  placed  on  smo«)th  sur- 
faces so  they  could  not  esiapc 
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every  action.  Placed  on  the  giound  among  an  irregular  arrangement  of  stones  or 
the  stems  f)f  hiisiies,  the  snake  will  disf>ose  its  curves  in  what  seems  to  be  a  hap* 

hazard  and  irregular  arrangement;  but  ac  tualh  the  curves  are  reallv  so  nligned  as 
to  take  advantage  of  the  nearest  a\ailahle  jjixots.  But  it  the  surlace  ol  tlic  gtourul 
is  nioie  even,  yet  still  has  a  high  eiiongli  coeiTKient  oi  fric  tion  to  afToril  sonietliing 
against  which  the  snake  can  push,  then  the  curves  followed  by  the  snake  are  more 
regular.  Coarse  sand,  uniform  pebbles,  or  short  stiff  grass,  comprise  such  surfaces. 
In  these  cases  no  particular  irregularities  stand  out,  and  the  snake  will  usually 
take  the  form  of  two  successive  sinusoidal  curves,  one  on  each  side  of  a  central 
axis  that  points  toward  the  objective.  But  the  number  and  depth  of  Uie  curves 
depend  on  \hc  cliaiactcr  of  the  surface,  the  habitus  of  the  snake  (including  the 
length  of  its  uil),  and  the  urgency  of  its  movement,  so  that,  in  practice,  two  equal 
and  coniplemeniarv  waves  arc  seldom  seen.  A  prowling^  snake  will  employ  more 
and  shallower  curves  than  one  that  is  frightened  and  seeking  sjn  cdilv  to  escape. 

Various  authors  (e.g.,  Mosauer,  1932c,  p.  583)  have  shown  that  a  snake's  vertebral 
column,  although  resistant  to  stretching  or  compression  along  the  axis,  is  capable 
of  lateral  flexure  with  little  resistance,  and  so  is  well  designed  to  transmit  propul- 
sive forces  along  the  body  from  one  element  to  the  next,  as  a  locomotive  in  the 
center  of  a  train  on  a  wavy  track  would  have  no  difficulty  in  transmitting  a  uniform 
motion  to  every  car  in  a  train,  whether  ahead  or  bcliind. 

Despite  statements  to  tlie  contraiy,  those  who  ha\e  studied  the  mechanical 
principles  of  sinusoidal  snake  locomotion  (e.g.,  Mosauer,  1932c,  p.  are  agreed 
that  ilie  \(  iiii.il  plates  arc  not  used  ratchelwisc  as  a  part  of  the  mechanism  of 
horizontal  undulatoM  motion,  nor  is  there  rib-walking,  as  is  sometimes  stated. 

Continuing  the  analogy  ol  the  train  on  the  wa\y  track,  we  may  note  that  the 
movement  of  the  train  does  not  depend  on  the  presence  of  a  propulsive  force  in 
every  car.  Furthermore,  one  particular  car  need  not  always  be  the  locomotive. 
Judging  by  the  pushed-up  piles  of  sand  that  are  left  by  a  snake  moving  on  the 
surface  of  line  sand  or  dust,  we  know  that  the  greatest  lateral  pressure  is  exerted  at 
the  outer,  rear  section  of  each  loop  (Mosauer,  1935b,  fig.  6;  Cowles,  1941,  plate  4, 
fig.  1;  Grinnell  and  Storer,  192-1,  plate  10,  fig.  1)).  It  is  as  if  each  car  of  a  train 
on  a  wa\y  track  should  licromc  a  locomotive  just  as  it  s\\ings  outward  toward  the 
extreme  bulge  of  the  curve,  only  to  lose  its  jjower  to  propel,  thus  becoming  an 
inert  follower,  when  this  outer  bidge  is  reached.  This  point  of  maxinunn  aj)plica- 
tion  of  lateral  pressure  is  evident,  not  only  from  the  sand  piles  that  border  snake 
tracks,  but  can  be  observed  by  means  of  watching  a  snake  moving  through  short 
grass,  or,  as  is  done  by  some  experimenters,  from  the  motions  of  sticks  or  bristles 
suspended  from  above  a  movii^  snake  (Mosauer,  1932b,  p.  201).^ 

It  remains  to  be  shown  how  the  lateral  picssure  i^ainst  a  pivot  or  anchorage 
point  can  be  exerted  bv  the  snake's  musculature  in  such  a  wav  as  to  convert  tlie 
pressure  into  longitudinal  fr»\vard  motion  along  the  body  of  the  snake.  Of  this 
mechanical  problem,  solutions  have  been  proposed  by  Kokker  (1927,  p.  65), 
Mosauc  r  (1932b,  p.  199;  1932c,  p.  .583),  Gray  (191(5,  p.  101),  and  Gray  and  Lissmann 

"These  tests  .nlsn  slioued  th.it  sn.nkcs,  when  crawling  by  this  metlioci,  were  not  dependent  on 
their  ratchet-like  ventral  plates,  alihongh  it  is  true  that  on  soft,  yielding  media,  the  sharp 
ventrolateral  ridge  along  the  vcntrals  of  some  sand-dwcliing  snakes,  such  as  that  found  on  Has 
shovel-nosed  snake  (Chionactis  occipitalis),  does  aid  progression  (.Mosauer,  1931,  p.  58). 
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(1950,  p.  354).  Fokkcr  s  English  summary  (p.  71)  is  as  follows:  "The  locomodon  of 
serpents  is  explained,  after  an  analysis  of  a  mechanical  analogy,  by  assuming 
musc  ular  action  which  tends  to  stretch  [straighten?]  the  body  where  the  curvatm'c 
of  the  path  decreases,  and  which  tends  to  bend  the  body  where  the  curvature  of 
the  path  increases  in  the  direction  of  motion." 

Mosaucr  shows,  by  a  parallelogram  of  forces,  how  a  lateral  pressure  against  an 
obstruction  can  be  converted  into  a  loi^tudinal  motion.  The  snake  presses  the 
posterior  part  of  a  body  wave  against  a  stationary  object,  the  reaction  of  which  is 
perpendicular  to  the  snake's  body  at  the  point  of  contact.  The  resultant  force  and 
motion  are  directed  longitudinally  along  the  center  line  of  the  snake's  body.  As 
each  successive  element  of  the  body  passes  the  pivot  point,  it,  in  turn,  is  pressed 
against  that  point  and  becomes  the  motive  force  pirshing  the  bcxiy  forward.  It  is 
as  if  our  train  of  cars,  instead  of  being  activated  by  forces  applied  to  the  wheels, 
were  mouuicd  on  a  flexible  track  that  {iermittcd  one  of  the  cars  on  the  rearward 
half  of  a  side  wave,  to  push  against  a  telephone  pole  close  to  the  track,  at  the  same 
time  sliding  along  the  trade.  The  train  would  be  caused  to  advance  along  the 
track,  with  each  successive  car  pushing  against  the  pole  as  it  passes. 

Mosauer  made  a  close  study  of  snake  musculature  and  correlated  his  theory  with 
the  body  flexure  that  must  be  derived  from  the  muscles,  it  being  remembered  that 
muscles  can  exert  force  only  by  shortening,  that  is,  by  tension. 

The  weakness  in  Xfosaucr's  exjxisition  lies  in  his  failure  to  show  simultaneous 
parallelograms  of  forces  for  several  pivot  j)oints,  without  which  it  is  not  demon- 
strated how  the  snake  can  exert  pressure  on  any  one. 

This  deficiency  has  been  supplied  by  Gray  (1946,  p.  102),  who,  l)y  means  of  a 
mechanical  analogy  involving  sections  of  hinged  rods  and  springs  to  represent  the 
snake's  skeleton  and  muscles,  reached  the  conclusion  that  the  motion  is  not  only 
dependent  on  adequate  pivots,  or  points  ol  resistance,  but  that  the  shape  of  the 
curves  is  of  paramount  importance,  it  being  necessary  that  "the  angle  which  the 
axis  of  any  segment  makes  with  that  of  the  segment  immediately  in  front  nf  it 
must  be  greater  than  that  which  it  makes  with  that  of  the  scinment  innncclunely 
poste  rior  to  itself"  (p.  !()'>).  Gray  sununari/es  his  theory  ol  serpentine  (horizontal 
undulatory)  motion  as  depending  on  the  following  three  factors:  "(1)  I  he  body 
must  be  thrown  into  one  or  more  curves  each  of  which  exhibits  an  increase  of 
curvature  when  measured  toward  the  head  of  the  animal.  (2)  Active  muscular 
tension  must  develop  in  the  axial  muscles  which  lie  on  the  same  side  of  the  body 
as  that  in  which  the  curve  is  increasing.  (3)  The  body  must  be  subjected  to  at  least 
three  external  resistances  acting  normally  to  the  surface  of  the  body.  The  propul- 
si\  e  force  is  the  resultant  of  the  reactions  exercised  by  all  tliese  external  resistances" 
(p.  119). 

Ciray  and  Lissniann  (1950.  p.  .^51)  made  studies  of  simisoidal  motion  using  a 
liinopean  glass  snake  operating  in  a  channel  with  zigzag  walls,  against  pendulums, 
or  against  rigid  pegs.  They  determined  the  intensity  and  direction  of  the  muscular 
effort  exerted  by  the  snake,  and  the  sliding  friction  of  the  surface  crawled  over, 
which  friction  the  snake  must  overcome.  They  concluded  that  "the  forward  move- 
ment is  due  to  the  operation  of  the  vertebral  column  as  a  series  of  levers"  (p.  S67). 

As  one  watches  a  rattlesnake  crawl,  using  the  inidulatory  method,  it  is  apparent 
that  it  seldom  has  cause  to  adopt  a  series  of  even,  balanced  curves,  for  this  is  done 
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only  where  the  ground  surface  is  without  irregularities,  as,  for  example,  on  smooth 
sand  or  the  surface  of  a  lawn.  Under  other  more  usual  conditions,  the  body  takes 
advantage  of  whatc\or  irregularities  that  iiia\  sci\(  as  pivots  ai^ainst  wiiirh  to 
push,  siuh  pivots  being  on  both  sides  of  the  Inic  or  axis  that  lepiescnis  the  direc- 
tion ot  iiavel.  I  lie  head  and  neck  arc  raised  slightly;  they  lace  iorwaid,  and  d(  \iate 
less  from  the  axis  of  travel  than  do  the  waves  of  the  body  that  lollow.  Thus  it  is 
evident  that  the  pivots  are  not  discovered  by  sight,  but  by  the  pressure  of  the 
body  against  them;  and  what  is  most  amazing  is  the  way  in  which,  when  a  forward 
element  of  the  body  has — if  I  may  use  anthropomorphic  terms — discovered  and 
used  a  suitable  obstruction  against  which  it  may  push,  each  succeeding  body 
element  follows  in  exactly  the  same  path,  so  that  eai  h  in  turn  pushes  against  the 
ol)stru(  tion  w  hen  it  arrives  there.  And.  of  course,  there  aie  always  several  such 
pivois  l)c  iut^  [uishcd  against  siniukanc oiisly  as  the  snake  gbdes  along. 

W  he  n  a  snake  is  athaiuing  by  undulaiory  motion  in  a  soft  medium  such  as  dust 
or  fine  sand,  it  makes  its  own  pivots  in  the  form  ol  raised  sand  crescents  on  opposite 
sides  of  the  axis  of  travel.  The  posterior  points  of  the  crescents  are  always  nearer 
the  central  axis  than  the  anterior;  in  fact,  they  overlap  the  axis.  The  crescents 
become  longer  and  higher  as  the  snake  moves,  so  that  they  are  more  useful  to  the 
posterior  part  of  the  snake's  body  than  to  the  anterior. 

That  additional  studies  of  horizontal  undulatory  motion  arc  desirable  goes 
without  saying.  The  shapes  of  the  curves  made  on  uniform  snrfaccs  should  be 
plotted  and  analv/ed,  and  then  (orrelaled  with  siuh  vaiiabks  as  relati\e  speed, 
sul)Miatum  texture,  ground  slope,  body  shape  (slim  compared  with  heavy-bodied 
snakes),  and  tail  length.  Such  studies  can  be  made  only  on  uniform  substrata. 
Although  the  fundamental  kinematics  of  sinusoidal  movement  are  now  under- 
stood, much  still  remains  to  be  done  on  this  problem  that  puzzled  the  proverb- 
maker  Agur  so  long  ago. 

REcriLiNtAR  Progression 

Rectilinear  jjrogrcssion  is  a  method  esperially  useful  to  large  thick-bodied  snakes, 
such  as  pythons,  boas,  and  the  laiger  \  ipers.  Rattlesnakes  of  all  kinds,  particularly 
adults,  emjiloy  it  extensively,  chiefly  when  they  are  prowling  and  unhuiiied.  It  is 
one  oi  the  two  methods  of  crawling — the  other  is  the  concertina  type — in  which 
the  ventral  scutes  play  the  important  part  formerly  attributed  to  them  as  essential 
to  all  types  of  locomotion.  This  method  has  been  called  the  "snail  motion"  by 
Wiedemann  (1932,  p.  572)  and  the  "caterpillar"  by  Mosauer  (19S2b,  p.  207;  1932c, 
p.  583),  but  Gray's  designation  "rectilinear  "  is  to  be  preferred. 

The  motion  has  long  been  recognized,  since  anyone  who  Jkis  watched  some  of 
the  boas  or  pvthons  move  must  have  observed  it.  The  method  of  operation  was 
fiiM  cK  s»  I  il)ctl  ill  detail  h\  Ilfunc  (1HI2,  p  ]Ck^\.  ;\u<]  has. since  been  elabomted  by 
Wiedemann  (1932,  p.  572),  Mosauer  (19j2b,  p.  207;  iy32c,  p.  585),  Bogert  (1917b, 
p.  253),  and  Ltssmann  (1950,  p.  368). 

Most  descriptions  of  snake  motion,  whether  undulatory  or  rectilinear,  since 
Home's  paper  of  1 8 12,  have  pictured  the  snake  as  "walking  on  its  ribs";  indeed  the 
idea  dates  back  at  least  to  Tyson  in  1683  (p.  28).  But  while  gradually  it  came  to  be 
recogiii/ed  tliat  rib  movement  did  not  plav  an  essential  role  in  the  imdulatory 
method,  the  rib  theory  has  persisted  in  the  explanation  of  rectilinear  motion,  even 
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to  the  present  time  (Gray,  1916,  p.  101).  However,  as  Mosaiier,  Bogert,  and  Liss- 
niann  have  pointed  out.  e\xn  in  this  method  ol  propulsion,  the  ril)s  arc  not  em- 
ployed in  the:  sense  ol  'ril)-\valk.ing,"  f<}r  the  tips  ot  the  ribs  remain  unmoved 
relative  to  the  vertebral  column.  On  the  contrary,  the  crawling  is  effected  by 
reciprocating  movements  between  the  snake's  skin  and  its  body.  As  Bogert  has 
indicated,  it  is  possible  only  to  snakes  having  a  loose  attachment  between  the 
skin  and  the  interior  undersurface  of  the  body  itself,  a  condition  absent  in  many 
kinds  of  snakes. 

In  operation,  a  section  of  the  skin  of  the  belly  is  drawn  forward  so  that  the 
ventral  scutes  in  that  section  appear  to  be  l)unched.  This  |iart  of  the  body  is  then 
pressed  on  (he  ground  so  that  the  sharp  rear  edi'cs  of  the  venlials  may  engai^e  any 
availal)le  imperfections  of  the  ground  surface  and  thus  be  pre\ented  from  slipping 
hack.  Then  the  body  slides  forward  within  the  skin,  pulled  by  appropriate  nnisdes, 
until  it  once  more  is  in  normal  alignment  with  the  skin.  Then  once  again  the  skin 
slides  forward  and  the  process  is  repeated.  During  the  forward  motion,  the  skin  is 
raised  so  as  to  clear  the  ground,  or  at  least  enough  to  reduce  the  friction  of  its 
advance.  When  it  comes  to  rest,  it  is  pi  essed  into  the  ground  to  secure  an  anchorage 
against  slipping  back,  while  the  bod\  is  being  pulled  forward.  1  bus  we  have,  in 
eflFect,  a  ratthet  in  whith  the  \(ntral  scutes  are  the  teeth,  engaging  such  gioiuul 
ii  regularities  as  ilu  y  may  hook  on.  Abo\e  this  ratc  het  we  have  a  musi  le ojiei  atcd 
reciprocation  between  the  skin  and  body.  It  should  be  made  clear  that  the 
reciprocating  movements  are  only  between  the  lower  surface  of  the  body  and  the 
adjacent  skin,  for  there  is  no  similar  motion  dorsally;  in  other  words,  the  body  and 
skin  do  not  have  relative  motion  in  their  entirety  but  only  between  their  lower 
surfaces. 

Furthermore,  the  ventral  surface  of  the  skin  is  not  all  acting  in  the  same  way 
at  the  sauK-  linn-,  lui  some  sections  are  pushing  h.ukwaicl  ai^aiusi  i!)c  i>r()inicl,  while 
others  are  raisetl  aiul  disengaged  from  the  substratum.  V<n  what  has  just  been 
describetl  is  the  occurrence  at  a  single  segment  of  the  body;  it  remains  to  meiiiion 
the  conrelation  between  segments  composed  of  groups  of  ventral  scutes.  As  one 
watches  an  individual  segment,  he  will  clearly  see  the  skin  of  the  ventrum  raised 
and  advanced — relative  to  the  stationary  skin  of  the  dorsum — then  lowered  and 
pushed  back.  This  involves  a  compression  of  ventrals  at  one  point  and  a  corre- 
sponding spreading  at  another.  If  the  body  is  viewed  as  a  whole,  it  will  be  seen 
that  these  compression  ■waves  pass  backwaid  from  the  head  towaid  the  tail.  They 
aie  ah\a\s  adcniuated  or  more  intense  at  mid-body,  where  the  weight  of  the 
snake  makes  the  ratchet  action  most  effective;  they  are  little  in  evidence  at  the 
neck  and  again  diminish  in  intensity  at  the  tail.  Generally,  as  a  snake  is  moving 
uniformly,  several  of  these  compression  waves — ^with  suitable  interspaces — ^will 
be  observed  following  each  other  uilward.  These  movements  can  be  visualized 
in  the  excellent  diagrams  of  Lissmann,  1950. 

These  successive  and  uniformly  sj^aced  waves  down  the  length  of  the  body  are 
not  alwavs  in  evidence.  Sometimes  it  will  appear  that  tlu  snake  is  using  only  one 
or  more  short  sections  of  the  bodv  lor  the  i eciproc aling  motion,  as  if  these  parts 
were  supplied  with  legs  and  the  test  were  not,  and  all  the  motion  weie  s^i  iK  iait  d 
in  them.  This  is  particularly  evident  when  only  a  short  section — usually  somewhat 
anterior  to  mid-body — is  being  reciprocated.  In  such  a  case  one  may  see  a  single 
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group  of  vcntrals  slide  forward,  grip  the  soil  and  remain  stationary  while  the 

body  is  pulled  up  to  them. 

It  might  be  thought,  from  the  dcsci  ipiion  of  rectilinear  progression  and  the  term 
itself,  that  it  is  suitable  only  for  protecdiug  in  a  straight  line.  Such  is  not  the 
fact;  a  snake  can  turn  a  sharp  corner,  or  even  reverse  its  direction,  without  deviating 
from  the  rectilinear  method. 

Rectilinear  progression  is  often  used  in  conjunction  with  other  types.  When 
combined  with  the  undulatory,  it  partakes  of  the  nature  of  concertina  motion. 
These  combinations  are  usually  employed  on  smooth  or  difficult  surfaces,  or 
where  the  snake  is  confined  to  a  narrow  channel.  A  rattlesnake  proceeding  down 
a  slight  incline  Avas  observed  to  start  with  an  undulatory  movement,  after  which 
it  coasted  down  the  slope  by  red i linear  |)rogression. 

The  ie(  liliju  ar  type  of  progression  is  probably  the  normal  method  used  by  adidt 
rattlesnakes  when  they  are  prowling  about,  and  have  not  been  startled.  Since  a 
straight  track  is  left,  it  is  easy  to  tell  when  a  snake  has  been  using  rectilinear 
locomotion,  but  it  is  sometimes  impossible  to  tell  in  whidi  direction  it  has  gone, 
as  no  tell-tale  piles  of  pushed-back  earth  or  sand  are  left,  such  as  mark  the  path 
of  an  undulating  snake.  However,  if  there  are  small  depressions  in  the  path  of  a 
crawling  snake,  sand  or  earth  will  be  dragged  fonvard  into  them;  these  will  be 
jMTsent  in  the  part  of  the  depression  f)pposite  to  the  direction  in  which  the  snake 
has  crawled.  In  many  areas  in  the  L  niied  States,  rattlers  are  the  only  snakes  using 
the  rectilinear  system  and  therefore  their  tracks  may  be  easily  identified. 

A  lew  field  observations  of  rectilinear  motion  by  i auk  snakes  aie  those  of 
Rutledge  (1932,  p.  53;  1935,  p.  524)  and  Ditmars  (1936,  p.  358)  on  the  eastern 
diamondback  (C.  adamanteus);  Mosauer  (193S,  p.  15;  1935b,  p.  21;  1936b,  p.  15) 
on  the  western  diamond  (C.  atrox)  and  the  red  diamond  (C.  r.  ruber);  and  Cowles 
(1945b,  p.  221)  on  the  Colorado  Desert  sidewinder  (C.  c.  laterort  pens).  Charles  H. 
Lowe,  Jr.,  has  written  me  of  seeing  straight  sidewinder  tracks;  and  Charles  M. 
Bogert  has  mentioned  finding  rectilinear  tracks  of  the  western  diamond  (C.  ntrox) 
and  the  jMaiiie  rattlesnake  (C.  v.  riri(li\).  Ainong  ca])ti\c  snakes,  C.  B.  Perkins  has 
noied  it  to  be  the  (oniinrju  iiuihotl  of  progression  of  every  species  of  ratthsnake 
that  has  been  exhibited  at  the  San  Diego  Zoo,  as  they  ciawl  leisurely  about  tiieir 
cages. 

Mosauer  (1933,  p.  16;  1935b,  p.  21)  calls  attention  to  the  fact  that  rectilinear 
motion  is  particularly  useful  where  there  are  many  obstructions,  for  these  interfere 
more  with  an  undulating  or  sidewinding  snake  than  one  progiessing  in  a  straight 
line.  He  mentions  a  western  diamond  (C.  atrox)  that  followed  an  almost  straight 

coinse  in  visiting  everv  slirub  or  bush-covered  hillock  in  its  path,  34  in  all,  in  a 
single  night  s  prowl,  ami  inaih  onlv  a  few  undulations  on  the  entire  trip.  He  noted, 
however,  tluit  while  this  snake  used  the  rectilinear  method  on  the  level  or  going 

down  a  slope,  it  reverted  to  horizontal  undulatcnry  or  concertina  types  of  crawling 
when  going  uphill.  Bogert  (1947b,  p.  253)  believes  the  sidewinder  to  be  a  notable 
exception  among  the  rattlesnakes  in  not  usii^  rectilinear  progression  for  prowlii^. 
Sidew  inder  tracks  show  that  it  ordinarily  adopts  sidewinding  when  cruising  about 

at  night. 

The  straight  trail  of  a  snake  using  rectilinear  progression  has  sometimes  led  to 
the  assumption  that  the  snake  was  moving  by  means  of  vertical  undulations 
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(e.gv  Rivers,  1874,  p.  509).  It  is  true  that  verticil  undulations  are  involved,  but 
only  to  the  very  slight  extent  that  the  forward  iuo\  ing  ventral  scutes  are  made  to 

clear  the  ground,  ;is  they  are  pushed  forward.  They  make  no  high  vertical  loops 
such  as  were  pictured  in  so  many  of  the  early  illustrations  of  moving  snakes. 

SiDEWINDING 

Sidewinding  is  the  natural  way  of  oravrling  of  several  kinds  of  desert  snakes,  a 
method  followed  whether  they  are  hurried  or  merely  prowling.  It  is  also  used  by 
other  snakes  when  under  the  necessity  of  negotiating  smooth  surfaces  on  which 
their  usual  means  of  piogicssion  are  found  to  be  ineffectual.  By  no  means  all 
ophidian  dwellers  on  shifting  desert  sands  are  sidewinders — ^meaning  by  this  term 
a  snake  that  customarily  uses  sidewinding  progression — for  most  snakes  in  such 
cii cuinstanccs,  iiu  hiding  \  aii()us  species  ol  rattlers,  still  adopt  horizontal  undula- 
torv  or  rectilinear  motion,  and  use  them  witli  a  satislac  tory  eflrciency.  Also,  it  shoidd 
be  pointed  out  that  wiien  a  snake,  not  normally  a  sidewinder,  attempts  to  crawl  in 
this  manner  as  a  temporary  expedient,  it  is  usually  a  rather  amateurish  effort  with 
neither  the  grace  nor  efficiency  of  the  professional.  Those  who  have  seen  only  the 
thrashing  of  an  alarmed  snake  on  a  smooth  surfa^ — although  it  does  result  in 
sidewinding  of  a  kind — ^have  little  conception  of  the  smoothly  flowing  grace  and 
rapid  transverse  movement  produced  by  the  deep  lateral  curves  of  the  true  side- 
winder. 

The  perfect  exponents  of  sidewinding  motion  in  the  Old  World  include  the 
two  Saharan  \  ipcrs,  Aspis"'  cerastes,  the  horned  viper,  and  A.  viprra,  the  conmion 
sand  viper,  and  also  Ecliis  carinatus,  the  saw-sraled  viper.  Their  jx'culiarities  of 
motion  have  long  been  known.  Lucan,  the  Roman  poet  of  the  first  century  a.d., 
mentions  the  horned  viper  as  moving  with  a  twisting  backbone  (Riley,  1909,  p.  368), 
and  another  translation  describes  it  as  wandering  whichever  way  its  spine  makes 
it  turn  (Duff,  1928,  p.  559).  Thus  the  strangeness  of  its  movements  was  attributed 
to  a  defect  in  the  spine — in  fact,  according  to  legend,  a  broken  back  resulting  from 
a  chance  trampling  by  Helen  as  she  was  eloping  with  Paris  (Nicander,  ed.  196S, 
p.  19;  Pliny.  1855-57,  vol.  2,  p.  285.  f.n.  76;  Topscll,  1608,  p.  198).  Pausanias, 
writing  about  a.d.  150  (Jones  translation,  1918-!v5,  vol.  p.  363)  refers  to  the 
horned  viper  as  moving  with  a  sidelong  motion  as  do  crabs,  an  apt  simile.  Corkill 
(1932a,  p.  609)  says  that  in  Iraq  this  snake  s  peculiar  habit  of  "coiling  to  a  flank" 
has  given  it  the  same  vernacular  name  as  the  freshwater  crab.  According  to 
Doughty  (1888,  vol.  1,  p.  314)  the  Arabs  refer  to  this  snake  as  the  one  "that  moves 
on  her  side."  Another  term  for  sidewinding  is  that  of  the  Maricopa  Indians,  who 
call  our  sidewinding  rattlesnake  the  "left-handed  snake." 

Lacipfede  (1788-89,  vol.  2,  p.  78;  Kerr,  vol.  3,  p.  268)  says  that  the  Saharan 
horned  viper  "never  advances  straight  forwards,  but  always  in  curves,  and  winding 
from  side  to  side" — ^^almost  an  anticipation  of  the  American  teiin  "sidewinder." 
Bru(e  (17'JU.  vol.  5,  pp.  198-210)  wrote  a  lengthy  description  of  the  horned  viper, 
including  the  remaik  that  it  "moves  with  great  rapidity,  and  in  all  directions, 
forward,  backward,  and  sideways.  When  he  inclines  to  surprise  any  one,  who  is 
too  far  from  him,  he  creeps  with  his  side  toward  the  person,  and  his  head  averted, 

•Umil  recently  these  snakes  were  placed  in  the  genus  Cerastes. 
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till  judging  his  distance,  he  turns  round,  springs  upon  him,  and  fastens  upon  the 
pan  next  to  him."  There  is  confusion  here  between  progression  and  the  striking 
coil,  and  si(ii  \vindin<^,  for  a  time,  came  to  be  interpreted  as  a  method  of  attack 
rather  than  incrc  locomotion;  for  Bruce's  statement  was  reprinted  or  para|)lirased 
in  many  .sub^ccpient  natural  histories  (e.g.,  Shaw,  1802,  vol.  2,  p.  390;  (.rillith  and 
l*idgeon,  1831,  p.  371;  Royal  Natural  History,  1896,  vol.  5,  p.  237),  thus  delaying 
for  years  an  appreciation  and  understanding  of  this  peculiar  metliod  of  progres* 
sion  adopted  by  some  desert  snakes. 

Another  Old  World  sidewinder  is  the  South  African  homed  viper  (BitU  caudalis) 
of  the  Kalahari  Desert  and  adjacent  at  t  as  (Rose,  1950,  pp.  222,  307).  The  dwarf 
puff  adder  {Bitis  peringueyi)  is  also  a  sidewinder  (Mertens,  1953,  p.  1 55).  ;ind  Bitis 
cnrnuta  may  sidewind.  The  Iranian  homed  vipers  of  the  genus  Fseudocerastes  are 
probably  sidewinders. 

Our  own  sidcwindci,  the  small  desert  lattlesnakc  (Crotalus  (erastrs)  with  the 
aliciiiativc  name  of  horned  rattlesnake,  attracted  attention  from  the  early  days 
of  tlie  travelers  who  met  it  while  crossing  the  southwestern  deserts.  They  were 
quick  to  note  its  peculiar  motion  and  to  invent  the  appropriate  term  "sidewinder," 
which  became  current  as  early  as  1875.  The  term  is  often  misused  in  applying  it 
to  rattlesnakes  of  various  species  that  sidewind  only  rarely  and  imperfectly,  or  to 
snakes  that  have  the  reputation  of  striking  sidewise.  But  it  is  universally  applied 
to  the  true  sidewinder  or  horned  rattlesnake;  and  now  the  tenn  "sidewinding"  has 
come  into  general  use  to  describe  the  method  of  locomotion  of  tliis  snake  and  its 
Old  World  desert  analogues.  The  alternative  term  "crotaline"  locomotion  sug- 
gested by  Gray  (19 Ki,  p.  1 13)  is  not  to  be  rei<Mnmended,  since  most  erotaliiie  snakes 
do  not  sidewind  as  :i  noinial  ineans  of  progression:  and  the  Saharan  \  ipeis,  which 
are  perfect  exponents  of  the  motion,  do  not  belong  to  the  family  Crotalidae. 

The  sidewinding  progression  is  difficult  to  describe.  Hogner  (1938,  p.  110)  says 
that  it  befuddles  the  observer.  Holt  (19j9,  ().  H)  has  described  the  motion  from  an 
inspection  of  motion  pictures,  but  it  would  seem  that  his  subjects  were  not  throw- 
ing the  loops  as  far  out,  laterally,  as  is  normal.  Motion  pictures  of  a  sidewinder  at 
a  natural  gait,  when  slowed  up  on  the  screen,  are  quite  effective  in  demonstrating 
the  secpience  and  co-ordination  of  the  motions. 

The  hrst  investigator  to  make  a  really  adequate  analysis  of  the  movements  and 
forces  invohed  in  sidewinding  was  Mosauer,  his  more  important  papers  being 
those  of  ini'S.  p.  201  (with  Wallis):  WM),  p.  179;  19.121),  p.  205;  and  1932e.  p.  585. 
The  desu  iiJiion  that  follows  is  largely  based  on  .Mosauer's  analysis,  somewhat 
ameiided  by  my  own  held  and  laboratory  obser\ationN. 

Essentially,  sidewinding  involves  a  side-flowing  or  looping  motion  whereby  only 
vertical  forces  (rather  than  transverse)  are  applied  to  the  supporting  surface.  The 
track  comprises  a  series  of  short,  separated  straight  lines,  set  at  an  angle  of  about 
30**  with  die  direction  of  progression,  each  line  approximating  the  length  of  the 
snake  (fig.  6:6).  If  the  track  be  in  Hne  sand,  and  undisturbed  by  wind,  the  impres- 
sions of  the  ventral  scutes  can  be  clearly  seen,  for  tlicre  is  no  transveise  or  sliding 
motion  to  obliteiate  ihem.  Kaeh  section  of  the  track  has  a  fairly  evident  J-shaped 
mark  (made  bv  the  head  and  neck)  at  one  end,  and  a  T-shaj)ed  terminus  (iriadi>  by 
the  tail)  at  the  other.  The  direction  of  progression,  if  one  desires  to  track  the  snake. 
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is  that  toward  whidi  the  hook  ol  ihc  J  is  pointing;  however,  the  T-shaped  mark  left 
by  llie  tail  is  nearer  to  the  destination  than  the  J  made  by  the  head. 

To  desc  ribe  the  motion  of  the  sitlewinder  analytically,  it  is  necessary  to  segregate 
several  elements  of  motion  that  the  snake  execines  sinuiltanconsly.  Assmiic  a  snake 
outstretched  on  the  ground,  with  the  body  lying  at  an  angle  of  about  30'^  with  the 
projected  line  of  travel,  but  with  the  tail,  rather  than  the  head,  pointing  oblitjuely 
toward  the  objective  (fig.  6:7).  I 'sing  the  central  part  of  the  body  as  an  anchor,  the 
head  is  projected  forwartl  in  such  a  way  that  the  anterior  third  of  the  snake  makes 
an  angle  of  about  60"  with  the  rest  of  the  body;  in  so  doing  the  head  and  neck 


Fig.  6:6.  I  raik  of  an  adult  sidcuindcr  traveling  from  left  to  right.  The  lower  ni;irks  (rather 
less  J-slinped  than  usual)  wrre  made  h\  the  head:  the  upper  marks  by  tlie  tail.  The  small  tracks 
were  made  hv  l)cetles.  (Photogiaph  taken  in  the  sand  dimes  at  Sandy  Readi,  Saltern  Sea  Wild 
Life  Refuge,  Imperial  Coiinly,  Calilornia,  l>y  Dr.  Ra)mond  R.  (.owlcs.) 


form  an  angle  of  30'  with  the  line  of  progression,  but  on  the  opposite  side  of  that 
line  fiom  the  angle  made  by  the  body.  The  head  and  neck  in  advancing  do  not 
touch  the  giound  until  they  reach  a  new  anclioiage  point,  although  they  are  raised 
so  slightly  that  one  must  have  the  eye  close  to  the  ground  to  note  the  cleat  ance.  Now 
the  head  and  an  inch  or  so  of  neck  arc  brought  into  contact  with  the  groimd  and 
serve  as  a  new  anchor,  and  from  this  anchor  the  snake  lays  out  its  body  forwaid 
toward  the  objective — not  ilirectly  towaid  it,  but  at  an  angle  of  ?>i)°.  As  the  body 
is  being  laid  out,  with  the  tail  toward  the  objective,  theic  is  a  sharp  crook  at  the 
ne(  k  so  that  the  stationary  head  faces  in  the  diicction  of  progression,  although  the 
body  is  being  advanced  farther  in  that  direc  tion  than  the  head  itself.  1  hen  again 
the  liead  reaches  forward  for  a  new  anchorage  and  again  the  body  is  laid  out  in 
advance  of  it.  But  always  in  transferring  fiom  one  anchorage  to  the  next,  whatever 
part  of  the  body  is  in  transition  is  raised  slightly  above  the  ground,  so  that  the 
surface  ofleis  no  resistance  to  this  part  of  the  movement,  and  no  track  is  made; 
tracks  are  left  oidy  wheic  the  body  is  laid  tlown  ol)li(|uely  in  advance  of  the  head. 
By  this  means  vii  tually  x\o  transvcrsf  forces  arc  a|)])lii  (l  to  the  supjjorting  mcdiinn: 
only  vertical  forces  are  exerted,  and  the  track  is  not  a  sinuous  line,  but  a  series  of 
sepaiatc  short  straight  lines,  arianged  in  echelon  toward  the  destination.  Each 
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section  of  track  has  a  length  equal  to  that  of  the  snake;  and,  as  only  vertical  forces 
are  applied,  with  no  sliding,  the  imprints  of  eadi  ventral  scale  are  to  be  seen  in 
the  sand. 

Primarily,  sidcwinding  represents  the  most  efficient  use  of  a  loose  supporting 
medium,  sucii  as  sand,  which  ran  olfcr  little  resistance,  and  therelore  little  reac- 
tion, to  transverse  forces  directed  across  the  surface  (as  do  the  sticks,  stones,  and 
irregularities  of  ordinary  firm  ground  by  which  tlie  typical  snake  aids  its  sinuous 


Fig.  6:7.  How  a  sidewinder  makes  its  trades.  Consecntive  positions  of  a  sidewinder's  body  in 

relation  to  the  tracks.  Tlif  solid  tiack-oiitliiics  have  alrcadv  hctn  made;  the  dotted  oiiiliiics  aio 
yet  to  be  made.  Only  the  solid-black  sections  of  the  snake's  body  arc  in  contact  wilii  the  ground; 
the  rest  of  the  body  Is  raised  sufficiently  to  dear  the  ground.  (After  Mosauer,  with  modificatiou.) 


progression),  but  can  exert  a  considerable  resistance  to  forces  applied  vertically. 
Just  as  a  creature  on  foot  can  negotiate  sand  where  a  wheeled  vehicle  cannot,  be- 
cause  the  foot  passei^r  advances  the  body  while  pressing  successively  on  a  series 
of  temporary  anchorages — ^the  footsteps — so  the  sidewinder  advances  by  using 
successive  parts  of  its  body  as  temporary  supports  from  which  other  parts  of  the 
body  are  thrust  forward. 

A  person  watching  a  sidewinder  will  sec  no  resemblance  between  the  motion  as 
1  have  clc'sctibcd  it — iliiouiiii^  <iiil  the  head,  hiyin^  clown  the  body,  ihiowinj^  oiU 
the  head  again,  etc. — and  what  the  snake  seems  to  be  doing;  for,  as  1  have  said,  the 
snake  telescopes  these  operations  by  executing  several  simultaneously.  Long  before 
the  tail  has  been  placed,  at  the  end  of  the  laying  down  sequence,  the  head  has 
already  reached  out  for  a  new  andhors^,  so  that  the  moving  snake  is  never,  even 
for  an  instant,  fully  outstretched  along  any  one  of  its  tracks.  As  a  matter  of  fact,  it 
is  always  touching  at  least  two  tracks  at  once,  with  that  portion  of  its  body  between 
tracks  arched  slightly  to  clear  tlie  ground  surface;  and  at  tlie  time  the  head  is  first 
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touching  its  next  aiuhoiagc,  tlic  tail-lip  is  just  Icavinsr  the  track  two  steps  hcliind, 
so  that  for  a  niomenc  in  transiiion  the  snake  may  actually  be  in  contact  with  three 
tracks  at  once. 

From  the  standpoint  of  stcp-by-step  analysis,  this  is  an  accurate  statement  of 
what  the  snake  does,  but  from  a  pictorial  standpoint,  it  could  hardly  be  less  in- 
forming. A  sidewinding  snake  may  best  be  described  as  one  with  a  loose  S-curve  in 
its  body;  as  the  curves  undulate  the  body  appears  to  flow  smoothly  (and  with  a  most 
unexpected  rapidity)  sideways  across  the  sand.  TIk  ro  is  no  hesitation,  no  j) m  c  in 
the  even  and  continuous  movement,  such  as  might  be  inferred  from  the  analytical 
description.  W  hy  the  motion  is  said  to  be  sideways  is  this:  if  a  line  be  drawn  from 
tlie  snake's  head  to  its  tail  and  this  be  considered  the  snake's  axis  (allhoiu^h  it  is 
not  outstretched,  but  in  an  S-curve),  the  line  of  progression  will  be  seen  to  be  per- 
pendicular to  this  axis.  In  ordinary  horizontal  undulatory  snake-motion,  it  will 
be  remembered  that  the  progression  is  in  the  direction  of  an  imaginary  axis  from 
tail  to  head.  But  a  sidewinder  goes  sideways  as  compared  to  the  direction  that  a 
typical  snake  having  the  same  S-cin\c  \vouId  iakt> — hence  "sidewinding." 

There  are  certain  variations  in  sidewinder  tracks  that  are  probably  caused  by 
such  conditions  as  temperature,  speed,  ground  slo[)c,  and  surface  texture.  It  has 
been  ol^served  that  the  separation  l)etween  successive  tracks  (measured  jm  i  jx  n- 
di(  idarly)  varies  lioni  15  to  32  jjcr  cent  of  the  length  of  the  snake  (exclusive  of  heaii 
and  tail),  the  parallel  overlap  between  tracks  ranges  from  25  to  well  over  50  per 
cent  of  the  length  of  the  snake,  and  the  angle  between  the  tracks  and  the  line 
toward  the  objective  varies  between  15**  and  35**.  The  more  acute  this  angle,  the 
narrower  is  the  relative  separation  between  successive  tracks. 

Sidewinding  does  not  necessarily  involve  the  use  of  the  section  of  the  neck  imme- 
diately behind  the  head  as  the  initial  an(  hor  for  a  succeeding  stietch  of  track.  The 
head  can  be  ke|3t  well  ele\at(  <l,  cither  ior  defensi\e  or  observational  jnu  poses,  and 
the  rest  of  the  Ijodv  can  (any  out  the  sidewinding  nietiiod  (juile  (  tfedivelv.  This  is 
customary  when  a  snake  is  moving  away  while  threatening  an  intruder.  Although 
some  people  believe  that  sidewinders  can  only  sidewind  to  the  right  or  to  the  left, 
actually  they  are  equally  adept  in  both  directions. 

Sidewinding  is  not  only  a  solution  of  the  problem  involved  in  an  unstable  sub- 
stratum, but  is  efTicient  frf)m  the  standpoint  of  both  speed  and  distance.  Mosauer 
(1935a,  p.  7;  19.'i5b,  p.  21)  made  11  trials  with  7  sidewinders  (Crotalus  cerastes)  in 
their  native  haliit;its.  He  reached  the  (oiu  hision  iliat  they  were  capable  *)f  speeds 
of  U.8  to  ().',>  inetei  per  second  (1.8  to  2.0  miles  per  hour).  He  thought  tluy  might 
reac  h  3  miles  per  hour  in  sudden  lunges  for  short  distances.  This  is  about  half  the 
speed  of  the  fastest  snake  with  whidi  Mosauer  experimented,  the  red  racer,  Masti- 
copliis  flagellum  piceus,  a  quite  remarkable  result,  as  rattlesnakes  are  slow  and 
sluggish  compared  with  racers.  He  concluded  that  sidewinders  prowled  at  a  speed 
of  about  0.3  mile  per  hour.  He  thought  (1933.  p.  16;  1935b,  p.  24)  that  they  might 
wander  as  far  as  1 ,000  feet  in  a  single  night;  in  fact,  he  found  one  hardly  exceeding 
10  inches  in  length  that  seemed  to  have  gone  that  far.  He  traced  another  through 
the  s;in(l  dunes  we  st  of  ^'uma  for  2.834  feet,  but  concluiled  that  this  nu"ght  !ia\e 
repiesented  a  iwo-niglu  ramble,  lie  found  sidewindcis  c-rraiic  in  their  waudc  iiui^s, 
seldom  moving  in  a  unifoini  diiection.  but  taking  /ig-/ag  or  circulai  courses,  as 
one  might  expect  of  an  animal  on  the  prowl  for  prey.  They  were  inclined  to  avoid 
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hills  and  bushes.  Charles  H.  Lowe,  Jr.,  tracking  sidewinders  in  the  vicinity  of 
San  Felipe,  Baja  California,  also  found  their  wanderings  to  be  rather  haphazard, 
withont  continuity  of  direction. 

\rany  kinds  of  snakes  llial  iioi  iiialh  use  ollu  i  iiu  aiis  ol  pi  o;.^iessi()n  w  ill  sidewintl 
under  jiarticular  circ  uinslaiu es,  espt  t  ialh  il  Iriglitened  wliik'  on  smooth  sulfates. 
Some  sidewind  with  considerable  success,  tiic  garter  snakes,  Thamnopliis,  for  c.\- 
amp]e;  whereas  others  achieve  but  little  more  motion  than  would  be  secured  by 
purposeless  thrashing.  Cowles  (1941,  pp.  13S,  139)  has  shown  that  heat  or  fright 
will  stimulate  sidewinding  by  little  desert  snakes  such  as  the  shovel-nose  {Chionac- 
tis  occipitalis),  the  leaf-nose  {Phyllorhynchus  decnrtatus),  and  the  spotted  night 
snake  (Hypsiglena  torquata  deserticola).  But  tlicy  ilo  not  raise  the  body  clear  of  the 
frround  heiucen  the  separate  Hacks,  as  does  the  true  side\\  inder,  and  the  motion  is 
relati\ely  ineflicicnt.  Sitlewiiuling  in  these  snakes  seems  to  result  from  an  attenijji 
to  gain  tra(  tion  by  pressing  a  part  of  the  body  to  the  groimd  while  moving  an- 
other. I  he  body  loops  are  not  so  wide  laterally  as  those  of  the  true  sidewinder,  and 
the  movements  are  not  well  co-ordinated. 

I  have  experimented  with  a  number  of  subspecies  of  rattlesnakes,  including 
atrox,  ruber,  scutuUtttts,  viridis,  hellerij  and  pyrrhus,  on  polished  wood  or  linoleum 
floors  to  determine  the  degree  to  which  they  would  adopt  sidewinding  on  surfaces 
unsatisfac  tory  for  ordinary  snake  locomotion."  In  general,  although  it  was  noted 
that  all  of  these  rattlers  (  «»idd  and  did  side  wind,  the  motion  was  lar  from  being  a 
facsimile  of  the  practiced  grace  of  the  sidewinder.  First,  the  (oils  were  not  as  widelv 
tluown,  and  they  were  more  nearly  perpendic  ular  to  the  axis  of  the  body  rather 
than  at  a  sharp  angle,  as  with  the  sidewinder.  The  several  elements  of  motion  were 
not  even  and  continuously  flowing;  rather,  they  tended  to  be  spasmodic  and  sepa- 
rate. The  result  was  a  much  reduced  efficiency,  as  measured  by  speed  and  ex- 
pended effort.  Some  of  the  rattlers  were  virtually  reduced  to  purposeless  thrashing, 
or  at  least  to  a  continuous  effort  to  Hnd  ii  I  t  ,i;ularities  in  the  flooi  surface  that  might 
serve  as  pegs  against  which  to  push  the  body.  One  sontliern  Pacific  lattler  (C.  i'. 
helleri)  was  fairly  successful:  and  Dr.  R.  K.  Cowles  has  advised  me  b\  letter  that 
one  western  dianumd  l)ack  {C.  (itrnx).  a  snake  that  li\ts  in  side\sindci  territory, 
but  does  not  ordinarily  sidewiiul,  when  placed  on  linoleum  went  into  perfect  side- 
winding  and  flowed  across  the  floor  without  the  slightest  effort  or  confusion.  In  my 
experiments,  I  found  that  much  depended  on  the  snake's  objective  and  the  degree 
of  its  alarm.  Those  that  were  not  unduly  frightened  tried  all  forms  of  locomotion, 
at  times  simultaneously  with  different  elements  of  the  body;  they  mixed  all  com- 
binations— undulatory,  sidewinding,  rectilinear,  and  concertina — ^in  their  en- 
deavors to  get  a  purchase  on  the  smootli  door. 

The  fact  tliat  livinq;  in  a  sanilv  area  does  not  automatically  j)ro(iure  >i(lewinding 
is  demonslialeU  by  liie  snakes  lliul  occur  along  the  edges  oi  the  iaiul  dunes  border- 
ing the  east  side  of  the  Salton  Basin  in  Riverside  and  Imperial  counties  in  southern 
California.  Particularly  common  here  are  the  shovel-nose  (Chionactis  occipitalis 
annuUita),  the  leaf-nose  {Phyllorhynchus  decurtatus  perkinsi),  the  sidewinder 
(C.  r.  laterorepens),  and  the  western  diamond  rattler  (C.  atrox).  By  their  tracks  it 
is  shown  that  when  prowling  at  night  the  two  first-named  snakes  use  horizontal 

*' 1  lu  ■ni:)IIy,  sitk-u  inckis  traverse  such  surfaces  quite  as  readily  and  rapidly  as  they  would 
any  surface  to  which  they  might  normally  be  accustomed. 
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undulatory  progression,  whereas  the  western  diamond,  a  much  lai^r  snake  than 

the  ollicrs,  employs  the  rectilinear  method.  Only  the  sidewinder  sidewinds.  Simi- 
larly, in  the  Mojave  Desert,  the  sidewinder  is  the  only  snake  to  adopt  this  way  of 
crawling,  for  other,  equally  common  snakes  inhabiting  the  same  terrain,  including 
the  glossv  snake  (Arizona  elegans  Candida)  and  the  Mojave  rattlesnake  (  Crotaliis 
s.  sriitulatus),  arc  able  to  satisfy  their  needs  with  more  orthodox  methods  of  pro- 
gression. It  is  interesting  to  note  that  although  snakes  that  do  not  regularly  in- 
dulge in  sidewinding  will  approach  this  method  when  subjected  to  substratum 
conditions  wherein  it  is  superiw  to  all  others,  sidewinders,  on  the  contrary,  do  not 
abandon  their  usual  mode  of  fwogression  when  on  a  hard,  rough  surface  well  suited 
to  the  undulatory  or  rectiUnnur  methods.  They  are  quite  capable  of  using  either, 
but  seem  to  find  their  standard  method  equally  serviceable  on  rough  ground.  It  is 
only  when  crawling  through  the  closely  spaced  stems  of  bushes  that  sidewinding 
must  be  abandoned.  That  they  are  not  restricted  to  the  sidewinding  method  has 
been  demonstrated  often  in  both  field  and  laboratory.  I  ha\e  seen  capti\c  side- 
winders use  all  the  other  motions  for  short  distances — horizontal  undulatory,  con- 
certina, and  rectilinear.  Charles  H.  Lowe,  Jr.,  watched  one  in  the  field  using  the 
latter  method;  and  Mosauer  (1933,  p.  15)  noted  that,  on  first  emerging  from  ground 
holes  in  the  evening,  they  used  the  concertina  method  for  a  short  distance  until 
they  were  warmed  up.  He  also  observed  cases  in  which  sidewinding  was  abandoned 
in  favor  of  rectilinear  motion  for  some  distance  (1935c,  p.  $$). 

Why  this  particular  rattlesnake  should  have  become  so  adept  at  sidewinding 
must  remain  a  matter  of  specidatioii.  It  is  proba!)ly  significant  that  their  Old 
World  analogues  are  of  about  the  same  si/c  and  body  proportions.  It  is  hardly 
necessaiN  to  point  out  that  sidewinding  was  developed  independently  by  these 
snakes  in  the  Eastern  and  W'estcrn  Hemisphere  deserts.  The  sidewinder  of  our 
American  deserts  is  more  closely  related  to  other  rattlesnakes  that  do  not  sidewind, 
than  it  is  to  the  sidewinding  vipers  of  Asia  and  Africa.  As  a  corollary  it  may  be 
said  that,  although  a  sidewinder  has  been  de\  eloped  among  rattlesnakes,  the  rest 
of  the  rattlers  are  no  more  adept  at  sidewinding  in  emergencies  than  snakes  of 
other  genera — Thamnophis,  for  example — that  have  not  produced  any  sidewind^ 
ing  relati\  es. 

Whatevei  conditions  of  sand  surface,  body  contact  surlace,  and  bulk  caused  these 
particular  snakes — and  not  other  desert  dwellers — to  adopt  sidewinding,  the  fact 
should  not  be  lost  sight  of  that  it  is  so  deeply  ingrained  as  not  to  be  abandoned 
when  the  snake  lives  on  surfaces  where  sidewinding  is  not  superior  to  the  more 
customary  means  of  progression.  A  young  sidewinder  that  has  never  experienced 
sand  sidewinds  at  birth. 

Cowles  (1953,  p.  1.S)  has  pointed  out  that  the  complete  adoption  of  sidewinding 
was  a  gradual  de\ ckjjjment,  just  as  was  the  change  in  ecological  conditions  that 
produced  it.  I  he  sand  dunes  were  a  final  accession.  With  increased  aridity,  plants 
became  more  widely  separated  and  bare  ground  suitable  for  sidewintling  more 
prevalent.  The  bushes  affording  adequate  shade  were  scattered.  With  lethal  surface 
temperatures,  a  type  of  locomotion  entailing  both  speed  and  a  minimum  body 
contact  with  the  ground  became  advantageous,  and  sidewinding  fulfilled  these 
needs. 

The  similarity  of  the  methods  developed  independently  in  the  widely  separated 
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Saharan  and  American  deserts  is  quite  surjorising.  Watching  both  the  Saharan 
homed  viper,  Aspis  cerastes,  and  our  local  sidewinder,  Crotalus  cerastes,  at  the  San 
Diego  Zoo,  I  observed  that  the  motions  seemed  to  be  precisely  similar.  It  is  possible 
lliat  the  African  snakes  raise  their  heads  a  little  higher  in  seeking  the  next  anchor- 
age, and  that  their  bodies  clear  the  sand  a  little  less  in  the  transicr  between  tracks. 

Concertina  Progression 

The  concertina  type  o£  progression  was  first  dignified  with  a  separate  name  by 
Wiedemann  (1932,  p.  577),  although  the  method  had  been  mentioned  before,  as, 

for  example,  by  Martin  (1851?,  p.  197),  Owen  (1866,  p.  259),  and  Stradling  (1882, 
p.  377).  Wiedemann  called  it  the  "earthworm"  type,  but  1  prefer  Gray's  designa- 
tion (191(3,  pp.  101,  1  10)  ol  ronrcilina  nioxeincnt;  for,  as  Mosauer  (1932b,  p,  208) 
has  pointed  out,  Wiedemann's  name  is  misleading,  in  that  the  earthworm  pro- 
gresses through  alternately  lengthening  and  compressing  portions  of  its  body,  a 
method  impossible  for  snakes,  although  occasionally  attributed  to  them. 

In  the  concertina  movement,  the  central  part  of  the  body  is  alternately  gathered 
into  two  or  more  sinuous  curves,  and  then  restraightened.  While  the  longitudinal 
distance  occupied  by  the  central  part  of  the  body  is  being  shortened,  by  dunge 
from  a  straight  to  a  wavy  form,  the  snake  anchors  its  head  and  nedt,  so  that  the 
shortening  results  in  drawing  th(>  tail  foi  ward.  Then  the  central  curves  are  again 
straightened  so  that  the  longitudnial  sjiace  occupied  is  again  lengthened;  but,  as 
this  is  being  done,  the  tail  is  anchored  so  that  the  head  and  neck  are  thrust  forward. 
Hence,  witli  cadi  complete  cycle  of  movements  the  entire  snake  advances  by  the 
difference  betwem  the  lengths  of  the  snake  when  in  its  straightened  and  waved 
positions. 

The  concertina  method  has  been  described  in  detail  by  Gray  (1946,  p.  110)  and 

by  Leutscher  (1950,  p.  392).  Gray  points  out  that  the  alternate  anchoring  effects  of 
the  head  and  tail  sections  are  aided  by  the  ventral  scutes,  which  operate,  in  co> 
operation  with  the  roughnesses  of  the  ground,  as  little  ratchets. 

A(  tually,  the  concertina  method  is  not  the  normal  means  of  progression  of  any 
snake;  rather,  it  is  used  under  particular  circumstances  as,  for  example,  when  a 
slow,  hesitating  advance  is  desired.  It  may  be  employed  by  a  snake  investigating  an 
object  whose  nature  is  obscure,  in  which  case  there  may  be  considerable  pauses 
between  the  alternations.  I  have  seen  it  used  by  a  king  snake  stalking  a  young 
rattler;  and  I  believe  it  a  particularly  satisfactory  method  for  stalking  because  it 
has  two  advantages  over  the  more  rapid  undulacory  method:  First,  the  head  is  not 
subject  to  lateral  movement  and  therefore  can  concentrate  better  on  the  oliject 
approached;  and,  secondly,  a  part  of  ihc  body  is  always  stationary.  This  latter  is 
important  with  snakes  that  are  patterned  in  brightly  contrasting  colors,  since  the 
moving  part  of  ihc  body  has  a  confusing  effect  of  disappcai  an(  c,  Avhile  the  Sta- 
tionary part  fixes  the  attention  on  that  very  stationary  quality,  giving  an  illusion 
of  safety  to  the  prey. 

I  have  seen  rattlesnakes  use  Che  concertina  method  in  the  field  when  approach- 
ing a  questionable  object,  although  I  have  never  had  the  good  fortune  to  see  one 
stalking  prey. 

Grav  in.  p.  1 10)  has  shown  iliat  the  concertina  method  is  employed  whenever 
a  snake  is  confined  within  a  narrow  channel,  whether  it  be  straight  or  circular. 
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Under  such  circumstances  the  lateral  waves  are  used  to  enifn^e  the  walls  ot  the 
channel  and  thus  afloril  an  anchorage.  regardles>  ol  how  sniootli  tlie  walls  may 
be.  The  engaging  waves  aie  made  to  travel  backward  (Gray,  plate  3.  I.eiUsdier, 
fig.  1),  thus  causing  ihe  snake  lo  advance.  Ii  may  be  noted  that,  when  so  confined, 
the  concertina  waves  are  not  restricted  to  the  central  part  of  the  body»  but  travel 
rearward  from  the  head  to  the  tail. 

Tests  on  rattlesnakes  indicate  that  they  use  concertina  propulsion  under  two 
sets  of  circumstances.  The  first  is  in  the  open  when  there  are  no  restraints,  but 
where  a  slow,  although  definite,  advance  is  sought.  Under  these  conditions  recti- 
linear motion  is  usually  preferred  to  concertina,  wliidi  is  likely  to  be  employed 
onlv  if  the  achance  be  intermiiient. 

The  second  circumstance  involves  restraints,  either  in  terms  of  a  smooth  sub- 
Stratum  or  restrictive  side  walls.  On  a  smooth  surface,  on  which  traction  is  difficult 
to  obtain,  the  snake  takes  instinctive  advantage  of  any  means  of  increasing  the  sur- 
face contact,  sudi  as  by  pressing  side  waves  of  its  body  against  adjacent  walb. 
Thus,  if  it  be  traveling  along  a  nan  ow  channel  between  vertical  walls,  it  will  widen 
its  side  loops  until  they  engage  both  walls,  and,  by  this  side  bracing,  it  will  anchor 
one  pari  of  the  body,  so  that  the  anterior  may  be  tlii  ust  forwaid,  or  the  posterior 
drawn  up.  1  his  is,  in  cfTect,  concertina  jirojnilsion,  ljut  the  loojjs  are  far  from 
regular.  Sometimes  a  single  central  loop  may  be  used;  at  otheis  there  may  be  one 
at  head  or  tail,  or  both  may  be  manifest  at  once.  But  there  is  no  regular  wave 
motion  rearward,  as  Gray  found  in  the  common  European  grass  snake;  rather, 
there  is  a  mixture  of  the  concertina  and  rectilinear  methods  as  the  snake  strives 
in  every  way  to  get  a  purchase  on  its  surroundings.  In  fact,  it  is  not  necessary  that 
a  rattler  be  confined  between  narrowly  separated  parallel  walls  to  produce  con- 
certina motion;  if  it  be  moving  along  the  angle  of  a  single  wall  antl  it  finds  the 
groiuul  surface  too  smoolli  to  facilitate  irctilineai  motion,  it  will  throw  side  loops 
against  the  wall,  scckinu  to  increase  tin-  u.uiion  by  taking  athanlage  of  anv  rough- 
ness in  that  wall.  1  bus  a  laltler  mo\  ing  along  a  wall  sometimes  uses  a  <  (»ud)ination 
of  rectilinear  and  concertina  propulsion.  But  if  the  ground  be  rough,  pure  recti- 
linear progression  is  normal,  if  the  confining  channel  is  narrow.  If  there  be  no  side 
restraints,  the  snake  will  use  either  horizontal  undulatory  or  rectilinear  locomotion, 
depending  on  whether  it  is  in  a  hurry  or  advancing  more  deliberately.  The  side- 
winder, under  similar  circmnstanccs,  will  alsf)  vary  its  stvlc  to  suit  its  pace,  except 
that  it  will  sidewind  insirad  of  luididating.  If  (onfincd  in  a  c  hanuel,  it  will  use  a 
combination  of  the  concertina  and  ndilint  ar  methods  just  as  do  the  other  r.iitlers. 
Mosauer  (1933b,  p.  13)  noted  that  sidewinders  in  the  field  used  concertina  motion 
when  sluggish  and  starting  to  prowl.  Stewart  (1933,  p.  468)  also  observed  that  con- 
certina crawling  was  used  by  a  snake  in  a  narrow  dhannel. 

These  experiments  with  surfaces  indicate  that  rattlers  probably  use  concertina 
progression  in  their  explorations  of  mammal  holes,  throwing  out  side  loops  to 
engage  the  walls  whenever  the  ground  is  too  smooth  or  soft  to  facilitate  rectilinear 
progression. 

Rattlesnake  Speed 

The  speed  with  which  rattlesnakes  can  travel  might  be  thought  to  be  of  importance 
in  connection  with  the  snake-bite  problem,  as  a  criterion  of  how  successful  one 
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miglit  be  in  esciping  from  an  attacking  rattler.  Actually,  they  so  rarely  attack,  and 
they  move  so  slowly — this  refers  to  their  crawling,  not  striking — that  no  one  with 
his  w  its  about  him  would  have  the  slightest  difficulty  in  evading  a  rattler  moving 

at  its  top  speed. 

The  persistence  of  an  erroneous  idea  in  natural  history  is  exemplified  by  tlie 
way  in  which  the  notion  that  rattlesnakes  are  swift-moving  was  carried  down 
through  book  after  book.  A  statement  to  that  effect  was  originally  made  by  Her- 
nandez, in  the  first  extended  account  of  the  rattlesnake  ever  printed  (1615,  fol.  192''), 
wherein  he  says  that  the  rattler  moves  over  rocks  and  fMredpices  at  great  speed,  and 
that  the  Mexicans  called  it  ooKUHttl  after  a  wind.  There  was  probably  dual  con- 
fusion here — first,  between  the  rattler  and  some  more  speedy,  racer-like  snake; 
and,  secondly,  because  one  of  the  greatest  oi  Mayan  deities,  Quet/alcoatl,  the  bird- 
serpent,  had  alternative  names  signifying  the  air  and  the  rattlesnake,  l-ioin  these 
misunderstandings  of  what  the  Mayans  told  Ifernande/,  and  what  he  sought  to 
convey,  there  was  evolved  the  idea  that  rattlesnakes  move  with  the  speed  of  tlie 
wind — that  they  seem  literally  to  fly — and  we  find  this  synthetic  thought  carried 
down  through  Uie  subsequent  editions  of  Hernandez  (1628, 1651,  p.  329),  and  from 
him  to  Nieremberg  (1635,  p.  269),  Piso  (1648,  p.  41),  Jonstonus  (1653,  p.  26),  Grew 
(1681,  p.  51),  Nieuhof  (1732.  p.  713).  Owen  (1742,  p.  91),  DobrizhofTer  (1781:  see 
1822,  p.  287),  and  Clavigero  (1787.  vol.  1,  p.  59).  Eventually,  Kalm  (1752-53,  p.  318) 
stated  that  he  thought  these  rejiorts  of  the  great  speed  of  the  rattlesnake  nuist  have 
resulted  from  confusion  with  some  other  snake;  and,  from  his  time  on,  the  idea 
gradually  lost  favor,  although  still  given  some  support  in  new  accounts  by  .Silliman 
(1820,  p.  229),  and  by  Audubon  (1827,  p.  22),  who  claimed  he  saw  a  rattler  chase 
a  gray  squirrel  and  gain  on  it.  Goldsmith  (1774,  vol.  7,  p.  212),  although  usually 
credulous  in  matters  of  this  kind,  took  a  doubtful  view.  Bartram  (1791,  p.  221; 
see  also  Daudin,  1801-4,  vol.  5,  p.  301),  expressed  the  opinion,  based  on  his  own 
field  observations,  that  a  rattlesnake  could  move  no  faster  than  a  man  or  child 
could  walk,  which  is  sul)stainiall\  correct.  Since  then,  accoimts  of  rattlesnake 
speeds  have  been  more  realistic,  aliliough  .Meek  (1910,  pj).  11,  .51,  2f)2)  revives 
several  of  the  ancient  fantasies  regarding  rattlesnake  speeds,  including  the  talc  of 
the  rattler  that  outdistanced  a  man  on  horseback. 

It  is  now  known  that  rattlers,  at  their  highest  speeds,  would  have  difficulty  in 
attaining  3  miles  per  hour,  even  for  short  distances;  in  other  words,  their  top 
speeds  about  equal  a  man's  moderate  walking  pace.  The  most  complete  tests  made 
to  date  to  determine  snake  speeds  were  those  of  Mosauer  (1935a,  p.  7;  1935b,  p.  24), 
in  which  he  found  that  sidewinders  attained  2  miles  per  hour  and  judged  they 
might  rarelv  leach  3  miles  in  short  lunges.  .Although  all  other  rattlesnakes  use  the 
hori/onial  undulatoiy  method  of  crawlin<^  whin  they  are  anxious  to  make  the 
greatest  pcjssible  speed,  the  re  is  nti  reason  to  believe,  bused  on  cibsci  %  ai  ions  by 

Mosauer  of  slimmer,  faster  snakes,  that  any  rattler  can  exceed  the  speed  of  a 
sidewinder. 

While  rattlesnake  speeds  have  now  been  reduced  to  a  credible  basis,  those  of 
other  snakes  are  still  in  the  realm  of  controversy.  The  quickness  with  which  a 
pursued  snake  can  change  its  direction,  and  the  ease  with  which  it  can  dart  be- 
t^vcen  obstructions  that  block  pursuit,  arc  piobably  tlie  genesis  of  some  of  the 
fantastic  stories  of  snake  speeds,  notwithstanding  Mosauer's  tests  (1935,  p.  6),  which 
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showed  that  the  red  racer  (Masticophis  flagellum  piceus),  certainly  one  of  the 
swiftest  snakes  in  the  United  States,  reached  a  maximum  speed  of  only  3.6  miles 
per  hour.  He  thou^hi  that  under  exceptional  conditions,  for  short  lunges,  a  speed 
half  ai^aiti  i-.  t^i  cai,  or  ">.  1  niilrs  per  hour,  mi^ht  hv  attained  In  this  slim  and  active 
snake,  lint  statements  that  these  snakes — and,  inclccti,  slower  ones — can  travel  as 
fast  as  man,  or  even  a  horse,  can  run,  have  appeared  in  print  for  many  yeais,  and 
still  do  (Grew,  1681,  p.  48;  Rolker,  1905,  p.  207;  Brendle  and  Unger."  1935,  p.  200; 
Fraser,  1936-37,  p.  80;  Stimpson,  1946,  p.  165;  De  Lys,  1948,  p.  78;  Allison,  1948, 
p.  1 13).  Nowhere  has  the  controversial  nature  of  snake  speeds  been  better  exempli- 
fied than  in  a  series  of  communications  appearing  in  Country  Life  (London)  in 
1944.  The  argument  was  started  by  F.  R.  Perkins  (1944,  p.  296),  who  inquired  as  to 
the  maximum  speed  of  the  mamba,  an  agile  and  dangerous  African  snake.  Before 
the  discussion  ended,  almost  a  year  later,  the  following  had  participated:  M.  A. 
Smith,  p.  428;  Waller,  p.  428;  Macleod,  p.  516;  Lowe,  p.  516;  Klapwyk,  p.  516; 
Lane,  p.  557;  Breton,  p.  604;  Foran,  p.  693;  Macleod,  p.  693;  Ramsey,  p.  780;  Cail- 
lard,  p.  825;  Nash,  p.  868;  Rushton,  p.  956;  Rcnshaw,  p.  1090;  Hastings  (1945), 
p.  121;  and  Kerrison,  p.  122.  The  estimates  of  the  speed  of  the  mamba  varied  from 
a  few  miles  up  to  30  or  more  miles  per  hour.  Most  of  the  higher  speeds  were  gauged 
by  comparing  the  speed  of  the  snake  with  that  of  a  galloping  horse — usually  taken 
as  being  30  miles  per  hour.  Sc  \  eral  observers  claimed  that  a  snake  kept  even  with 
a  horse  at  this  speed,  and,  in  one  instance,  even  crossed  in  front  of  it.  In  no  case 
was  a  distance  measured  or  the  snake  linieil  as  was  done  by  Mosauei  in  his  tests; 
this,  of  course,  would  be  impossible  with  a  dangerous  snake  like  a  mamba,  but  is 
merely  mentioned  to  indicate  the  questionable  nature  of  the  evidence.  There  is 
no  reason  to  believe  that  the  speed  of  a  mamba  greatly  exceeds  that  of  a  red  racer. 
As  to  the  results  of  the  controversy  in  Country  Life,  it  may  be  assumed  that  each 
participant  "evermore  came  out  by  the  same  door  wherein  [he]  went," 

With  regard  to  snake  speeds,  it  should  be  observed  that  the  creatures  suffer  from 
a  number  of  physiological  handicaps  and  deficiencies,  quite  apart  from  their  lack 
of  legs.  Rodbard  (1918,  p.  -114)  has  j^ointcd  out  that  even  at  the  most  favorable 
body  tt.:ni|)ei atiires,  poikilotherms  such  as  snakes  are  capable  ol  high  degrees  of 
activity  for  brief  periods  only;  this  limitation  follows  fiom  the  physiological  effects 
of  their  three-chambered  hearts  and  the  pulmonary  shunt,  which  do  not  permit 
the  development  of  high  blood  pressure  in  the  systemic  circulation,  thus  denying 
adequate  nourishment  to  the  tissues  to  meet  peak-load  demands.  And  in  the  snakes 
this  is  accentuated  by  the  attenuat( d  h:i])itus,  which  has  led  to  the  suppression  or 
near  suppression  of  one  of  the  lungs.  Muscle  energy  storage  is  quite  limited.  Mo- 
saiicr  (1935a,  p.  7)  obser\ed  how  (|uickly  the  snakes  in  his  tests  tired.  Malcolm 
Smith  (1944,  p.  128)  and  liogert  (19ir>.  p.  118)  have  both  expressed  donbts  concern- 
ing the  high  and  sustained  speeds  suj)posed  to  be  attained  by  certain  snakes  be- 
cause of  these  important  physiological  handicaps.  There  is  another  difficulty  of 
energy  balance  that  must  not  be  forgotten.  Muscular  energy  operates  at  an  effi* 
ciency  of  about  20  per  cent  (Martin,  1930,  p.  617);  therefore,  about  4  times  as  much 
energy  must  be  dissipated  in  the  form  of  heat  in  a  moving  creature  as  is  useful  in 
producing  movement.  This  would  be  a  serious  handicap  to  an  animal  having  no 

^Not  held  seriously  by  these  authors;  only  given  as  an  example  of  Pennsylvania  German 
folklore. 
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sweat  glands  or  other  perfected  means  of  cooling  by  c\aporation,  to  say  nothing 
of  having  almost  no  surplus  water.  And  it  should  not  be  forgotten  that  the  sinuous 
course  of  a  snake's  path  involves  a  further  disadvantage,  sinrc  tlic  snake  must 
tra\el  from  2.5  to  50  per  cent  farther  than  the  straighi-line  distance  in  order  to 
reach  its  dcsiinatiou.  I  hc  body  of  a  snake  reputed  to  be  traveling  at  30  miles  an 
hour,  really  would  be  moving  at  10  or  more. 

Snake-Speed  tests  are  difficult  to  carry  out  in  a  satisfactory  manner,  which  is  why 
so  few  valid  data  are  available.  It  is  almost  impossible  to  cause  a  snake  to  proceed 
directly  from  one  point  to  another  at  its  best  rate  of  speed.  If  chased,  or  kept  con- 
tinually frightened  in  order  to  keep  it  at  top  speed,  it  will  dodge  and  feint,  en- 
dea\  oring  to  escape  by  craft  rather  than  by  speed.  And  a  venomous  snake,  such  as 
a  rattler,  if  it  is  being  overtaken,  will  pause,  throw  itself  into  a  defensive  coil,  and 
endeavor  to  save  itself  by  intimidation,  backed  by  a  readiness  to  strike.  This  causes 
the  failure  of  such  demonstrations  as  the  well-advertised  "rattlesnake  derbies." 
Stimpson  (1918,  p.  IHi)  rej)oi  ted  that  in  one  such  test  in  1939  the  winner  ran  the 
30-foot  course  in  12  minutes  and  12  seconds,  or  at  a  rate  of  a  mile  in  about  1  Vi  days. 

MlSt/NDERSTOOD  FEATURES  OF  CrAWUNG 

In  addition  to  the  exaggerations  of  speed,  and  the  misinterpretations  involved  in 
rib-walking  and  the  function  of  the  ventral  plates  in  the  several  kinds  of  locomo- 
tion, there  have  been  other  conclusions  involving  errors  or  exags;erations. 

Thus  Hutchinson  (1879,  p.  529)  believed  that  snakes  could  ascend  smooth  sur- 
faces by  erecting  their  abdominal  scutes  as  hooks,  or  using  them  to  produce  an 
adherence  in  the  manner  of  the  tc^e  pads  of  some  geckos. 

Chateaubriand  (1856,  p.  112)  statcil  that  a  rattler  could  stand  on  its  tail  and 
move  along  with  the  body  held  perpendicularly.  This  is  only  an  exaggeration,  for 
it  is  true  that  a  rattler  can  move  with  the  anterior  part  of  the  body  raised  well  off 
the  ground.  Just  as  a  rattlesnake  can  merge  one  type  of  crawling  into  another,  so 
also  it  can  quickly  change  from  a  crawling  position  to  one  of  defense.  Character- 
istically, one  can  crawl  while  assuming  a  defensive  attitude,  raising  the  anterior 
part  of  the  body  and  facing  an  intruder,  while  the  posterior  part  propels  the  snake 
backward  or  sideways  toward  some  refuge  or  concealment. 

A  prowling  rattler,  if  it  has  detected  prey  near  at  hand,  will  sotnctitnes  raise  the 
head  and  neck  avcII  oil  the  gioiuid,  while  the  body  progresses  by  the  horizontal 
undulatory  or  the  (oncertina  method. 

McDanieltl  antl  i  aylor  (1877,  p.  75)  relate  iliai  a  su(  cessfid  bite  causes  a  rattler 
to  change  its  method  of  crawling.  Two  people  who  had  been  bitten  noted  that  the 
rattlers  scampered  away  with  every  manifestation  of  delight  at  what  they  had  done, 
and  progrened  an  vertical  waves.  One  may  hazard  the  guess  that  these  victims  had 
been  fortunate  in  imbibing  the  standard  Western  snake-bite  remedy  in  advance  of 
the  accident. 

I  have  already  mentioned,  in  connection  with  horizontal  undulatory  progres- 
sion and  rectilinear  progression,  an  ancient  misunderstanding  with  regard  to  the 
use  of  vertical  loops  in  these  normal  mclliods  of  crawling.  It  is  sometimes  not  appre- 
ciated how  much  more  limited  is  \  eitcbral  flexure  in  a  vei  tical  plane  as  compared 
with  the  horizontal.  Snakes  can  make  much  sharper  bends  laterally  than  vertically 
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because  of  the  nature  of  the  int(  rlork  between  adjacent  vertebrae.  Tests  on  freshly 
killed,  fully  relaxed  rattlers  showed  the  following  minimum  vertebral  curvatures 
(all  dimensions  in  mm.): 


Subipecie* 


Length  ovcr-all  

Milumum  radius,  lateral 

dorsal...  

ventral  


C.  v.  oreganus 

C.  r.  ruber 

(mm.) 

(mm.) 

680 

1.385 

20 

50 

53 

150 

47 

128 

By  "dorsal"  is  meant  the  minimum  radius  of  curvature  assumed  by  the  spinal 
column  when  the  snake  is  suspended  by  the  head  and  tail  with  the  dorsum  up 
waul;  and  "ventral"  with  the  vcntrum  uf)ward.  It  is  evident  that  a  rattler  can 
make  much  sharper  bends  laterally  than  vertically. 

Snake  Tracks 

Much  of  interest  can  be  learned  by  a  study  of  snake  tracks,  particularly  in  sandy, 
desert  areas  where  they  may  be  followed  for  long  distances  without  a  break.  Indeed, 

professional  collectors  in  such  areas,  setting  out  early  in  the  morning  before  the 
wind  has  obliterated  the  tracks,  use  them  as  the  principal  means  of  locating  their 

quarry. 

From  the  track,  an  expericnccil  collector  can  determine,  with  moderate  accuracy, 
the  kind  and  size  ol  the  snake  that  made  it.  He  can  follow  its  night  wanderings 
and  learn  much  respecting  its  habits.  The  direction  an  undulatory  or  sidewinding 
snake  has  taken  is  easy  to  discover;  and  even  a  snake  proceeding  by  rectilinear  pro> 
gression  will  revert  to  the  other  methods  often  enough  to  reveal  its  direction  by 
telltale  piles  of  sand  or  at  least  will  drag  indicatory  accumulations  of  sand  into 
any  natural  depressions  in  its  path. 


SENSES 

It  is  difficult  to  determine  how  any  creature  appraises  its  surroundings,  and  to 
what  particular  sense  some  reaction  may  be  attributed.  We  are  likely,  uncon> 
sdously,  to  put  ourselves  in  the  animal's  place  and  to  consider  which  of  our  senses, 

under  similar  circumstances,  with  their  relative  human  acuities,  would  most  per- 
fectly advise  us  of  our  surroundings.  And  this  is  further  comyilicated  by  our  tend- 
ency to  expect  the  same  response  from  a  sense  impression  that  would  be  induced 
in  ourselves,  as  evaluated  by  our  human  intcllii^cnc c  and  actuated  bv  our  human 
interests  and  reactions.  Thus,  our  interpretations  tend  to  be  subjective  rather  than 
objective;  and  wc  are  especially  liable  to  inaccurate  conclusions  in  the  case  of  the 
rattlesnakes,  which  are  equipped  with  an  extra  sense — the  facial  pit — ^the  character 
of  whose  impressions  brou^t  to  the  brain  we  have  diflkulty  in  imagining.  Only 
tests  that  involve  blocking  off  all  but  one  sense  at  a  time,  permit  us  to  judge  the 
acuity  and  field  of  operation  of  each  sense  separately,  and  such  experiments  intro- 
duce the  further  complications  of  unnatural  conditions.  Several  tests  of  this  kind 
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have  been  made,  and  we  are  now  beginning  to  have  some  selective  data  on  rattle- 
snake senses,  but  much  remains  to  be  done.  In  general,  it  is  the  conclusion  that  the 
vision  of  the  rattlesnake  is  moderately  good,  Init  with  narrow  spatial  limitations. 
Hearing  is  aljsent,  but  is  partially  rcjjlaccd  by  a  liigli  sensitivity  to  tremors  ol  the 
substratum  upon  which  the  snake  rests.  The  sense  ol  smell  is  acute,  although  oper- 
ating in  part  with  a  mechanism  different  from  our  own — a  medianism  that  com- 
bines smell  and  taste.  Touch  is  sensitive,  but,  as  the  snake  has  no  tactile  limbs, 
not  particularly  valuable.  Finally,  there  is  the  pit,  a  high-temperature  differential- 
receptor  that  gives  the  rattlesnake  a  knowIe<j^  of  the  direction  and  distance  of 
objects  whose  temperature  is  higher  than  the  rest  of  the  surroundings,  a  valuable 
organ  to  a  creature  living  largely  on  warm-blooded  prey. 

With  these  difficulties  of  ititerprelation  it  is  not  surprising,  nor  does  it  cast  (loui)t 
on  their  ])o\vers  of  obscr\aiion,  that  my  corrcspontlcnts  differ  widely  as  to  tlie 
relative  sharjjness  of  the  several  senses  of  the  rattlesnake.  The  following  arc 
example  conclusions: 

The  sight  of  the  rattlesnake  seems  to  be  very  poor.  The  hearing,  or  ihc  receipt  ol  some 
vibnition,  seems  to  be  their  most  eiEective  sense.  Nelson  S.  Stone,  U.  S.  Forest  Service,  Camp' 
tonvUte,  Calif, 

-C" 

I  don't  think  that  the  rattlesnake's  senses  of  smell,  sight,  or  hearing  are  \ery  acute,  as  a 
(K  ison  must  get  very  dose  to  one  before  it  shows  alarm.  W.  J,  Petermann,  U,  S.  Forest  Serv- 
ice, Meeteetse,  W'yo. 

■o 

Rattlesnakes  seem  to  have  fairly  acute  senses  of  licaring  and  eyesight,  as  they  will  generally 
be  moving  away  when  you  first  see  them.  I  have  no  idea  whether  they  have  a  sense  of  smell. 
Kermit  Miller,  U.  S.  Forest  Service,  Ubby,  Mont. 


I  believe  the  rattler's  senses  of  sight,  hearing,  and  smell  are  acute  under  favorable  tempera- 
ture conditions.  All  senses  and  movements  are  sluggish  when  they  are  cold.  B.  A.  Goodman, 
U.  S.  Forest  Service,  Stanford,  Mont. 

■o 

The  lattlesnakc  possesses  i  kct  n  sight  and  appears  to  sec  everything;  the  licaring  seems  to 
be  till II.  while  the  sense  of  smell  appears  to  be  licen.  C.  B.  Clark,  U.  S.  Forest  Service, 

Dufjield.  Va. 

As  one  watches  a  rattler  in  his  best  dcfcnsixc  pose,  one  can  readily  appreciate 
these  divergent  opinions.  Of  the  snake's  absorbed  scrutiny  there  can  be  no  ques- 
tion; he  is  appraising  your  every  movement  and  intention.  But  the  determination 
of  the  senses  by  which  he  is  making  these  judgments  is  not  easy.  He  nuist  be  looking 
at  you,  yet,  curiously,  you  will  see  that  his  eyes  arc  not  focused  forward  but  are 
apparently  looking  sideways.  He  is  taking  deep  breaths,  but  is  this  for  the  purpose 
of  smelling,  or  is  the  resulting  hiss  the  objective?  His  tongue  is  alternately  extruded 
and  withdrawn;  and  while  protruded  is  sometimes  held  vertically  upward,  and 
sometimes  vertically  down,  but  always  with  the  quivering  tips  widely  divergent. 
What  is  the  purpose  of  this  spectacular  maneuver?  What  form  of  radiation,  air- 
borne vibration,  or  floating  particles  are  Iieing  intercepted?  In  an  endeavor  to 
answer  these  questions  wc  shall  consider  the  senses  separately. 
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Sight  and  the  Eye 

The  eye  ol  the  laiikbiuikc  has  alwavb  had  a  lascination  tor  people,  particularly 
because  it  was,  indeed,  thought  to  be  the  source  of  the  snake's  ability  to  fascinate 
animals  by  those  who  have  conceded  it  that  mystical — and  mythical — ^power.  To 
many  people  the  eye  has  a  sinister  appearance,  a  result,  no  doubt,  of  its  fixed  and 
unwinking  stare,  the  narrow,  catlike  pupil,  and  the  effect  of  the  overhanging 
scale — the  supraocular — that  gives  it  a  scowling  and  beetle-browed  aspect  (figs. 
2:78  to  2:80).  Many  early  writers  found  every  evidence  of  malign  itv  in  the  rattler's 
glance.  Catesby  (1731-1'5,  vol.  2,  p.  41)  states  that  the  eye  is  red;  Kalm  (1752-53) 
says  no  artist  can  depict  the  burning  anger  of  its  eye;  Goldsmith  (1771,  vol.  7, 
p.  213)  describes  it  as  shining  like  fire,  as  the  snake  levels  its  dreadful  glare 
upon  its  prey;  Anbury  (1789,  p.  230)  writes  that  the  rattlesnake  has  a  cjuick  and 
piercing  eye;  Bartram  (1791,  p.  267)  says  that,  when  it  is  threatening  an  enemy, 
the  eyes  become  as  red  as  flaming  coals;  Winterbotham  (1795.  p.  406)  says  that  in 
defense  the  eyes  flame  in  a  most  terrible  manner;  Bosc  (1809,  p^  550)  mentions  their 
great  brilliance;  Ashe  (1808,  p.  142)  observes  that  they  glared  fire  as  a  snake  faced 
his  dog;  Wakefield  (1819,  p.  74)  says  the  eyes  are  red;  Doddridge  (1824,  p.  81)  likens 
them  to  baUs  of  fire;  Murray  (1829.  p.  316)  says  they  are  as  red  as  flame  when  the 
snake  is  prepared  to  strike;  while  T.,  X.A.  (1882,  p,  6)  notes  that  the  eyes  of  a 
rattler  blazed  with  fury  when  a  stone  was  thrown  at  it.  O.  \V^  Holmes,  in  Elsie 
Vomer  (ISf)!,  vol.  1.  p.  23S),  presents  a  classic  desc  ription  of  a  man  paraly/ed  by 
fear  when  he  saw  a  rattler  s  e\es  shining  m  the  darkness  of  a  cave.  Flack  (1866, 
p.  324)  warns  hunters  to  beware  of  the  rattler's  hypnotic  eye.  Orcutt  (1891,  p.  190) 
refers  to  the  magnetic  influence  of  the  rattlesnake's  eye.  Menger  (1913,  p.  147) 
says  the  eyes  glitter  like  fiery  red  balls. 

Several  writers  remark  on  the  dilation  of  the  eyes  when  the  creature  is  angered: 
Foot  (1807,  p.  1 19)  that  it  projects  the  eyes  to  a  large  size;  and  Hopkins  (1930,  p.  87) 
that,  in  exerting  its  mesmeric  power,  it  dilates  its  eyes  to  the  size  of  a  10-cent  piece. 
T.  (1887,  p.  r)rt2)  summarizes  its  fearful  quality  when  he  says  that  the  eye  is  so 
dreadful  no  one  can  look  at  it  for  more  than  a  moment.  1  he  mytilical  use  of  the 
eye  in  fasc  inating  prey  has  been  mentioned  elsewhere  (p.  1220). 

But  all  of  these  writers  are,  in  fact,  concentrating  into  an  imagined  appearance 
of  the  rattlesnake's  eye,  the  sinister  threat  of  the  snake's  defensive  posture.  For  the 
eye  is  singularly  inexpressive  of  the  snake's  feelings  and  deportment.  Far  from  flash- 
ing fire,  it  remains  virtually  unchanged,  whether  the  snake  is  asleep  or  threatening 
some  trespasser  upon  its  seclusion.  The  snake  has  no  movable  eyelids;  the  scale- 
sheathed  skin  that  surrounds  the  eye  has  neither  the  power  of  dilation  nor  of 
other  voluntary  movement:  the  pupil  itself  has  little  range  of  lateral  motion;  and, 
finally,  unless  the  snake  be  asUep,  the  pupillary  oj)ening  is  responsi\e  only  to  the 
incident  light.  So  the  expressiveness  of  the  eye  that  we  are  likely  to  attiibute  to 
other  creatures,  because  we  observe  it  in  ourselves,  is  certainly  not  e\ident  in 
rattlesnakes. 

As  to  the  acuity  of  a  rattlesnake's  vision,  there  have  been  many  guesses  by  ob- 
sovers,  but  there  have  been  the  usual  difficulties  in  segregating  the  effects  the 

several  senses  to  learn  which  one  has  produced  some  particular  reaction  that  may 
have  been  noted.  This  is  especially  the  case  with  pit  vipers,  such  as  rattlesnakes. 
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since  they  have  two  organs — eyes  and  facial  pits   responsive  to  radiation.  Brickel 

(1737,  p.  142)  thought  rattlesnakes  to  he  sharp  sighted.  Some  of  my  correspondents, 
as  a  result  of  tlieir  field  observations,  believe  rattlers  to  have  good  vision,  but  only 
at  dose  range,  and  this  seems  to  be  a  sound  c  oiu  lusiou. 

Other  correspondents  bring  out  the  iacl  iliat  rattlers  are  especially  responsive  to 
moving  objec  ts: 

It  has  been  noted  tiial  raulcrs  seem  to  be  very  nearsighted,  and  depend  on  the  muvenicnl 
of  an  object  to  locate  it.  John  H.  Stanley,  V.  S.  Forest  Service,  Andrews,  N.  C. 

■o 

Rattlesnakes  do  not  appear  to  become  alarmed  unless  a  moving  object  comes  within  a  few 
feet,  or  aomctliing  actually  touches  them.  £.  L,  Thompson,  U.  S.  Forest  Serw<x,  Cascade, 
Idaho. 

The  same  idea  regarding  the  importance  of  motion  has  been  expressed  by  Kunz£ 
(1879,  p.  311)*  Rice  (1895,  p.  389),  Beyer  (1898,  p.  23),  Matteson  (1899,  p.  665), 
Bevan  (1923,  p.  163),  Strecker  (1927,  p.  6),  and  Gibson  (1940,  p.  25).  Reichcrt  (1930, 
p.  202)  experimented  with  a  western  diamond  rattler  (C.  ahox)  and  found  that 
it  followed  hand  movements  up  to  distances  of  10  feet.  Walls  (1942a,  p.  311)  makes 
tile  following  comment  on  the  necessity  of  movement  to  visual  recognition  by 
reptiles  in  general: 

Not  only  anipliil)i;in-;.  but  most  snakes,  lizards,  and  many  carnivorous  turtles  appear  not 
to  see  motionless  prey.  Motion  is  particularly  important  to  diurnal  snakes,  whose  visual 
acuity  is  probably  the  lowest  of  any  diurnal  vertebrates — Dryophis  being  a  conspicuous 
exception  in  its  ability  to  secure  motionless  prey  solely  by  sight.  Other  diurnal  snakes  "lose 
contact"  \si(ii  the  jmcv  if  it  stops  moving  or  freezes,  and  tlicn  attempt  tn  rceain  rnpport 
through  oUaclury  cxjdoiing  ur  trial-and-crror  longuing.  Nuciurnal  snakes,  many  of  ivhich 
have  superb  olfactory  powers,  are  better  able  to  locate  and  strike  motionless  prey,  without 
need  of  vision. 

My  own  tests,  under  moderate  illumination,  such  as  that  iroiu  a  north  iky  with- 
out direct  sunlight,  indicate  that  a  rattlesnake  can  detect  movements  by  sight  alone 
at  distances  of  15  feet  at  least.  These  experiments  were  made  on  a  nervous  snake 
housed  in  a  glass  jar.  Such  a  snake  is  particularly  useful  in  tests  of  this  kind  since 
it  will  react  to  external  stimuli  by  rattling,  whereas  after  it  has  become  accustomed 
to  captivity,  it  will  make  no  such  response.  By  the  use  of  a  piece  of  white  paper 
on  the  end  of  a  thin  rod  that  coidd  be  made  visible  to  the  snake  through  a  door, 
it  was  easy  to  ascertain  luidci  what  circiuustanccs  the  snake  became  aAvare  of  the 
paper.  No  other  sense  but  sight — not  lu  aring,  smell,  the  pit,  or  air  motion — coidd 
possibly  have  been  elTet  ti\e  in  tausing  this  glass-encased  snake  to  rattle,  ^  et  it  did 
rattle  whenever  the  white  paper  was  brought  within  its  range  of  vision,  although 
not  always  before  the  paper  was  waved  about. 

The  distance  at  whidi  a  rattlesnake  becomes  aware  of  a  movii^  object  gives  only 
a  partial  answer  to  the  question  of  the  effectiveness  of  its  eyesight.  We  should  like 
to  know  more  of  the  acuity  of  sight  under  different  conditions,  and  to  what  extent 
sight  is  important  in  securing  prey  and  other  objectives.  Here  the  separation  of 
the  effects  of  other  senses  becomes  more  diiiiciilt,  and  adequate  experiments  more 
complicated.  Xoble  and  .SdmnVlt  (1937.  j).  28())  found  that  rattlers  deptived  of 
both  pits  and  tongue  were  able  to  catch  mice  by  sight  alone.  With  cold-blooded 
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prvy  tlic  pits  would  be  of  littlr  use  in  am  t.isL-.  lUit  c\cn  with  itll  their  senses  intatt, 
it  is  Mirprisiim  how  lietjiieiilly  ca}jii\e  ^allk^Ilakes  are  seen  to  miss  their  pK  v  when 
they  strike  at  it,  even  at  close  range.  So  although  we  have  little  douljt  as  to  the 
impoitanLe  ol  sight  in  rattlesnake  activities,  tests  show  the  eyes  to  be  lar  from 
perfect  instruments. 

Our  inadequate  experiments  with  the  eyes  may  be  partially  supplanted  by 
studies  of  eye  structure  and  operation.  This  involves  an  estimation  of  the  probable 
effectiveness  of  the  snake's  eyes  from  the  known  principles  governing  the  visual 

perceptions  ol  better-known  creatures. 

In  this  coinieciion  G.  L.  Walls,  in  a  niiniljer  of  important  paj)eis,  has  disc  usseil 
vai  ious  features  of  eve  stiiu  tine:  tliosi'  ihat  include  data  on  snakes  are  as  follows: 
1931,  colored  lenses;  I'JJUa,  visual  purple  ^rhodopsin);  19326,  pupil  shapes;  19.^3 
(with  Judd),  color  filters;  1934a,  the  retina;  1934b,  the  spectacle  or  brille;  1938,  eye- 
shine;  1940,  phylogeny;  1942a,  general;  1942b,  visual  mechanisms. 

Walls  finds,  first,  that  the  eyes  of  snakes  differ  so  radically  from  those  of  lizards, 
with  the  development  of  new  solutions  for  old  netxssities,  that  he  concludes  that 
the  ancestral  snakes,  afiei  I)reaking  away  from  their  lizard  forebears,  must  have 
passed  through  a  period  ol  fo«>sorial  oi  sid)teri njiean  existence,  during  which  the 
servi( eability  ol  the  r\v  was  gn  ally  redud-d,  nuu  h  as  it  is  in  the  woi  in  snakes  of 
ihc  ii^cnm  Li'ljlotypldops  today.  I'pon  its  re\  i\a]  as  an  imjHjrtant  and  useful  organ, 
some  of  the  features  of  the  lizard  eye  that  had  l)een  lost  through  degeneration 
were  not  restored— evolution  in  such  cases  bemg  thought  irreversible — and  other 
expedients  serving  the  same  purpose  were  developed  in  their  stead.  As  an  example, 
the  yellow  oil  droplets  at  the  bases  of  the  retinal  cones  in  certain  diurnal  lizards 
were,  in  some  diurnal  snakt  s,  supplanted  by  a  yellow  color  in  the  lenses.  Both  of 
these  metliods  of  narrowing  the  spedtiim  of  the  incident  light  result  in  greater 
acuity  through  the  pi  e\(  nti(jn  of  ( hiomatic  aberration. 

Ceitain  generalities  with  legaid  to  the  eye  structure  in  snakes  are  of  inteie^t. 
No  snake  '  has  a  fo\ea,  or  n  tinal  center  of  high  sensitivity,  hence  there  is  no  fixa- 
tion or  precise  aiming  of  the  eye  at  objects  (A Vails,  1942a,  p.  292).  In  m<»t  snakes 
the  eye  sockets  are  so  far  back  on  the  sides  of  the  head  that  the  range  of  possible 
stereoscopic  vision  is  limited  to  a  very  narrow  field  directly  in  front  of  the  snake. 
For  both  of  these  reasons  eyeball  movement  is  a  relatively  unimportant  feature  of 
eye  usage. 

Distance  accommodation  in  snakes  is  seemed  by  motion  of  the  lens  towaid,  or 
away  from,  the  riiina,  rather  than  i>v  the  uunv  customarv  chant;i-  in  lens  shape 
(Walls,  1910,  p.  7).  The  snake  eye  has  ;i  hai<l.  tiansparent.  lenslike  (<)\eiing — the 
Spectacle  or  brille — the  genesis  of  which  has  been  discussed  by  Di.\on  (1901;,  p.  990), 
Neher  (1935,  p.  533),  and  Walls  (1934b.  p.  1045;  1942a,  p.  454).  The  spectacle  is 
valuable  as  a  protection  to  the  eye;  and,  because  of  its  optical  effects  on  the  eye,  has 
had  an  important  bearing  on  the  structure  itself.  The  spectacle  is  shed  periodically 
with  the  t  est  of  ilu  snake's  skin.  The  eye  covering  in  a  shed  skin  is  dearer,  stronger, 
and  stiller  than  the  f)ilier  elements  of  the  skin.  It  often  shows  scratches  and  abra- 
sif)ns  |)rioi  to  sludding;  and.  at  one  jieriod  of  the  shedding  process,  iheic  is  a 
milk\  lluid  between  (he  spiiia«le  anil  the  eve  that  (onsiderably  inttrlircs  with 
sight.  The  few  li/ards  that  hu  k  movable  eyelids  have  spectacles  like  those  of  snakes. 

^  L.vtcpl  Dryophis  myiltrizaiis. 
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As  to  the  derivation  of  the  particular  group  of  snakes  to  which  the  rattlers 
belong— the  pit  vipers  or  ciotalids— Walls  (1912a,  plate  I;  1942b,  fig.  1)  pictures 
the  ancestral  crotalid  as  having  been  derived  from  a  primitive  diurnal  colubrid; 
the  diangcs  in  the  eye,  particularly  tlic  vertical  pupil,  the  absence  of  any  color 
fiher,  and  the  partial  supprission  ol  single  and  double  tones  in  fa\oi  of  rods  in 
the  retina,  have  resulted  in  an  organ  nujre  suitable  lor  nocturnal  activiiy  than  was 
the  ancestral  type  from  which  it  was  derived.  Dim-light  vision  is  made  possible  by 
retinal  rods  containing  visual  purple.  Their  high  sensitivit)  lecj^uires  a  slit,  rather 
than  a  round  pupil,  since  the  former  is  more  susceptible  to  contraction  and 
almost  complete  dosure,  as  is  required  by  a  nocturnal  animal  in  daylight,  if  com- 
plete dazzling  and  virtual  blindness  are  to  be  avoided.  Walls'  theory  of  snake 
phylogeny,  as  deduced  from  eye  structure,  has  been  discussed  by  Bellairs  and 
Underwood  (1951,  p.  211). 

The  most  olnious  external  chai ar tcristic  of  the  rattlesnake's  eye  is  the  \citi(al 
puj)il.  This  shape  of  pu])il,  although  often  thought  characteristic  of  poisonous 
snakes,  is,  in  fact,  cjuite  independent  of  a  snake's  venomous  cjuality;  as  has  been 
stated,  it  is  more  an  indication  of  noctumality  than  an)  thing  else,  although  it  is 
not  a  universally  accurate  criterion  even  of  this  feature  of  snake  adaptation.  For 
example,  the  shovel-nosed  snake  {Chionactis  occipitalis),  certainly  a  nocturnal 
species,  has  a  roimd  pupil."  In  some  snake  families  the  shape  of  the  pupil  is  con- 
stant, regardless  of  whether  an  individual  species  preiers  da\ light  or  niohttime 
acti\itics:  but,  in  other  families,  the  diurnal  snakes  irsuallv  ha\e  rouiui  pupils, 
and  the  nodin  iial,  elliptical,  or  at  least  o\al.  But,  after  all,  there  is  really  no  shai  jj 
boundary  between  noc  turnal  and  diui  nal  snakes,  tor  they  are  so  greatly  inliuenced 
by  temperature  conditions  that  they  ma)  be  nocturnal  at  one  time  of  year  and 
diurnal  in  another;  or,  within  a  single  species,  the  residents  of  higher,  cooler  areas 
may  be  abroad  in  the  daytime  while  those  found  in  the  deserts  below  are  neces- 
sarily restricted  to  activity  at  night.  This  is  the  case  with  the  rattlesnakes;  for, 
despite  the  fact  that  the  elliptical  pii|)il  atui  other  structural  characteristics  of 
the  rattlesnake  eye  show  it  to  be  particularly  adapted  to  nocturnal  use,  rattlesnakes 
are  far  from  l)eing  exclusively  nocturnal.  It  is  not  even  to  be  supposed  that  they 
see  belter  at  night  than  in  the  daytime,  for  thev  do  not;  they  aie  merely  e(jiu'j)ped 
to  respond  l)etter  to  the  limited  radiation  available  at  night  than  a  diurnal  animal 
would  be.  In  other  words,  their  night  vision  is  proportionately  better  than  the 
night  vision  of  a  diurnal  animal,  but  in  either  case  the  night  vision  is  imperfect 
when  compared  to  that  under  conditions  of  daylight. 

As  we  consider  the  actual  serviceability  of  the  sense  of  sight  to  rattlesnakes,  we 
observe  thai  it  might  be  used  to  guide  them  toward  three  primary  objccti\(s: 
mates,  food,  and  protection.  But  for  the  first  of  these  the  rattler  is  probably  de- 
pendent on  other  senses,  smell  [)artieularly.  As  to  the  second,  ilic  rattlesnake  is  a 
slo\\  rno\in<^  (leature;  and  although  lu-  occasionallv  trails  his  piev  (see  p.  (iKi),  he 
is  nuuh  more  accustomed  to  lie  in  wait  for  it,  or  to  seek  it  down  holes.  1  he  am- 
bushing rattler,  then,  needs  sight  to  aid  him  only  in  detecting  and  striking  prey 
but  a  few  feet  away,  and  in  this  he  has  the  assistance  of  the  facial  pits,  if  tlu  pre\ 
be  warm-blooded. 

"For  .Kciinuy,  the  shupv  of  the  pupib  of  snakcs  must  be  observed  in  life.  Preservation  often 
distorts  the  shape  of  the  pupil. 
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As  to  protec  tion  from  cncniics,  uht  ihcr  birds  or  mammals,  the  rattler  is  too  slow 
to  outniii  or  tlod^e  t'\eii  the  slowest  oi  them,  heiire  a  superior  or  long  raii;^e  sense 
of  sight  would  not  Ije  important  in  the  detection  of  danger,  except  that  it  might 
wain  him  to  avoid  discovei7  by  freezing.  For  a  rattlesnake's  escape  must  first  be 
dependent  on  concealing  coloration;  and,  if  this  faib,  on  a  noisy  and  threatening 
posture  while  in  retreat,  backed  up  by  the  venomous  strike.  Here  agsan  he  has 
need  only  for  short-range  vision,  particularly  responsive  to  movement.  So  it  would 
appear  that  the  purposes  for  which  a  rattlesnake  might  use  his  eyes  bear  out  the 
supposition  that  the  range  of  vision  is  relaii\ely  short. 

Althouu;h  it  is  difficult  to  determine  the  resp(»nsc  of  raiiKsnakes  to  visual 
stimuli  that  is,  the  extent  to  w'hich  their  reactions  are  atieeted  by  what  tliey  see — 
it  is  not  dilhcult  to  observe  the  ways  in  which  their  eyes  operate. 

Most  obvious  of  all  is  the  effect  of  incident  light  upon  tlie  iris  opening,  which 
is  narrow  in  bright  light  and  wide  in  dim.  There  is  some  independence  of  action 
between  the  eyes;  if  we  start  in  dim  light  with  the  pupils  moderately  dilated  and 
shine  a  light  directly  into  one  eye,  so  that  the  pupil  is  reduced  to  a  thin  slit,  the 
other  will  respond  also,  but  by  no  means  to  the  same  degree,  for  it  will  usually 
adopt  an  intermediate  opening.  Responses  to  light  are  quite  rapid;  it  takes  but  a 
second  or  so  to  diangc  Irom  wide  o]n  iiin!;  to  a  narrow  slit.  1  he  dosing  of  the 
pupil  in  the  fa(r  ol  iiici eased  ligiit  is  more  rapid  and  positive  than  the  icopening 
after  the  light  source  has  been  removed.  .\  captive  snake  will  almost  never  move 
its  head  as  if  the  beam  of  light  caused  discomfort;  the  only  evidence  is  the  im- 
mediate pupillary  contraction. 

There  are  some  spedes  diflferences.  The  sidewinder  (C.  cerastes),  undoubtedly 
the  most  consistently  nocturnal  of  rattlesnakes,  has  a  wider  pupillary  opening  than 
such  other  species  as  the  red  diamond  (C.  r.  ruber)  and  tlie  southern  Pacific  (C.  xk 
helleri)  under  the  same  dct^ee  of  illumination.  Whether  the  sidewinder's  pupil 
becomes  completely  round  in  absolute  darkness.  I  have  been  unable  to  ascertain. 
It  is  almost  rountl  in  verv  dim  light.  Similarly,  the  pupil  of  the  southwestern 
speckled  rattler  (C.  m.  Ijyrrhus)  is  opened  wider  than  that  of  ruber  or  hclleri  in 
the  same  light. 

In  rattlesnakes  the  pupil  extends  almost  from  the  upper  to  the  lower  edge  of 
the  visible  part  of  the  eyeball.  The  pupillary  borders  are  dear-cut  and  even.  There 

seems  to  be  no  change  in  the  major  diameter  of  the  ellipse  upon  contraction,  there 
being  only  a  diatige  in  the  width  of  the  opening.  There  are  some  spedfic  differ- 
ences. For  example,  the  major  axis  of  the  ellipse  in  the  southwestern  speckled 
rattlesnake  (C.  in.  l)xrrlnis)  o(  ( ujnes  a  smaller  vertical  section  of  the  visible  eyeball 
than  is  the  case  in  either  ruhfr  or  lirllrri. 

When  a  rattlesnake  is  asleep,  it  appaiently  closes  the  iris  to  the  minimum  open- 
ing, and  only  a  thin  black  line  of  pupil  remains  visible.  That  the  snake  is  truly 
asleep,  and  not  merely  reducing  the  aperture  to  a  point  adjusted  to  the  imping- 
ing light,  can  be  proved  by  disturbing  the  snake  without  changing  the  illumina- 
tion, whereupon  the  pupil  a\  ill  dilate.  In  fact,  I  have,  on  one  or  two  occasions, 
awakened  a  rattlesnake  by  shining  a  flashlight  beam  into  one  eve.  whereupon 
the  aperture  widened,  notwithstanding  the  increased  light  intensitv,  A  snake 
accustomed  to  captivity,  if  disturbed  only  slightly,  will  go  lo  sleep  again  almost 
immediately. 
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The  pupil  of  the  rattler's  t)  c  appears  black.  The  iris  is  fledLcd  or  inuu  tated  with 
colors,  railier  metallic  in  quality,  generally  in  gray,  broAvn,  or  yellow.  There  may, 
ill  lact,  be  ail  approacli  toward  a  pattern,  a  horizontal  dark  line  across  the  iris 
l)cing  c\  iclciu  in  the  sidewinder.  A  study  o[  the  irises  of  some  filleen  spec  ies  shows 
that  there  is  a  definite  tendency  of  the  iris  color  and  pattern  to  match  that  of  the 
adjacent  head  so  that  the  eye  is  made  inconspicuous.  For  example,  in  the  Omilte- 
man  small-headed  rattler  (C.  i.  omiltemanus)  the  upper  half  of  the  iris  is  light  and 
the  lower  dark*  exactly  matching  and  forming  parts  of  an  upper  light  and  lower 
dark  stripe  on  the  side  of  the  head. 

The  eyeball  has  some  range  of  horizontal  rotation.  Such  motions  are  not  easy 
to  induce,  as  the  snake  does  not  ordinarily  follow  an  object  with  the  eye.  The  most 
effective  wav  of  producing  motion  I  have  discovered  is  to  place  a  snake  in  a  glass 
jar  and  rotate  it  slowly.  1  he  snake  s  eve  \vill  lust  attenipi  to  tompensate  lor  this 
motion,  antl  will  then  twitch  back  to  its  noitnal  orientation.  Thus,  as  the  jar 
turns,  one  eye  turns  forward,  the  other  back.  The  readjusting  twitch  is  made  in 
both  eyes  simultaneously. 

The  normal  direction  of  the  optical  axis  points  slightly  forward  of  an  angle 
of  90^  with  the  median  line  of  the  head;  and  the  snake  seems  to  have  a  greater 
power  to  rotate  the  eye  forward  of  this  normal  direction  than  back.  I  should  judge 
the  rotational  range  of  each  eyeball  (in  a  horizontal  plane)  to  be  only  about  20°. 
In  riihrr,  when  the  e\e  has  been  tinned  to  any  extent  out  of  its  normal  position, 
an  edge  of  lighler-colf)re(l  e\eball  mav  be  seen.  The  two  eyeballs  can  rotate  inde- 
j)endently,  as  can  lie  demonstrated  by  watching  one  eye  directly,  while  that  on 
the  far  side  of  the  head  is  observed  in  a  mirror.  Or,  both  eyes  may  be  watched  from 
directly  in  fifont,  as  the  motion  is  induced. 

If  the  head  of  a  rattler  be  tilted  up  (or  down)  in  front,  the  eye  will  rotate  so  as 
to  keep  the  major  axis  of  the  pupillary  ellipse  verticaL  The  maximum  tilt  from 
the  vertical  is  somewhat  less  than  -15°;  if  the  head  be  tipped  more  than  this,  the 
pupil  can  no  longer  be  kept  vertical.  If  the  tilting  be  in  the  nature  of  a  side 
lotation — the  left  side  of  the  head  uj)  and  the  right  down,  for  example — the  eye 
on  ea(  h  side  will  attempt  to  (  ()ni[jensate  foi  llie  rotation,  by  maintaining  tlie  optical 
axis  of  each  eye  as  nearly  horizontal  as  possible.  Both  of  these  reactions  to  tilting 
the  head  indicate  that  the  rattler  has  a  good  sense  of  balance. 

Eyeball  motions  cannot  be  brought  about  by  bringing  some  object  up  toward 
the  eye,  either  hrom  the  front  or  side,  or  even  by  touching  it.  The  snake  seems  to 
place  full  confidence  (if  the  anthropomorphism  may  be  excused)  in  the  ability  of 
the  spectacle  to  protect  the  eye,  and  does  not  flinch  in  any  way  as  motions  are 
made  toward  the  eyeball. 

When  a  rattlesnake  is  resting — that  is,  is  not  in  the  lighting  pose  or  expecting 
food — it  seldom  makes  an  effort  to  keep  any  ^pe(i^u  ol)ject  in  sight,  either  by 
rotating  an  eye  or  the  head.  1  do  not  presume  this  to  residt  from  entire  indifference, 
but  merely  that,  lacking  a  fovea  or  spot  of  supersensitivity  on  tht  retina,  the  sight 
from  one  direction  is  about  as  good  as  another,  provided  the  object  is  in  a  line 
through  the  pupil  to  some  point  of  the  retina.  I  have  not  noted  any  endeavor  by 
the  snake  to  take  advantage  of  binocular  or  stereoscopic  vision  by  turning  its 
head  to  pjint  the  snout  at  a  moving  object,  unless  the  snake  be  thoroughly 
aroused,  and  in  this  case  it  may  be  bringing  the  other  senses  to  bear,  as  much  as 
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sight.  There  is  no  cfTort  to  direct  the  ocular  axes  forward  when  there  is  a  moving 
object  in  front  o[  the  snake's  snout.  At  best,  the  range  of  stereoscopic  vision  must 
be  very  narrow.**  As  one  looks  at  a  rattlesnake's  head,  end-on  at  a  distance  of  a 
few  inches  from  the  snout,  only  a  narrow  slit  of  each  pupil  is  \  isil)lc,  and  one 
wonders  \shttlKr  tlu'  obscivtr's  eye  is  in  the  line  o(  xision  ol  the  snake  at  all. 
Onh  a  slijflil  motion  ol  the  ol)scrvt'r's  eve  to  the  right  or  Iclt  will  cause  one  ol  the 
rattler's  pupils  to  disapjxar  around  the  bulge  oi  the  eyeball  or  behind  the  prc- 
octilar  scales.  But  in  any  case,  the  snake  seems  little  interested  in  stereoscopic 
vision,  monocular  being  adequate.  One  test,  indicating  that  the  snake  does  have 
stereoscopic  vision  even  though  the  pupils  are  directed  outward,  is  to  shine  a 
flashlight  at  the  snake's  snout  from  directly  in  front.  Although  the  l^ht  strikes 
the  eye  at  almost  90"  from  the  optical  axis,  it  will  (ause  the  pupils  to  contract, 
thus  indicating  that  light  from  the  front  does  reach  the  retina.  These  remarks  have 
reference  to  a  rattlesnake  in  its  resting  position.  .\  rattler  in  a  defensive  or  striking 
coil  does  face  tiie  object  of  its  displeasure,  Inii  this  is  probably  more  for  the  pvn- 
post  of  being  able  to  strike  directly  forward  than  to  secure  the  benefits  of  stereo- 
scopic vision. 

Walls  (1942a,  p.  342)  calls  attention  to  the  method  by  which  some  reptiles  wave 
the  head  from  side  to  side  in  order  to  get  impressions  of  an  object  directly  ahead 
in  eadi  eye  alternately.  I  have  seen  this  done  by  a  sidewinder  (C.  c.  laterorepens). 

Duncan  (1939,  p.  14)  describes  the  methods  of  Ross  Allen,  who  believes  that 

rattlesnakes  cannot  see  directly  overhead.  It  was  his  practice  to  wave  his  right 
hand  before  one  to  attract  its  attention  and  then  to  seize  it  behind  the  head  with 
his  left,  l)rini;ing  the  Iiand  in  from  above  and  behind.  It  is  generally  believed  that 
a  rattlesnake  cannot  strike  u|)ward,  but  this  is  not  true. 

W'c  may  safely  conckulc  that  Anon.  (1858a,  p.  327)  was  the  victim  of  a  campfnc 
tall  tale  when  he  reported  that  rattlers  could  discern  a  vulture  or  falcon  passing 
overhead,  and  take  refuge;  or  that  rattlers  were  seen  prowling  about  with  the 
head  cocked  sideways  on  the  lookout  for  birds*  nests  in  the  trees.  Stebbins  (1954, 
p.  ^M)  has  discussed  the  ability  of  snakes  to  focus  their  eyes  on  some  object. 

Rattlers,  like  some  other  snakes,  have  eyeshine  at  night.  It  is  by  no  means  so 
evident  as  in  many  mammals,  and,  owing  to  the  narrow  pupillarv'  opening,  is  only 
visible  from  a  point  near  the  line  of  the  o]jtical  axis.  I  ha\c  seen  it  onlv  experi- 
mentallv  with  a  flashlight,  never  under  natural  conditions  in  the  field,  although 
I  have  come  up  to  many  rattlers  on  the  road  at  night  with  the  headlights  of  the 
car  shining  on  them,  under  conditions  that  would  have  made  a  cat's  eyes  visible 
at  a  hundred  yards  or  more.  The  reason  for  eyeshine — a  particular  character  of 
the  retina  whereby  dim-light  vision  is  intensified — ^has  been  discussed  by  Walls 
(1938,  p.  103).  Lacepede  (1788-89,  vol.  2.  p.  393;  Kerr,  1802,  vol.  1,  p  2  !ft)  early 
mentioned  eyeshine  in  some  snakes,  rattlers  not  being  .specifically  included.  He 
thought  it  a  kind  of  phosjjiioresrencc — that  is.  the  emission  of  lii^ht  stored  during 
daylight.  The  extent  ol  e\ (shine  in  various  creatures  has  been  disc  usscd  bv  Walker 
(1989,  |).  819).  He  cautions  aj^ainst  the  confusion  of  eyeshine  in  snakes  with  a  mere 
reflection  from  the  spectacle  (p.  353). 

Michler  (1857,  p.  121)  says  that  the  glare  of  a  fire  one  night  on  the  Mexican 
border  attracted  a  large  number  of  rattlers.  I  know  of  no  reason  to  believe  that 

"  Walls  (1942a.  p.  292)  states  that  the  binocular  atiRle  of  most  snakes  varies  from  S0°  to  40*.  the 
Umiu  in  the  species  so  far  investigated  being  20'  to  46*. 
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rattlers,  bcin  t  i  considerable  extent  nocturnal,  are  in  any  situations  phototropic. 
Possibly,  if  the  obst  r\ation  was  accurate,  the  rattlers  might  have  been  attracted  by 
the  heat  ol  tlic  fire,  (  owlcs  observed  a  sidewinder  that  had  to  be  restrained  to 
prevent  its  ciauling  into  a  rainpfire. 

The  fact  that  the  skin  or  sjx'ctacle  covering  tiie  eyel)all  ol  a  snake  is  seniioijatjue 
during  a  part  of  the  period  antedating  skin-shedding  may  account  for  sonic  of 
the  old-time  descriptions  of  winking  snakes,  or  snakes  sleeping  with  their  eyes 
dosed.  Bartram  (1791.  p.  269)  described  a  rattler  met  on  the  trail  that  had  half- 
shut  eyes;  and  Tyson  (1683,  p.  27)  thought  that  the  eye  might  be  deaned  by  a 
nictitating  membrane,  an  idea  repeated  by  Rose  (1803,  p.  550),  Rees  (1819,  p.  1), 
and  Rcid  (1889,  j).  227).""  Charas  (1670,  p.  14)  thought  that  vijjors  have  eyelids. 
But,  ol  (ourse,  no  snake  has  nio\al)Ie  eyelids  or  a  nictitating  membrane  of  any 
sort,  although  the  present  iinnio\  al)le  sjieciac  le  or  brille  is  now  known,  fiom 
embryologital  studies  (Xeher,  1!))}."),  p.  5^^.-i;  W  alls,  liM2a,  p.  151) ,  to  be  a  develop- 
ment of  what  was  once  a  lower  eyelid. 

It  is  doubtful  whether  a  rattlesnake  is  in  any  way  influenced  by  color  in  the 
acceptance  of  prey.  Captive  rattlers  show  no  preference  between  gray  and  white 
mice;  in  fact,  mice  artificially  colored  blue,  green,  yellow,  and  red  were  readily 
accepted  at  the  San  Diego  Zoo. 

Simmiari/ing  our  knowledge  of  the  rattlesnake's  evcsiglu.  we  may  conclude  that 
it  is  fairly  good  at  close  range  and  is  particularly  responsive  to  moving  objects.  The 
structure  ol  the  eye  shows  it  to  be  relatively  more  jiercepiive  in  faint  than  strcjug 
illumination,  that  is,  the  rattlesnake  is  better  able  to  cope  with  dim  light  than 
are  most  diurnal  animals.  It  is  probable  that  the  eye  affords  a  general  impression 
of  the  surroundings  rather  than  a  sharp  image  of  any  particular  object. 

Hi  ARING 

Rattlesnakes,  in  common  with  all  other  snakes,  lack  external  ears.  There  would 
seem  to  be  a  considerable  dilTet  cnrc  of  opinion  among  herpciologists  as  to  whether 
Ol  not  snake  s  aic  deaf,  siu  h  ukhU  i  n  lu  i  ]>(  tologi^ls  as  C".  II.  Pope  (19.S7,  p.  40),  and 
.Schniicll  and  Davis  (1911.  p.  (iO)  niainlaining  that  they  arc  ;  whereas  Gadow  (1901, 
p.  583),  F.  Wall  (1921,  p.  4(i7),  and  Malcolm  Smith  (1943,  p.  4)  state  that  they  can 
hear  quite  well.  Yet  this  apparent  difference  of  opinion  may  be  more  a  matter  of 
definition  than  otherwise,  for  all  agree  that  under  certain  circumstances  snakes 
are  made  aware  of  external  vibrations  that  are  first  carried  by  the  air  as  sound 
waves,  and  are  then  transmitted  to  the  substratum  upon  which  the  snake  rests, 
for  the  snake  is  particularly  sensiti\e  to  the  faintest  tremors  of  the  substratum. 
Certainly,  as  far  as  laitlesnakcs  aic  ( oncc  i  ned,  they  do  not  apj)ear  to  be  c  onsc  ious 
in  any  way  of  the  direct  imj)ingenieni  on  any  pai  t  of  the  head  or  body  cjf  the  types 
of  uir  vibrations  that  wc  know  iis  sound  wuvcs,  although  they  may  rccogni/c  air 

movements  via  the  pit.  But  if  the  type  of  the  substratum  upon  which  the  snake 
rests  is  in  any  way  responsive  to  sound  waves,  as  is  the  case,  for  example,  with  an 
ordinary  wooden  or  fiberboard  box,  then  the  vibration  is,  in  turn,  transmitted  to 

I  liis  tnisiiiuicrs(nndin)f  may  have  been  a  iiiatii-i  of  definition.  Goldsmith  (1774.  vol.  7,  p.  1A7) 
slates  that  some  serpents  have  only  lower  evelids,  u  hcrcas  in  others  there  is  a  nictitating  mem- 
brane. But  it  should  be  remembered  that  in  his  dav  (he  legless  lizards,  some  of  which  have  e>'elids. 

were  tfi()iiy;ht  to  be  scipcnis.  rnpst-ll  s  Histmir  nf  s,  i//. '.f*.  KiOS.  iiuludid  in  this  ratc^jorv.  uni 
(irilv  line  Mtakfi.  l)iu  such  clivfi>c  cic.itiiK>  a^  Ii/.ikU.  i lotodiU's,  cliagoiis,  miller.  fioj>s.  toads, 
salamanders,  and  newts.  litcs.  wasps,  cate  rpillars,  worms,  scorpions,  and  sitidcrs  are  also  described, 
but  they  seem  to  Ik  less  certainly  "serpents"  llian  the  reptiles  and  amphiliians. 
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the  snake,  whidi  is  thereby  alerted.  This  is  not  to  suggest  that  snakes  are  only 

responsive  to  these  foundational  vibrations  if  the  air  serves  as  an  intermediate 
avenue  of  their  transmission;  on  the  contrary,  p;round  tremors  emanating  directly 
from  the  disturbing  source  are  nuich  more  often  the  cause  of  stimulation. 

That  ground  \  ihrations,  rather  than  air-propagated  \vaves,  serve  to  warn  rattle- 
snakes of  the  presence  of  an  iniiuder  has  been  observed  by  a  number  of  my 
correspondents: 

I  think  raulci-s  are  more  sensitive  to  feeling,  probably  through  the  giound,  tliau  to  hear- 
ing,  or  even  sight.  C.  H.  McDonald,  V.  S.  Forest  Service,  Steoenstnlle,  Mont, 

Rattlers  hear  well  ulun  snmctlung  strikes  the  ground,  but  don't  respond  SO  well  to  a  call. 
Ellen  Johnston,  V.  S.  fish  &  Wildlife  Service,  Shelby,  Mont. 

o 

With  regard  to  hearing,  it  is  my  belief  that  rattlesnakes  arc  sensili\e  to  vibrations,  such 
as  footsteps  on  the  ground.  Co/iftn  A.  Bowman,  V.  S,  Forest  Service,  Deer  Lodge,  Mont. 

-o- 

I  don't  know  wheilier  rattlers  hear  sound,  but  a  thump  on  the  ground  will  surely  be 
noticed.  Custave  W.  Koski,  U.  S.  Fish  &  Wildlife  Service,  Windham,  Mont. 

•c- 

A  rattlesnake  docs  not  need  to  sec  you  to  know  you  are  in  close  proximity;  he  is  very  sensitive 
to  the  vibration  of  the  ground  when  you  are  approaching  him.  Judge  W.  S.  Owens,  Cody, 
Wyo. 

Rattlesnakes  apparently  are  sensitive  to  vibrations  of  the  soil  or  rock  for  considerable 
distances.  Glen  E.  Sindel,  U.  S.  Forest  Serviee,  Deseanso,  Calif. 

Published  coinmeuts  agreeing  witii  these  statements  respecting  the  sensitiveness 
of  rattlesnakes  to  vibrations  conducted  through  the  substratum  have  been  voiced 
by  Pike  (I898>  p.  58),  Bogert  (1941  b»  p.  S37;  1945,  p.  2),  and  Davenport  (1943,  p.  14). 

The  anatomy  of  the  snake's  ear  has  been  diacuffied  by  Dixon  (1902,  p.  991), 

Gadou-  (1901.  p.  Manning  (192.S,  p.  211).  Malcolm  Smith  (1943,  p.  4),  and 

Bellairs  aiul  I  iiderwood  (1951,  pp.  216,  228).  There  is  neither  an  external  ear 
opening  nor  an  ear  drum.  The  residual  aitdilorv  apj)aratuv,  that  snakes  still  retain 
com|:)riscs  a  slender  bf)ne — the  stapes  or  coliunella  amis  extending  from  the 
cjuathaie  to  the  pio  otic,  although  the  connection  with  the  latter  is  rather  loose 
(figs.  11:1  to  11:4).  Whether  this  mechanism  can  be  serviceable  in  the  transmission 
of  air  vibrations  of  the  kind  that  record  the  sensations  of  sound  in  our  ears  may  be 
questioned,  both  on  the  score  of  anatomical  evidence  and  experiment.  Gadow 
(1901,  p.  583)  and  Dixon  (1902,  p.  991)  thought  that  the  act  of  eating  would 
produce  a  thundering  sound  in  the  internal  ear.  Manning  (1923,  p.  211)  questions 
the  usefulness  of  the  mec  hanism  as  a  part  of  an  or^an  of  hearing.  Pope  (19S7,  p.  40) 
believes  tliat  the  sta])es  has  lost  its  at)iliiv  to  iransniil  sound  ^\a\es. 

The  evidence  of  suth  tests  as  have  \nxu  made  on  the  hearing  ot  snakes  woidd 
seem  to  confirm  these  conclusions.  O'ReiUv  (1891,  p.  70)  showed  that  the  rearing 
and  "dancing"  of  cobras  are  caused  by  the  swaying  motion  of  the  snake  charmer 
and  his  flute,  and  not  by  his  music.  Experiments  were  made  with  a  flute  and  a 
violin.  There  was  no  response  upon  the  part  of  the  snake  unless  the  instrument 
was  allowed  to  touch  the  snake's  l)ox  and  a  lo%\-  note  was  played;  under  these 
circumstances  the  vibration  of  the  box  could  be  felt  even  with  the  hand,  so  it  was 
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not  remarkable  that  the  snake  reacted.  O'Reilly  found  that  snakes  danced  to  the 
movements  of  a  snake  charmer  whether  or  not  music  was  being  played.  He  ob- 
served that  feeding  snakes  were  not  disturbed  by  people's  voices,  but  they  were 
agitated  if  any  motions  were  made. 

F.  Wall  (1921,  p.  107)  experinienled  with  cobras  that  h:ul  been  Ijliiulloklcd  witli 
tape  and  found  them  to  be  quite  deaf  to  air-tonductcd  sounds.  With  a  stick,  he 
beat  tin  cans  held  dose  to  the  snakes,  but  without  response;  nor  did  they  react 
to  the  sound  of  a  bugle.  But  the  slightest  tremor  of  the  floor,  the  falling  on  them 
of  rust  particles  from  the  can,  or  the  impingement  of  the  blast  of  air  emanating 
from  the  bugle  would  cause  the  snakes  to  rise  and  s[)rc;)(I  tin  ir  hoods. 

Davenport  (1913,  p.  M)  made  cxjjcrimcnts  by  violently  shaking  a  can  of  rocks 
close  to  a  snake,  f  o  this  rac  ket  tliere  was  no  response;  yet  when  the  can  was  placed 
on  tlic  grountl  with  only  the  slightest  bump  the  snake  instantly  became  alert.  He 
ioiuid  snakes  .iblt:  to  delect  a  light  step  at  a  distance  of  15  feet. 

I  ha\  e  caused  a  radio  to  play  lor  long  hours  beside  nervous  rattlesnakes  without 
their  showing  the  slightest  reaction,  although  they  rattled  immediately  at  any 
visible  movement. 

The  most  complete  set  of  hearing  experiments  ever  conducted  on  snakes — and 
these  were  principally  on  rattlesnakes— were  those  of  Manning  (1923,  p.  241). 
Sounds  of  from  -Ui  to  I,37()  cycles  per  second  were  produced  in  a  telephone 
receiver  with  suflicient  intensity  to  have  been  hcai d  by  a  human  being  at  a  tlistance 
of  100  yards  or  so.  The  snakes  experimented  on  v  easlet  n  ihamoiulljac  k>  (C. 
adaniantcus),  timber  rattlers  (C  //.  honidus),  western  diamonds  (C  atrux),  antl 
pigmy  rattlers  (5.  miliarius).  Moccasins  and  copperheads  were  also  used.  The 
snakes  were  housed  in  cages  that  were  covered  with  black  cloths  during  the  tests, 
the  observations  upon  them  being  made  through  peep  holes.  Usually  the  tests 
were  conducted  with  the  telephone  receiver  hung  30  cm.  (11.8  in.)  above  the 
snake's  head,  but  in  some  experiments  the  instrument  was  suspended  beside  the 
snake's  head,  at  a  distance  of  only  a  few  centimeters.  The  sound  duration  was 
usually  5  seconds.  Two  criteria  were  considered  indicative  of  response — rattling 
and  tongue  j)rotrusion.  Anyone  lamiliar  witli  (he  l)eha\ior  of  freshly  (aught,  and 
therefore  nervous,  rattlesnakes  will  agree  that  these  are  the  reactions  usually  evi- 
dent when  a  snake  becomes  conscious  of  an  intruder,  l  egardless  of  the  sense  by 
which  it  has  been  alerted. 

The  tests  were  almost  universally  negative;  the  snakes  seemed  quite  deaf  to  these 
loud  sounds,  although  they  would  instantly  rattle  at  the  sight  of  a  person  passing  a 
cage.  But  there  were  occasions  when  some  of  the  diamondbacks  responded  to  the 
lowest  r>f  the  frecjuencies  (13  vibrations  per  second),  and  f)ne  exceptionally  nervous 
C.  atrox  responded  also  to  the  next  liij^lier  frecjuc  ncy  (Sfi  cycles).  These  tests  wvrc 
made  with  the  tele|)h<)ne  receiver  beside  tiie  snake,  and  it  is  not  im[)ossiblc — as 
suggested  by  Pope  (1937,  p.  11) — that  in  these  exceptional  instances  the  vibration 
may  have  been  perceived  through  the  pit  rather  than  the  ear.  Or  the  sound  may 
have  been  energetic  enough  to  vibrate  the  wooden  bottom  of  the  snake's  cage; 
for  Manning  found,  if  a  cage  were  rested  on  the  sound-producing  instrument, 
that  the  vibration  (at  the  lower  frequencies)  would  readily  arouse  the  snake. 

Manning  staled  that  the  remarkable  sensitiveness  of  the  snakes  to  visual  stimuli, 
as  compared  to  tlie  lack  of  response  to  loud  sounds,  was  the  outstanding  feature 
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of  tlic  tcsis.  He  concludes  that  latiksnakes  arc  deaf,  in  the  usual  sense  of  the  word, 
and  thai  IK)  ratllcr  ever  heaixl  another's  rattle. 

1  inatie  a  series  of  experiments  on  a  large  red  dianiond  rattier  (C.  r.  ruber)  that 
would  rattle  u{K)n  the  slightest  disturbance — it  had  been  slightly  injured  in  the 
course  of  capture — ^and  therefore  was  a  good  experimental  subject.  The  snake 
taught  me  how  necessary,  yet  difficult,  it  was  to  eliminate  the  possibility  of  sense 
impressions  reaching  it  by  unsuspected  avenues,  before  one  could  really  judge 
whether  it  was  susceptible  to  the  direct  air  waves  that  we  call  sound.  When  I 
clapped  sticks  too;etIu  r,  witli  my  hands  hcvond  its  range  of  \  ision,  it  reacted,  but 
1  lound  it  was  watdiini;  ihc  s\\  ingins;  ol  my  lect  beneath  the  table,  for  I  was  sitting 
on  a  high  stool  witlioiit  a  footresi;  and  when  a  sotcn  was  interposed  it  caught  my 
movements  rellecled  in  a  nearby  window,  it  was  so  extraordinarily  sensitive  to 
ground  vibrations  that  footfalls  15  feet  away  on  a  cement  floor  alarmed  it,  and 
this  whether  it  rested  on  sand  or  on  a  blanket.  Placed  in  a  closed  fiberboard  box, 
and  suspended  by  a  rubber  band  from  the  center  of  a  stick  that  in  turn  rested  on 
a  pillow  at  each  end — a  piecaution  against  vibration  reaching  it  througli  the 
suspension — it  reacted  quite  readily  to  sounds  of  clapped  sticks  or  a  radio;  but 
clearly  these  were  transmitted  thiough  the  box  acting  as  a  soimding  board,  despite 
the  deadening  (jualit\  of  (ibei  lio.ud.  Placed  in  a  muslin  sack  with  the  same  support 
it  failed  to  react,  biu  1  lound  it  was  because  this  bundling  of  its  body  seemed  to 
cow  it.  Finally,  I  placed  it  in  a  Chinese  basket  formed  of  woven  bamboo  withes, 
using  the  rubber-band  and  pillow  method  of  suspension.  Again  it  showed  normal 
sensitivity  by  rattling  at  the  slightest  movement  seen  through  the  weave  of  the 
basket  or  to  the  dropping  of  a  few  grains  of  sand  on  it  from  above.  But  the  basket 
evidently  failed  to  respond  to  air-tiorne  sounds,  and  the  rattler  in  turn  did  not 
react  to  clapped  stic  ks  or  a  vcrv  loud  radio  but  a  few  feet  away,  provided  the  ladio 
was  ne\('r  turned  compk  l(  iv  oil:  il  it  was,  the  tattler  sometimes  sensed  the  healing 
of  the  tubes  when  it  was  tin  ued  on.  I  e\entually  tried  alternating  the  radio  between 
silence  and  fidl  power  at  a  distance  of  only  6  inches  from  the  snake's  basket,  and 
with  the  noise  at  times  so  loud  as  to  be  quite  distressing  to  a  person  10  feet  away. 
Once  or  twice  the  snake  reacted — to  low  notes,  it  seemed  to  me — ^but  only  hesitat 
ingly  and  briefly:  yet  with  this  fearful  clatter  continuing,  it  would  rattle  violently 
if  I  came  in  sight,  or  touclietl  the  snpjx>rting  crossbar,  showing  that  it  was  still  on 
the  qui  7'/7'c.  I  finally  readied  the  conclusion  expressed  by  others:  that  rattlesnakes 
are  deaf  to  ;iir  borne  vil)rati<)ns  unless  these  serve  to  \  il)rate  the  soliil  matei  ial  (m 
which  the  snake  jcsts  oi  which  a  part  of  its  body  mav  be  touching.  1  c;  any  vibra- 
tions so  conducted  the  creature  shcjws  extraoiclinary  sensiti\ity. 

I  do  not  think  a  snake's  inability  to  sense  directly  what  we  call  sound  lies  in  its 
being  susceptible  to  different  frequencies  than  those  that  affect  the  human  ear, 
notwithstanding  the  opinions  exiH'essed  by  some  that  snakes  can  hear  high-pitched 
sounds  (Ck>rkill,  1932b,  p.  4).  Certainly  the  radio  I  used  in  the  tests  had  a  wide 
range.  A  dog  whistle,  operating  at  a  frecpiency  above  what  the  human  car  can 
hear,  was  withoiu  effec  t  on  mv  red  diamond  l  attler.  As  to  the  low  notes  mentioned 
in  >ranning's  and  mv  own  tests,  I  think  tliese  were  sensed  merely  because  they 
caused  a  mechanical  vibration  of  the  substratum  when  the  higher  tones  did  not. 

'1  he  t|Ucstion  arises  as  to  whether  a  snake's  sensitivity  to  substratal  vibrations 
involves  the  use  of  the  snake's  residual  inner  ear.  Wall  (1921,  p.  468)  expresses  the 
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opinion  that  it  docs,  based  on  the  ability  of  a  person  to  hear  vibrations  in  a  solid, 
when  the  latter  has  been  brought  into  contact  with  the  bones  of  the  skull.  Bellairs 
and  Underwood  (1951,  pp.  2Hi.  22S)  sIkuc  this  luliel. 

Elliot  (1931a,  p.  507)  tliouglit  that  snakes  sense  ground  \  ihi  iiiioiis  bv  iiu  ans  of 
their  rib  (ips.  Pa\ne  (1945,  p.  507)  sa)s  that  the  ability  to  pcm  i\c  \il)iaiions  in  the 
substratum  is  provided  by  nerve  endings  in  the  epithelium,  stales,  and  rib  ends. 

Tumarkin  (1955,  p.  221)  has  proposed  a  theory  of  ear  evolution  and  use  that 
involves  a  new  hypothesis  concerning  the  snake's  detection  of  substrata!  vibrations. 
He  concludes  that  the  ophidian  auditory  apparatus  is  primitive,  not  the  degen- 
erate residue  of  a  former  air-bome-vibration  detector;  that  from  the  first  it  was 
and  remains  an  efficient  apparatus  for  the  detection  of  ground  tremors.  The 
sounds,  in  the  loini  of  substrata! — not  ;iir  borne — vibi.iiions,  ;nc  condudcd  from 
the  snake's  lower  jaw  (in  contatl  with  the  ground  or  oilier  solitl),  \  ia  ilie  aiiic  ulo- 
quadrate  joint  and  the  stapes,  to  the  snake's  sensory  center,  if  this  theory  is 
correct,  and  the  undersurface  of  the  lower  jaw  is  an  important  link  in  the  trans- 
mission of  substrata!  vibrations,  then  any  snake — a  rattler  or  cobra,  for  example — 
sacrifices  this  sense  when  it  raises  its  head  to  assume  a  threatening  posture.  Evi- 
dently hearing,  in  the  form  of  the  recognition  of  ground  tremors,  is  important 
in  alerting  the  snake  to  distant  movements,  such  as  the  tread  of  a  passei  l)\ .  but 
its  advisory  value  is  abandoiud  in  fa\()r  of  sight — and  the  pit,  in  rattlesnakes — 
upon  the  closer  ajiproach  of  the  intruder. 

\Vith  snakes  so  sensiiixe  to  vibrations  ol  the  sid)stratinn  that  they  react  to  many 
kinds  of  sounds  that  we  hear  with  our  ears,  it  may  seem  almost  academic  to 
attempt  to  determine  the  means  by  which  they  become  aware  of  the  disturbances. 
But  this  is  hardly  the  case,  since  the  threshold  of  response  is  clearly  dependent  on 
both  the  character  of  the  disturbance  and  the  agency  of  transmission  available, 
and  it  may  be  of  some  practical  value  to  understand  these  in  order  to  know  tlie 
best  means  of  frightening  snakes  away.  The  piping  of  a  flute  is  not  apparent  to  a 
snake,  but  on  the  other  hand  the  tramp  of  a  Iiorsc  is  probably  sensed  by  a  rattler 
long  befoie  it  would  be  hcaid  by  a  man.  luilcss  ac conipanietl  In  the  i)reaking  of 
twigs,  l  euneiit  (IHtiO,  \()1.  1,  p.  196)  and  Fitzsiufons  ami  l  it/sim(jns  (1932.  |).  37) 
tell  of  the  practices  of  various  Asiatic  and  African  i>eoples,  in  using  a  stick  with  a 
loose  metal  ring  to  warn  snakes  away,  if  they  walk  abroad  in  the  night.  DeWet 
(1929,  p.  1036)  says  the  Hindus  wear  sandals  that  make  a  creaking  sound  and  also 
beat  the  ground  with  sticks.  One  would  presume  that  thumping  the  ground  with 
a  heavy  stick  woidd  be  most  effective,  and  the  tinkling  ring  a  useless  ornament.  Kin- 
caid(1931,  ]>.  (Mr,  Town e  and  Wentworth,  1946,  p.  258)  tells  of  a  custom  of  Mexican 
shecpherders  who  sluiflle  their  feet  because  they  belie\c  rattlers  won't  strike  a 
moving  objed,  which,  of  course,  is  not  true.  Hut  loot  shuliling  might  be  of  some 
utility  in  alerting  a  rattlesnake  tiirough  ground  \ibrations,  caii.sing  it  to  rattle. 

Certainly  a  knowledge  of  the  kinds  of  disturbances  most  readily  sensed  by  snakes 
would  tie  distinctly  advantageous  to  anyone  seeking  to  scare  them  ^ut  of  his  path, 
or  to  make  them  rattle  so  they  might  lie  avoided. 
The  fact  that  snakes  have  no  external  ears  troubled  the  old-time  naturalists, 

who  could  not  conceive  of  their  being  deaf,  at  least  to  ordinary  air-borne  sounds. 
Charas  (H>70,  p.  14)  and  Goldsmith  M771.  vol.  7,  p.  H)7)  thought  the  nostrils  sei  vcd 
as  ears  as  well.  7'he  so-called  charming  of  snakes  by  music,  practiced  by  sidewalk 
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entertainers  in  the  Orient,  has  long  Ijeen  assumed  to  indicate  their  sensitivity  to 
sound.  Snakf  channing  is  a  very  ancient  j)racticc  ( (crcnuah  \  iii:  17)  and  it  is  only 
natural  that  this  supposed  method  ol  rendering  them  harmless  by  the  soothing 
sounds  of  sweet  music  should  have  been  extended  to  rattlesnakes  upon  their  dis- 
covery in  the  New  World.  Said  "Phil.  Harmonicus"  in  1741  (p.  200)  "I  have  been 
credibly  informed  by  a  Person  who  has  actually  made  the  Experiment  in  America 
that  the  most  venomous  Rattle  Snake  will  be  overcome  &  intoxicated  as  it  were 
by  soft  Music,  as  to  stretch  itself  at  full  Length  upon  the  Ground  and  continue  in 
all  Appearance  ^vithout  Life  or  Motifm."  This  idea  was  repeated  by  Carver  !'177B, 
p.  -m)  and  by  Chateaubriand  (ISL'H.  vol.  2,  p.  163;  1856,  ]).  ll'V.  sec  also  Martin, 
1851,  p.  238:  Figuier.  lS(i9,  p.  H5;  Lewis,  187-1,  p.  260;  and  McDoimcIl,  1()50,  p.  330). 
Madame  Calderon  de  la  Barca  (1813,  p.  431)  reported  lli.ii  the  natives  along  the 
Mexican  coast  at  Tampico  could  make  rattlers  come  by  calling  them. 

The  question  whether  the  snakes  used  by  the  Oriental  entertainers  in  their 
"snake-charming"  acts  are  really  affected  by  the  music  has  produced  an  extensive 
literature  wiili  a  growing  skepticism.  Leighton  (1892,  p.  735)  stated  that  snakes 
in  the  London  Zoo  readcd  to  violin  music,  noting  changes  in  notes  and  tempo. 
Pike  (1898,  j).  38)  thought  snakes  were  fond  of  nuisic,  allh<jugh  admitting  that  it 
coidd  be  seusetl  oulv  through  \  ibraii()us  of  the  sul)stiaHuu.  Mac  lu  (1951,  ]).  81^ 
revives  the  beliel  in  the  liearing  powers  of  snakes,  particularly  cobras,  yet  adduces 
hearsay  rather  than  tests  to  substantiate  the  claim.  But,  as  has  been  shown  by 
O'Reilly  (1894,  p.  70)  and  Wall  (1921,  p.  467),  the  cobras'  response  to  the  piping 
reed  of  the  snake  charmer  is  entirely  a  visual  one;  it  seems  to  be  swaying  back  and 
forth  in  time  with  the  music,  but  in  reality  it  is  onl\  following  the  movements  of 
the  pipe  and  piper.  The  cobra  is  the  common  terpsi(  hoi  ean  participant  in  all  such 
shows  because  its  erect  posture  and  wide-spread  hood  render  its  weaving  attention 

to  the  pipei  so  si  liking. 

Doubt  as  to  the  ellecliveness  of  nuisic  in  pacifying  or  chaiuiiug  snakes  is  not 
particularly  new,  nor  is  the  belief  that  snakes  are  deaf  in  any  way  novel.  "They 
are  like  the  deaf  adder  that  stop]K-th  her  ear"  Psalms  Iviii:  4.  Damiri,  the  Arabian 
encyclopedist  of  the  fourteenth  century,  said  it  was  an  Arab  belief  that  vipers  are 
deaf  (Jayakar,  1906-8.  vol.  1 .  p.  632).  This  doubt  as  to  the  hearing  ability  of  snakes, 
although  now  extended  to  all  forms,  may  have  been  first  attributed  to  some  of 
the  lethargic  vifjors  of  tlie  Near  East.  Corkill  (1932a,  p.  606)  states  that  tlie 
Le\anline  viper  (J'/ftrra  lebrtina)  ads  as  if  pcuuliailv  deal  and  blind. 

Brooking  (1931,  p.  95)  reported  that  C.feat  liasin  lalllers,  far  from  being 
frightened  by  the  noise  and  vibration  of  an  air-compressor  in  a  building,  seemed 
to  be  attracted  to  it.  It  is  to  be  presumed  that  they  were  seeking  warmth  or  a  refuge 
rather  than  noise. 

To  conclude:  Rattlesnakes  are  deaf  to  the  direct  impingement  of  air-borne 
sounds,  but  are  highly  sensitive  to  vibrations  of  the  ground  or  platform  on  which 
thc\  are  lying.  If  the  latter  vibrates  in  response  to  air-borne  vibrations,  the  rattler 
will  sense  the  disturbance. 

The  Tongue  and  Sense  of  Smeij. 

As  one  approaches  a  snake  in  the  wild,  the  first  evidence  that  the  presence  of  an 
intruder  has  been  recognized  is  likely  to  be  given  by  the  tongue.  The  eyes  are 
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without  the  possibility  of  expression  or  winking;  there  are  no  ears  to  coc^  forward. 
Instinctively  endea\  oring  to  remain  undiscovered  through  its  blending  coloration, 
the  snake  will  seldom  move  until  it  seems  to  detect  that  it  has  been  noticed  by 
the  trespasser.  And  so  the  flicking  tongue  is  the  only  outward  sign  that  the  snake 
has  noted  something  amiss.  Cilearly  the  tonmie  is  being  employed  in  some  way  to 
investigate  the  stranger;  to  give  some  indication  ol  liis  character  and  intentions. 
Until  quite  recently,  the  nature  of  the  impression  conveyed  by  the  tongue  and  the 
course  of  its  transmission  to  the  snake's  consciousness  were  unknown.  Now  the 
tongue  is  believed  to  be  an  adjunct  of  the  sense  of  smell,  although  not  the  sole 
vehicle  of  that  sense. 

From  the  earliest  days,  the  snake's  delicate,  bifid  tongue  has  l)ecn  a  fruitful 
source  of  superstition  and  folklore.  Aristftiie  believed  (Pe(k,  VXM ,  pp.  203,  395) 
that  the  tij)s  of  serjn  iits'  tongues  were  double  in  ordc  i  tliat  the  snake  nu'glit  "ct  a 
double  pleasure  Irom  what  it  tastes.  It  was  a  myth  ol  the  ancient  Greeks  that 
Cassatuira  and  other  prophets  secured  their  powers  of  divination  througli  iiaving 
their  cars  cleaned  by  the  tongues  of  serpents;  and  one  Roman  cure  for  ulcers  was 
to  have  them  lidced  by  the  tongues  of  sacred  serpents  (Jayne,  1925,  pp.  222,  411; 
Dawson  19S5,  p.  64).  Fraser  (1936-37,  p.  82),  noting  that  snakes  used  their  tongues 
only  when  active,  thought  it  might  be  to  facilitate  cooling  by  evaporation,  in  the 
manner  of  a  d<^;  this  woidd  be  virtually  ineffective,  as  discussed  elsewhere,  be- 
cause of  the  minute  surface  of  a  snake's  tongue. 

l\\o  mythical  purposes  of  the  tongue  ha\e  been  especially  j)eisistt  nt,  notwith- 
standiiit;  the  fact  that  it  is  ol)\  iously  unfitted  for  eitlu  r,  and  that  both  can  be  dis- 
proved by  a  most  superficial  investigation.  I  he  fust  is  that  the  tongue  is  used  to 
lick  the  ])rcy  before  swallowing.  No  shape  of  tongue  could  be  more  ill  suited  to 
such  a  pur[)08e  than  the  delicate,  almost  thread-like  tongue  of  the  smaller  snakes; 
yet  the  myth  that  snakes  cover  their  prey  with  saliva  to  facilitate  swallowing  has 
persisted  from  ancient  times  down  to  the  present  day.  I  have  discussed  this  belief 
elsewhere  (pp.  657  and  1256). 

The  other  myth — that  the  tongue  of  a  snake  is  a  stinger,  the  sourre  of  the 
danger  in  \enomous  snakes,  is  e\en  more  fantastic,  yet  just  as  indelible.  It  is  a 
\c'ry  ancient  idea — as  evident  from  Hiljlical  and  .Shakespearean  quotations,  liut 
the  most  surprising  thing  is  that  this  is  one  of  the  most  frequently  heard  beliefs 
today,  as  can  be  verified  if  one  listens  to  comments  by  the  visitors  to  the  reptile 
house  at  any  zoo.  Let  any  snake  protrude  its  tongue  and  someone  is  sure  to  ex- 
claim, "Look  at  it  stick  out  its  fangs!",  or  "Did  you  see  its  stinger?" 

Slightly  more  plausible  purposes  of  the  tongue  have  been  suggested,  and  have 
been  a  som  ce  of  argument  for  many  years.  Scverinus  (1651,  p.  25 1)  cjuoted  Hotlierna 
as  believing  that  the  tf)n{^iic  served  the  purpose  of  keeping  the  animal's  nose  clean. 
Clharas  (it)7(),  ]).  11)  ihouL^lii  tiie  tongue  miglu  be  used  to  caicli  sm.ill  matuics; 
1  yson  (1G83,  p.  11;  agreed  that  flies  might  be  caught  in  this  way.  Indeed,  Clayton 
(1693,  p.  135)  watched  a  black  snake  ''with  wonderful  nimbleness"  catch  insects  or 
flies  between  the  forks  of  its  tongue:  and  two  of  my  own  correspondents  daimed 
to  have  seen  rattlesnakes  do  this,  a  quite  impossible  trick.  Allied  to  this  is  the 
idea  that  the  tongue  may  be  employed  as  a  dea>y,  to  attract  insects,  or  even  birds, 
to  their  destruction.  Gossc  (1850,  p.  151)  repeated  the  statement  that  the  tongue 
might  be  used  to  lap  up  fluids,  although  he  seemed  not  to  believe  this  himself. 
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I  li;i\c  never  seen  rattlcsnalces  use  ihc  i<)nq;tie  when  diiiiking,  even  when  sucking 
drops  of  walci  lioin  sonic  solid  object  a  stone,  loi  example  as  lliey  sometimes 
do.  liuckland  (IHr)i>,  p.  257)  ihought  the  toiiMui-  lo  \)v  toiucmi'd  with  the  (unction 
of  voice — ^with  hissing.  Such  is  not  the  case,  although  iatller!>,  like  other  snakes, 
can  and  do  hiss,  with  or  without  rhe  simultaneous  protrusion  of  the  tongue. 
Ruskin  (1875,  p.  185)  evidently  was  so  disturbed  by  the  conflicting  and  fantastic 
theories  that  he  concluded  the  busy  tongue  had  no  purpose  whatever,  which  may 
well  be  cr)nsideied  the  most  fantastic  conthision  of  all.  Hudson  (1893,  p.  198) 
exjjrcssed  a  dual  theory  as  to  the  puj  j)ose  of  the  tongue:  I'pon  the  part  of  a  resting 
snake  he  thought  it  a  warning  de\i(c  (p.  'HVI);  wheieas,  in  the  (ase  of  a  prowling 
snake,  lu'  thoii<^ht  the  piey  would  have  its  attention  so  i one enti  ali d  on  the  mo\e- 
nienis  of  the  tongue — a  sort  ol  jnesuicrisni — that  it  would  fail  to  notice  the  gradual 
approach  of  the  snake  itself,  until  too  late  to  escape. 

In  contrast  with  these  supposed  physical  uses,  it  was  natural  that  some  type  of 
sense  reaction  should  be  attributed  to  the  tongue,  since  anyone  watching  an  ex- 
ploring snake  would  be  convinced  that  the  flicking  tongue  must  surely  be  con\  eying 
to  the  creature  some  impression  of  its  surroundings.  Lac^p^de  (1788-89,  vol.  2,  p. 
30:  Kerj-,  1802,  \()1.  p.  30")  thought  it  an  organ  of  taste,  and  main  others  have 
made  the  same  naiuial  assumption.  l\ui  i'a\ne  (101.'),  p.  ,511)  states  that  there  are 
no  taste  buds  in  a  snakes  tongue,  flellmaini  (1H17,  p.  7).  after  one  of  the  most 
complete  investigations  up  to  that  date,  decided  it  was  used  as  a  feeler — tliat  is, 
an  oi^n  of  touch.  This  interpretation  has  been  concurred  in  by  many  later 
herpetologists,  some,  of  the  greatest  prominence  (e.g.,  Schlegel,  1837,  vol.  1,  p.  39; 
Traill's  translation.  1843,  p.  52;  Dum^ril  and  Bibron,  1844.  vol.  6,  p.  100;  Dixon, 
1902,  p.  992:  Boulenger,  1913,  p.  71).  This  was  also  ^^iss  IIo])ley's  conclusion 
(1882.  p.  124),  after  her  interesting  historical  survey  of  the  iluoi  ies  that  liad  been 
then  proj)osed.  Occasionally  it  has  l)een  suggested  that  the  tont^ue  is  used  for 
sensini;  ait  \il)iaiions,  that  is,  an  equivalence  to  an  organ  of  hearing  (King,  1941, 
p.  j2;  lieck,  1952,  p.  141). 

All  of  these  theories  of  the  purpose  of  the  tongue  have  lately  been  displaced,  at 
least  in  lai^e  part,  by  the  proof,  through  extensive  experiments,  that  the  tongue  is 
an  accessory  to  the  sense  of  smell,  in  that  it  serves  as  a  conveyor  of  external  material 
particles  to  two  pits  known  as  Jacobson's  organs  in  the  roof  of  tlie  mouth.  These, 
in  timi.  conxcy  to  the  brain  the  sensations  resulting  from  the  character  of  the 
particles.  As  the  sensation-affecting  jKirticles  are  more  often  seemed  diredh  frotn 
the  air  than  from  coiUact  of  the  ton<;ue  with  niateiial  olijt  ets,  it  is  piobable  that 
the  tongue  should  be  considered  an  accessory  to  the  sense  ol  snuU  lather  than 
taste.  However,  Jacobson  s  organs  are  not  the  sole  source  of  the  snake  s  olfactory 
knowledge,  for  it  can  likewise  detect  odors  through  the  nose  and  the  more  normal 
organs  of  scent. 

The  new  theory  of  the  tongue's  use  served  to  solve  another  problem  as  well,  for 
jacobson's  organs  had  also  been  a  puzzle.  Roulc  nger  (1913,  p.  73)  considered  them 
to  be  probablv  olfac  toi  v  in  purpose,  but  thought  them  o])eiative  only  dui  ing  feed- 
ing. Eventualb  the  (juestions  as  to  the  purpose  of  both  the  tongue  and  facobson's 
orgatrs.  as  lai  as  sii.tkis  aic  coiuenied.  were  solved  bv  lirom.in  (1020),  H:iumaini 
(1929),  and  kalunaiui  (10152,  1934),  who  proved  the  existence  of  a  coojjerative 
relationship  involving  a  combined  function.  For  the  tongue  serves  to  pick  up 
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particles  or  odors  in  the  aii ;  these  are  then  carried  into  the  mouth,  the  tips  of  the 
tongue  are  introduced  into  the  corresponding  pits  of  the  paired  Jacobson's  organs, 
which  ill  turn  serve  to  assay  the  impression  thereby  received.  Raum:nin  showed 
that  European  vipers  ioUow  \ha\\  lenialej.  .uid  prey  by  this  type  ol  cheiiioreeeption, 
and  Kahiiiann  (1932)  reached  the  same  conclusion  regarding  the  K.urojjean  grass 
snake  {Kalrix  natrix).  1  he  external  impressions  may  be  conveyed  cither  in  tlic 
form  of  material  particles  that  adhere  to  the  tongue  or  as  gases  or  vapors  dis- 
solved in  saliva.  Further  investigations  of  this  mechanism,  and  its  usefulness  com- 
pared to  other  organs,  both  in  snakes  and  lizards,  have  been  made  by  Noble  and 
Clausen  (1936,  p.  271),  Noble  and  Kumpf  (1936,  p.  371).  Noble  (19S7,  p.  673).  and 
Bellairs  (1942,  p.  167).  The  general  conclusion  has  been  that  the  tongue-Jacobson's 
organs  combination  comprises  an  important  ollacton'  unit,  in  many  species  of 
snakes  aiul  some  li/ards,  both  with  respect  to  the  pursuit  of  y^rey  and  oi  mates, 
although  it  is  not  the  sole  olfactory  source  in  any  case,  nor  the  most  important  in 
many.  Wilde  (1938,  p.  4-13),  working  with  garter  snakes  (Thamnupliis),  sliowed 
that  the  tongue-Jacobson's  organs  combination  was  im]X>rtant  in  the  feeding 
reaction  of  the  species  tested.  However,  an  actual  contact  of  the  tongue  or  lips 
with  the  prey  was  necessary  to  stimulate  the  snake  to  strike.  Bellairs  (1942,  p.  167) 
stated  that  Jacobson's  organs  reach  their  maximum  development  in  snakes. 

It  has  long  been  known  that  snakes  ha\e  olfactory  bulbs,  ollacton,'  nerves,  and 
therefore  a  sense  of  smell  quite  apart  from  the  newly  interpreted  tongue- Jacol)son's 
organs  ( ombination.  'f'he  tests  that  have  been  nKntiniicd  as  c\cmuall\  sohing 
the  purpose  of  Jacobson's  organs  necessitated  blot  king  the  response  of  the  olfactory 
bulbs.  Crosby  and  Humphrey  (1939,  p.  95)  ha\e  ]X)inted  out  the  close  relation- 
ship of  these  two  seats  of  olfactory  stimulation,  there  being  two  pairs  of  olfactory 
nerves,  one,  the  main  olfactory,  the  other  the  vomeronasal  connecting  with 
Jacobson's  organs.  They  found  the  accessory  olfactory  formation  (Jacobson's) 
highly  de\elo|>ed  in  both  copperhead  and  moccasin,  from  which  we  may  assume 
that  rattlesnakes  arc  similarly  equippetl. 

Observations  of  rattlers  in  the  field,  as  well  as  these  tbcoi ct i( al  < onsiderations, 
indicate  that  rattlesnakes  ha\e  a  keen  sense  of  siiicll.  As  f  have  (list  ussed  elsewhere, 
they  have  been  obser\ed  trailing  their  prey,  and  they  seem  able  to  determine  Ijy 
scent  whether  a  mammal  burrow  is  occupied.  As  is  the  case  with  other  venomous 
snakes,  it  is  their  custom  to  strike  their  prey,  withdraw  to  avoid  any  chance  of 
retaliation,  and  then  methodically  to  seek  out  the  animal,  which  has  usually  run 
a  short  distance  before  dying,  by  following  its  scent. 

Mosauer  (1935c,  p.  S3)  believed  that  the  sidewinder  hunts  its  j)iey  1)\  usinn  the 
tongue-Jacobson's  organs  medianism.  Cowles  (1938,  p.  13),  who  fust  dcsd  ibed  the 
body-blow  defensive  mechanism  by  which  rattlers  delend  themsehcs  against  king 
.snakes  and  j>iiiiilar  enemies  ^sec  p.  1102),  tucind  that  skunk  odoi  piotlnccU  tlif  .same 

reaction.  Bogert  (1911b,  p.  331;  Stebbins,  1954,  p.  335)  demonstrated  that  this 
defense  pattern  in  rattlesnakes  is  initiated  by  odor  emanating  from  the  dorsal  sur- 
faces of  king  snakes  and  other  species  that  are  at  least  in  part  snake  eaters,  and 
that  the  rattlesnake  becomes  aware  of  the  danger  via  the  tongue-Jacobson's  organs 

route.  Stebbins  (1943,  p.  128)  reported  a  field  observation  in  which  a  sidewinder 
evidently  sensed  his  ]>resence  by  odor,  when  the  snake  reached  a  point  directly  to 
leeward  of  the  obserxer. 
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C.  B.  Perkins  makes  iliis  interesting  comment  on  the  use  oL  the  tongue  and  sense 

of  smell  by  captive  lalilt  snakes: 

WliL-n  a  taye  door  is  opened,  a  raitlci  will  a-ssumc  thai  ii  is  lime  lo  cai,  and,  if  il  happcm 
(u  be  the  time  to  clean  cages  instead,  it  might  strike  the  shovel  used  for  cleaning  and  hurt 
its  mouth.  If  the  shovel  is  moved  very  slowly  dose  to  the  head  uf  the  snake,  to  give  it  a 
(liaiuc  to  find  out  what  i<  ?i<'inp;  to  h:ipprii,  the  latllir  will  test  the  shovel  with  its  tongue, 
and  then  cuil  up  in  a  coi  nci  and  pay  no  iurilier  atlenlton  to  tlic  (leaning. 

Superficially,  the  rattler's  tongue  does  not  seem  to  iliffer  irom  tliat  of  toliibrid 
and  other  snakes.  The  base  comprises  t^vo  parallel,  roii joined  c)liiulcrs,  distally 
branc  liing  into  scpaiaie  pointed  lips.  11k  tips  ate  ><»  thin  ami  de  licate  that  they 
can  hardly  be  Iclt  when  flicked  against  the  liand.  Rattlesnake  tongues  are  black 
at  the  outer  end  and  flesh-colored  inwardly.  It  is  quite  easy  to  stimulate  a  rattler  to 
extrude  the  tongue  by  the  slightest  disturbance,  or  by  introdudi^  some  odorous 
substance  into  its  cage.  The  mouth  is  opened  very  slightly  to  permit  the  ^;ress  of 
the  tongue,  which  is  facilitated  by  a  notch  in  the  rostral  scale. 

A  man's  reaction,  or  that  of  other  mammals,  indicates  that  lie  usually  I)ecomes 
conscious  of  a  new  odor  in  the  comse  of  normal  breathing,  following  ^vhich  he 
sniffs  ra])i(IIv  tf)  gain  a  Ix  iter  sense  of  the  stinuihis.  lint  snakes  btcjthc  tmich  less 
fietjui  iuK  than  mammals,  the  ra])icliLy  (Icpemling,  not  only  on  boclih  :u  li\  ily,  Init 
on  temperature  as  well.  Their  reaction  to  a  new  odor  never  results  in  sniiimg,  but  on 
the  contrary  is  followed  by  a  rapid  flidting  of  the  tongue.  It  may  be  that  the  inability 
of  a  snake's  normal  breathing  to  keep  the  olfactory  bulbs  in  contact  with  the  in- 
frequently inspired  air,  has  led  to  the  development  of  the  easily  controlled  tongue- 
Jacobson's  organs  parallel  mechanism. 

We  may  conclude  that  the  rattlesnake's  olfactory  sense,  being  innervated  by  way 
of  two  se])ai;ite  nnd  somcwhnt  independent  i)aths,  is  (jiiite  acute,  sujjcrior,  in  fact, 
in  impoi  t.uK  e  to  i  \  otiier  >ensc,  except  possibly  sight,  with  respect  to  the  pri- 
mary objectives  ot  food,  mates,  and  protection  from  enennes. 

Wc  may  in(]in're  whether,  of  the  various  theories  of  the  piupose  of  the  tongue 
that  have  bcc n  pi  up  isc d,  any  remain  valid,  now  that  its  connection  with  Jacobson's 
organs  and  olfaction  have  been  demonstrated.  There  are,  I  think,  possibly  two. 
The  first  is  as  a  feeler.  Whetlier  a  snake  touches  the  objects  it  is  investigating  solely 
to  secure  particles  for  transmission  to  Jat  obson's  organs,  or  whether  it  tests  the 
object  in  any  way  by  tourli  mav  be  a  subjed  of  some  doubt.  1  rather  think  the 
touch  itself  is  of  little  piiipose  beyond  the  jK)ssibilit\  of  se(  lu  ing  partides  for 
examination.  One  frecjuently  sees  an  exploring  snake  with  llicking  tongue,  making 
no  effort  to  touch  anything,  the  air  borne  particles  being  sulhcient  for  its  purpose. 

But  as  to  one  other  pm  pose,  that  of  an  action  calculated  to  alarm  an  enemy, 
a  much  better  argument  can  be  advanced,  with  a  particular  applicability  to  rattle- 
snakes. The  extent  to  whidi  it  is  evident  among  other  crotalids  I  have  not  inves- 
tigarcd.  A  rattlesnake  that  has  been  alerted  by  some  movement,  odor,  or  tremor 
of  the  ground,  responds  by  flicking  its  tongue  in  and  out  repeatedly  and  rapidly. 
While  the  tongue  is  out  it  ^vill  be  seen  to  ])ass  quickly  thioitgh  a  (  onsitU  table 
\erti(al  ait  .  If  the  snake  be  ruiihei  alarmed,  it  then  thiows  itself  into  its  stiikiiig 
coil;  its  mien  (hangcs  ((nnpletely,  for  now  it  tineatens  by  lattimg  and  hissing, 
while  the  head  is  drawn  back  like  a  poised  javelin.  .\nd  simultaneously  the  use  of 
the  tongue  changes.  There  are  now  much  longer  intervals  during  which  the  tongue 
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is  extruded  to  its  limit  and  much  slioi  tcr  iiuci  \  als  of  withdrawal.  Not  only  is  the 
outward  extension  greater  than  when  bent  solely  on  investigation,  but  the  quiver- 
ing lips  arc  moi  e  widch  scjjarated,  and  the  tongue  is  fu  st  pointed  \  ei  tically  down- 
^^•ard  and  then  erecied  \ei  titally  with  consider;il)lc  s  in  c.k  h  ])()siti()n  (lig.  7:2). 

Sonieiinies  it  will  (  hange  lioin  one  to  the  oihc  i  ol  tlu  si  opposite  positions  several 
times  before  withdrawal.  Oiten  the  extrusion  is  so  great  that  the  tongue  cannot 
be  held  exactly  erect  but  falls  off  slightly  to  one  side.  But  it  does  not  seem  possible 
that  this  handling  of  the  tongue  can  apprise  a  snake  of  the  nature  of  an  intruder 
any  better,  if  indeed  as  well,  as  the  more  rapid  flicking.  That  it  adds  to  the  snake's 
pugnacious  appearance  there  can  be  no  doubt,  and  I  am  therefore  of  the  opinion 
that  it  is  a  part  of  the  threatening  posture  designed  to  frighten  an  enemy.  It  cer- 
tainly does  add  to  the  spine-tingling  picture. 

The  Facial  Prrs 

The  pit  vipers  comprise  a  family  of  venomous  snakes,  the  Crotalidae — ^by  some 
herpetologists  considered  a  subfamily,  the  Crotalinae — characterixed  by,  and  called 
pit  vipers  because  of  the  presence  of  a  deep  pit,  or  facial  opening,  on  each  side  of 
the  head.*^  In  the  rattlesnakes,  the  pit  lies  somewhat  below  a  line  from  the  nostril 
to  the  eye  and  slightly  nearer  tiie  former  (figs.  2:68  and  2:69).  It  is  larger  and  more 
conspicuous  than  the  nostril.  l>eransc  of  its  location  in  the  jiosition  occupied  l)v 
tlie  loreal  scale  in  snakes  without  jjits,  the  organ  is  olten  referred  to  as  the  lorcal 
pit.  It  is  cMrriKilh  (piite  ev  ident  as  an  ojiening  neatly  lined  with  scales,  and  with 
its  axis  poiiuiug  forward,  ratiier  than  perpendicular  to  the  surface  of  the  head. 
The  fundamental  importance  of  the  pit  (including  a  cavity  in  the  maxillary  bone 
to  accommodate  it),  both  as  an  organ  and  as  an  indicator  of  relationships,  has  long 
been  appreciated,  as  is  shown  by  the  use  of  its  presence  or  absence  to  distinguish 
two  widespread  groups  of  snakes  that  otherwise  bear  such  obvious  siruciiu  al  simi- 
larities as  do  the  Viperidae  and  Crotalidae.  The  Viperidae — the  })itless  vipers — 
are  found  onlv  in  the  Old  \Vorld,  in  F.inope,  Xsia.  and  Africa:  wheieas  the  Cvo- 
talidae  range  throughout  most  of  Asia  (with  a  single  species  entering  southeastern 
European  Russia)  and  also  throughout  nnuh  of  North  and  Souili  America.  Repre- 
sentatives of  both  families  occur  in  the  Indo-Australian  Archipelago,  but  not  in 
Australia  itself.  The  rattlesnakes,  occurring  only  in  the  Americas,  comprise  one 
subdivision  of  the  pit  vipers. 

Since  the  earliest  days  there  have  been  many  theories  as  to  the  purpose  of  the 
pits.  Their  location  on  tlie  sides  of  the  head  naturally  led  to  the  supposition  t1iat 
they  comprise  some  kind  of  a  sense  organ.  Tyson  (1()83,  pp.  26,  51,  57)  thought 
possibly  llu  v  ^vere  ears,  although  the  lack  of  an  inner  opening  led  him  to  question 
this  conclusion.  He  lecogni/ed  the  fact  that  European  vipers  are  v\ithout  these 
organs.  Lawson  (1701),  p.  129)  believed  llicin  to  bt;  txtia  nosiiils,  a  .siipposilion 

repeated  by  Brickell  (1737,  p.  145)  and  retained,  by  implication,  in  Latin  America, 
where  the  name  cuatro  nances  (four  nostrils)  is  still  widely  used  for  pit  vipers. 
Clavigero  (1987,  p.  389,  but  writing  in  1789)  thought  the  pits  were  ears,  as  did 

Laccpede  (1788-89,  vol.  2.  p.  122;  Kerr,  1802,  vol.  .8,  p.  ."^IHV  when  he  noted  them 
in  tlic  fer-dc-lance.  Home  (1801,  p.  72:  see  also  Rirssell,  1801.  \).  70),  from  a  carefid 
anatomical  examinati<»n.  concluded  that  the  organs  could  not  be  ears;  he  reached 

Hij^ins  (1873,  p.  88)  is  die  only  author  known  to  inc  who  misunderstood  the  meaning  of  the 
term;  he  stated  that  pit  vipers  received  the  name  through  their  frequenting  pits  or  caves. 
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no  final  conclusion  ;is  to  tlu  ir  j)ui  pose,  but  tliou^lit  tlu'v  nnglit  he  .inalogous  to 
the  icai  sa(s  ol  (cit  lin  ruminants,  serving  to  uasli  the  cornea.  Desnioulins  (1824, 
p.  201),  wluj  uuide  one  of  the  most  thorough  early  investigations  ol  the  pit  struc- 
ture, thought  they  were  olfactory  in  purpose.  Harlan  (1835,  p.  501)  believed  they 
might  serve  to  bring  air  into  contact  with  the  venom,  thus  affecting  its  chemical 
properties.  Schlegel  (1837,  vol.  1,  p.  57;  Traill's  translation,  1843,  p.  67)  thought 
them  accessory  to  the  nose,  that  is,  an  organ  of  smell.  R.  Owen  (1866,  p.  555)  re- 
ferred to  them  as  secretory  follicles  having  an  unstated  purpose.  Lcydig  (1868, 
p.  8f):  1872.  p.  :{17;  see  also  llolfmann.  1891.  vol.  ?>,  p.  1  llOt  considered  thcni  the 
organs  of  a  sixth  sense,  unsi)ecilie(l  in  (  haiadcr.  West  (1900,  p.  19)  thought  them 
possii)ly  similar  in  function  to  tlu  laleral-Une  sense  (jigans  ol  fishes,  which  detect 
pressuie  \ariations  in  the  uatei,  and,  through  reflected  \va\es,  the  presence  of 
near-by  objects.  Chabanaud  (1924,  p.  453)  considered  them  as  being  tactile  in 
function. 

Lynn  (1931,  p.  97)  made  a  very  careful  and  complete  anatomical  investigation 
of  the  pit  and  its  accessory  nerves.  He  concluded  that,  as  the  pit  has  no  direct 

connection  with  any  other  organ  of  the  head,  either  by  means  of  a  duel  or  otlicr 
opening,  it  can  l)e  neither  a  nasal  opening  Ic-ading  to  the  olfacloiv  orgati,  nor 
an  auditoiy  opening  (oniudcd  with  the  ear  (p.  12!i.  He  also  (lispro\ed  an\  secie- 
lory  fmution  (p.  125).  i  rom  the  sliutlure  of  llie  pit  he  concluded  tliat  it  should 
respond  to  a  certain  type  of  tactile  stimulus,  namely,  air  vibrations  (p.  1 33). 

Noble,  who,  with  Arthur  Schmidt,  eventually  supplied  the  currently  accepted 
theory  of  the  pit,  first  announced  in  1930  (p.  477)  that  the  pit  responded  to  air 
disturbances  produced  by  a  passing  enemy  or  prey,  serving  both  to  arouse  the 
snake  and  to  enable  It  to  strike  with  greater  accmacy.  This  theory  was  elaborated 
in  a  paper  read  in  1931,  oidy  a  sinnmarv  of  which  was  ever  publislied  (Noble, 
IlKM,  p.  1).  Mnallv,  Noble  and  S(liiiiiclt  i  I!*.')7,  p.  2ti.'Vi  annoinicecl  the  theory  that 
tlie  pit  is  a  teniperature-dilleiential  iece|)tor.  by  wliicli  the  snake  is  enabled  to 
determine  the  direction  of  objects  having  higher  temperatures  than  their  sur- 
roundings, of  which  a  warm-blooded  creature  such  as  a  bird  or  mammal  would 
be  a  good  example.  Thus  the  pit  aids  both  in  locating  prey  and  striking  it.  Noble 
and  Schmidt  pro\ed  this  theory  by  experiments  with  snakes  having  all  other 
senses  destroyed  or  blocked  ofl.  For  targets  they  used  incandescent  lamps  covered 
with  black  j)aper,  wheiei)\  the  heat  could  be  readily  coiUiolled.  I  lu  v  lound  that 
snakes,  with  oidv  tlu  pits  a\ailable  as  sense  oig.nis,  weie  able  to,  and  would,  strike 
cpiite  acduatelv  at  the  covered  lamps  while  heated,  but  lost  their  ability  to  detect 
them  when  they  tooled.  They  found  the  snakes  able  to  locate  a  moving,  healed 
lamp  at  a  distance  such  that  it  produced  a  temperature  only  0.2"  C.  (0.36^  F.)  above 
the  surrounding  air  at  the  pit  (see  also  Ruth  C.  Noble,  1945,  p.  6).  With  objects 
having  a  surface  temperature  of  69°  C.  (156.2°  F.).  with  a  room  temperature  of 
26.4°  C.  (70.5°  F.),  Noble  and  Schmidt  determined  the  recognition  distance  to  be 
abotit  250  nnn.  (10  in.).  The  maxinnnii  recognition  distance  was  .'550  nun.  (1.*').8  in.). 
But  this  was  with  an  objec  t  ha\ing  a  sui  facc  tenipcialurc  higher  than  iliat  of  any 
prc'v.  From  these  expeiimeuis.  it  a])peaiecl  that  the  ihei  uiore(c-|)li\c'  luiution  of 
the  j>it  is  essentially  of  short-range  value,  li  shoidd  have  a  somewhat  greater  range 
at  lower  air  temperatures  than  higher,  since  the  detectable  temperature  differential 
produced  by  the  warm-blooded  prey  would  be  experienced  at  a  greater  distance. 
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and  should  ihcrcfnrc  be  particularly  useful  at  night.  C.  M.  Bogcrt  has  called  my 
attduion  to  the  fad  iliat  the  strike  was  the  only  recognition  indicator  accepted 
by  \ol)Ic  ami  Scliniidi:  he  beh'evcs  actual  recognition  of  the  warm  object,  as  might 
be  fust  inili(aiccl  l)y  a  IlitkiiiL;  lon^ui',  may  prove  the  pit  to  ha\e  a  ^icater  range 
than  the  i\ol)Ie  Schmiclt  expeiiments  suggest.  Uiis  has,  iiulceci,  been  demonstrated 
by  the  later  experiments  ol  Bullock  and  Cowles  (1932,  p.  541). 

Noble's  original  idea,  that  the  snake  was  able  to  sense  air  movements  by  means 
of  the  pit,  was  not  eliminated  by  the  new  theory;  rather,  this  was  relegated  to  a 
secondary  and  less-important  function.  Bullock  and  Cowles  (p.  542)  subsequently 
concluded  from  their  expci  Iuk  ius  tliat  the  detection  of  air  movements  has  little 
importance  witii  respect  to  the  tunciion  of  the  pit. 

The  \oljk-S(  huiidi  cxjjci  imciits  wcrv  pci  formed,  not  f)n!v  on  pit  vipers,  but 
also  on  several  snak(  s  ol  tlu  hr)a  pytlion  group  that  jiossess  a  series  ol  small  pits  on 
their  lips.  The  tests  showeil  (liese  to  ha\e  the  same  thermorec epti\ (  fuiulions  as 
the  larger  and  more  pronnnent  iacial  or  loreal  pits  ol  the  trotalids;  indeed,  tests 
on  a  python  by  Ros  (19S5,  p.  1)  were  the  first  to  indicate  that  the  ophidian  labial 
pits  might  be  radiation  receptors.  Although  appropriate  experiments  have  not  yet 
been  made,  the  guess  has  been  hazarded  that  certain  small  supranasal  cavities 
found  in  several  genera  of  Old  World  vipers — Bitis,  Pseudocerastrs,  and  Fristo- 
copfiis  may  serve  the  same  purpose.  These  have  been  discussed  by  Houlenger 
(189'!-9(i.  vol.  3,  p.  H):5),  K.  P.  Schmidt  {19,S0,  p.  22«).  Parker  (19:^2,  p.  222),  Noble 
and  .\.  Schnudt  (19.S7.  p.  285).  and  Maholm  Smith  (19!:!.  j).  19). 

The  most  important  recent  work  on  the  iiuKiion  and  mode  ol  operation  of  the 
facial  pit  has  been  that  of  Bullock  and  Cowles  (1952,  p.  541;  sec  also  Everest,  1953, 
p.  125).  Using  curarized  rattlesnakes  of  several  species,  they  cut  one  of  the  three 
nerves  ramifying  into  the  pit  membrane  and  ascertained  the  nerve  responses  to 
\arious  stimuli.  The  tiny  nerve  currents  were  amplified  to  give  clear  quantitative 
indications  ol  tlie  degree  of  stimulation.  The  experimenters  found  no  response  to 
sound,  odors.  vil)raiion  of  the  substr.itum,  touching  the  head  or  j)it,  or  hcat-filtered 
light  (»l  modeiate  intensitv.  .Mechanical  defoi niaiioii  of  the  j>it  diaphragm  by  an 
exterior  instiument,  or  t)y  a  pidf  of  air,  did  produce  a  moderate  effect. 

But  the  nerve  showed  outstanding  sensitivity  to  radiant  heat  impinging  on  the 
diaphragm.  Any  warm  or  cold  object  elicited  a  response,  as,  for  example,  a  human 
hand  at  300  mm.  (11.8  in.),  or  a  glass  of  water  at  a  temperature  PC.  (1.8°  F.) 
above  or  below  that  of  another  glass  placed  to  set  a  neutral  temperature  level  at 
the  pit.  The  neutral  level  was  found  to  depend  on  the  average  radiation  of  all 
objects  in  the  field  of  reception:  this  neutral  level  was  determined  to  be  inde- 
pendent of  the  snake's  own  bod\  temperature. 

Thus  it  was  shown  that  the  pit  serves  to  retogiuVe  the  presence  of  any  object 
that  is  warmer  or  colder  than  its  surroundings  or  liie  other  objects  that  set  the 
temperature  level  in  the  field  of  reception.  This  field  was  determined  to  include 
a  cone  extending  horizontally  from  10°  across  the  midline  to  a  point  approxi- 
mately at  right  angles  to  the  snake's  body;  and  from  45°  above  to  35°  below  the 
horizontal.  These  experiments  prove  that  the  pit  is  a  radiation  receptor  that  can 
alert  rattlesnakes  to  the  presence  and  direction  of  objects  slightly  higher  or  lower 
in  lempei  attire  than  the  general  surroimdings.  and  thiough  its  stereoscopic  nature, 
is  an  important  adjunct  to  securing  prey  and  self-protection. 
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It  is  interesting  to  record  that  R.  W.  Jones,  as  early  as  1892  (p.  277),  obs(  r\cd 
that  a  lighted  match  held  in  fif)nt  of  a  tinihcr  rattlesnake  (C.  h.  hnrridus)  seemed 
to  anger  it  more  than  anything  else.  \o  doubt  it  was  the  pit  rather  than  the  eye 
that  caused  this  reaction.  Kunze  (1879,  p.  311)  observed  that  a  rattlesnake,  partly 
blinded  by  incipient  shedding,  could  strike  a  mouse  as  accurately  as  when  the  eyes 
were  not  dimmed. 

The  earliest  anatomical  investigations  of  the  pit  were  those  of  Tyson  (1683, 
p.  25).  Home  (1804,  p.  72),  Desmoulim  (1824,  p.  264),  and  West  (1900,  p.  49).  Home 

is  to  be  { redited  with  ihi'  discovery  of  an  inner  compartment  in  the  pit;  Desmou- 
lins  Inst  noted  its  heaw  nerve  supply:  and  West  observed  that  the  nerve  termina- 
tions are  concentrated  in  the  diaphragm  between  compartments. 

'I  he  most  complete  descriptions  of  the  pit  structure  are  those  of  Lynn  (1931), 
and  Noble  and  Schmidt  (1937).  The  pit  is  really  dual  (Lynn,  fig.  3,  p.  105),  com* 
prising  an  anterior  section  which  is  the  part  so  clearly  evident  externally;  and, 
hidden  behind  a  separating  diaphragm,  an  inner,  posterior  compartment  of  smaller 
size.  The  latter  is  also  open  to  the  atmosphere,  bnt  only  by  way  of  a  narrow  en- 
trance— virtually  a  pore  -  that  is  hidden  under  tlu;  posterior  bottom  edge  of  the 
lower  preocidar  scale,  the  m  scent-shaiicti  scale  below  the  large  scale  directly  in 
front  of  tlur  eve.  1  he  location  of  tlie  p(»re  was  first  pointed  out  to  me  Ijy  Chailes  E. 
Shaw.  It  is  not  to  be  confused  with  the  large  irregular  cavity  in  front  ol  the  eye: 
it  does  not  open  into  this  cavity  but  is  anterior  to  it.  According  to  Lynn  (1931, 
p.  105)  the  opening  is  surrounded  by  a  sphincter  muscle  whereby  it  may  be  opened 
or  dosed. 

From  this  orifK  c  a  naiTOW  canal  leads  into  the  inner  compartment  of  the  pit, 
serving  to  equalize  the  air  pressure  on  the  two  sides  of  the  diaphragm.  Thus  radiant 
cncrgv  imj)ingcs  oidy  on  one  side  of  the  diaphragm:  and,  as  air  is  adtnitted  to  both 
sides,  luiKf  ecpializing  the  heat  of  conviction,  any  temperatine  dilference  must  be 
the  result  of  radiant  heal  impinging  on  the  outer  face  of  the  membiane. 

Block  (1950,  p.  284)  suggested  that  the  pit  operated  as  a  pneumatic  radiant- 
enetgy  detector  of  the  Golay  type,  functioning  through  deflections  of  the  pit  mem- 
brane or  diaphragm,  but  the  experiments  of  Bullock  and  Cowles  would  seem  to 
disprove  this,  for  they  cut  the  diaphragm  and  foimd  no  resulting  loss  of  response. 

The  celfs  lining  l)oih  the  inner  and  outer  dunnbers  of  the  pit  are  ectodermal  in 
origin;  when  the  snake  dtanges  its  external  skin  the  cavities  can  lie  distinguished 
as  bags  atl;iched  to  tlu-  slud  skin.  1  hi  fact  tluit  the  shed  skin  of  lite  inne  r  cavilv 
can  Ije  withdrawn  through  the  narrow  entiunce  that  seems  haitllv  larger  than  a 
pore,  indicates  that  this  entrance  can  be  dilated  when  necessary. 

According  to  Lynn  (1931,  p.  132)  the  pit  membrane  is  richly  supplied  with  nerves 
derived  from  the  ophthalmic  and  supramaxillary  branches  of  the  fifth  cranial 
nerve,  which  serve  to  transmit  to  the  brain  the  effects  of  the  radiant  energy  im- 
pinging on  the  nerve  termini  located  in  the  diaphragm.  The  nerve  used  by  Bidlock 
and  Ciowlcs  in  their  experiments  (1952,  ji.  .511)  was  the  snpeificial  l)ranfli  of  the 
superior  maxillarv  division  of  the  trigeminal  nerve  I)ianching  fiom  tlie  fifth 
cranial;  this  is  one  of  the  three  nerves  ramifying  in  the  pit  diaphragm.  1  he  inner 
chamber  of  the  pit  is  bedded  in  a  hollow  of  the  maxillary,  a  cavity  characteristic  of 
the  crotalids. 

Ontogenetic  studies  indicate  that  the  pit  was  evolved  by  the  partial  fusion  of 
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two  pits  of  the  same  type  as  the  labial  pits  of  the  present  boids  (Noble  and  Schmidt, 
1937,  p.  283).  But  the  crotaline  type  is  an  improvement  over  the  more  primitive 
boid  form  since,  by  reason  of  the  diaphragm,  nonradiant  effects  may  be  eliminated. 
Noble  and  Schmidt  (1937,  p.  28G)  report  that  crotalids  are  less  mechanical  in 
striking  at  warm  objects  than  the  boids.  They  also  observed  that  the  odor  oi  prey 
caused  tongue  movements,  whereas  a  temperature  differential  brought  on  a  strike. 

The  pit  membrane  is  so  thin  as  to  be  translucent.  It  is  slightly  pigmented  in 
some  of  the  darker  rattlesnakes — the  southern  Pacific  (C.  v.  hellerij,  for  example. 
Whether  the  nerve  termuii  on  the  front  surface  are  darkened,  as  might  be  expected 
in  a  radiation  receptor,  has  not  been  made  clear  by  those  who  have  studied  its 
histology. 

As  one  looks  into  the  ph  of  a  live  rattlesnake  from  the  front,  with  the  membrane 
untlcr  intense  ilhiminaiion,  a  <j,roove  will  be  noted  across  its  lace.  This  i^roove  is 
almost  vertical  but  with  the  lower  end  diverging  outward.  Occasionally,  if  one 
uses  the  groove  as  a  point  of  reference  in  line  with  an  outer  edge  of  the  pit,  some 
movement  in  the  membrane  or  possibly  the  direction  of  the  opening  seems  evi- 
dent. I  am  of  the  opinion  that  there  is  a  movement  produced  by  muscles  that  are 
evident  as  a  swelling  w  hich  begins  at  the  Hp — the  supralabial  scales — and  extends 
upward  to  a  point  behind  the  pit.  This  bulge  seems  more  prominent  in  an  aroused 
snake;  it  may  serve  to  dilate  the  pit  and  even  slightly  to  modify  the  direction  of  its 
axis. 

Touch 

Since  snakes  have  no  tactile  appendages  such  as  legs,  the  sense  of  toudi  is  not  so 
important  to  them  as  it  is  to  many  other  kinds  of  animals.  Yet,  despite  their  being 
sheathed  with  scales  that  mig^t  be  expected  to  dull  their  sensitivity,  they  are 
apparently  responsive  to  the  slightest  external  contact.  I  have  already  mentioned 
their  susceptibility  to  ground  tremors,  allied  as  this  is  to  hearing  (p.  394).  Simi- 
larly, the  tongue  may  (ucasionally  be  used  as  a  tactile  oigan,  although  this  is  not 
its  most  essential  use.  1  he  chin,  also,  may  be  so  employed;  this  is  definitely  the 
case  in  snakes  of  some  genera. 

Dropping  particles  of  sand  on  rattlers  or  brusiiing  them  with  feathers  show 
them  to  be  sensitive  even  to  these  light  contacts:  if  not  sufficiently  aroused  to  coil 
they  will  at  least  indicate  attention  by  flicking  out  the  tongue  to  discover  the  source 
of  the  annoyance. 

It  has  been  reported  that  rattlers  exhibit  a  pleasurable  response  to  petting. 
Crevecocur  (17S2.  p.  318;  liinglcy,  1803,  vol.  3,  p.  I'y;  T.  Smith,  vol.  6.  p.  91)  tells 
of  a  tame  rattlesnake  that  so  enjoyed  being  stroked  with  a  brush  that  it  would  roll 
on  its  back  like  a  cat.  This  story  is  to  be  deemed  on  a  par  with  Cre\e(oeiu's  other 
famous  folklore  item— the  fatal  boot  (p.  1281).  I  he  late  Mrs.  (.race  t).  Wiley  (1929, 
p.  13)  had  a  western  diamond  (C.  atrox)  so  tame  that  it  would  arch  its  back  when 
stroked  with  her  hand,  although  it  did  not  respond  in  this  way  to  other  people. 
Another  western  diamond,  although  quite  tame,  never  arched  its  back  when  she 
stroked  it.  Both  were  males.  I  think  it  diould  be  said  that  the  petting  to  whidi  one 
of  the  rattlers  reacted  was  not  the  cause  of  its  pacification,  as  one  nught  expect  in 
a  dog;  on  the  (ontrary,  the  reaction  was  evident  only  after  the  snake  had  been 
tamed.  Mrs.  Wiley  also  reported  (1930,  p.  100)  that  gentle  stroking  aided  in 
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handlini;  >»jk'(  imcns  ol  ilic  .\ft\ican  west-coast  rattlesnake  (C.  b.  bosilisnis).  Her 
feai  k  ss  liaiitlliii^  of  vciionioiis  snake  s  was  wi  ll  know  n  to  hv\  ( ontcinporai  ies,  yet 
even  slie  had  to  excicise  ilie  greatest  jjaticiue,  in\i)l\  ing  no  little  tiaiiger,  to  achieve 
the  results  for  which  she  became  famous.  And  even  in  her  case,  after  many  years  of 
experience,  there  was  a  fatal  termination.  No  ambitious  amateur  should  ever 
presume  that  petting  is  sufficiently  soothing  to  render  a  strange  rattlesnake  safe 
for  handling. 

DistAN  r  Dr  ri c  1  ion 

It  is  a  common  e\j)erit  n(e  in  the  field  to  have  a  raliici  siuUU  iih  sound  oil  when 
the  obsci  vei  is  still  at  some  distance.  The  sense  by  whic  h  the  sn.ikc  has  betonie 
awaie  ol  tiic  intruder  is  generally  difficult  to  determine.  One  windd  Inst  suspect 
sight,  yet  it  often  happens  in  these  cases  that  there  are  intervening  objects.  Since 
rattlesnakes  are  deaf  to  air-borne  vibrations,  as  every  evidence  indicates  they  are, 
then  either  ground  tremors,  or  the  sense  of  smell  is  the  avenue  of  perception  that 
serves  to  warn  the  snake.  I  deem  the  pit  of  too  short  a  ran^c  to  be  useful  in  such  a 
situation.  Some  typical  cases  of  distant  detection,  as  described  by  my  correspond- 
ents, are  the  following: 

On  one  of  mv  huiitiiv^  trips.  I  fouiul  a  rattler  that  I  iicartl  ^v  lu  ii  I  uas  at  least  65  feet 

away.  I  do  nut  know  liow  the  rattler  discerned  my  presence.  It  happened  to  be  on  a  heavily 
wooded  hillside  and  there  was  very  little  or  no  undergrowth.  Harry  Z.  Cole,  Norristown,  Pa. 

Most  rattlers  I  ha\r  found  remain  vtrv  still  when  first  rlis((i\ end.  or  try  to  ^et  auav.  When 
ihcy  arc  molested  they  immediately  coil  in  a  position  to  strike  and  begin  to  rattle.  One 
morning  I  heard  cnie  start  to  rattle  before  I  reached  it.  I  measured  the  distance  to  it, 
which  was  132  feet.  Herbert  P.  Rice,  U.  S.  Forest  Service,  MeadviUe,  Miss. 

I  have  known  a  rattler  to  show  aciiviiy  when  an  uppioaclung  person  was  Mill  200  feet  away; 
yet.  Others — ^maybe  asleep — did  not  move  until  touched  with  a  stick.  John  C.  MeNelty, 
Preseott,  Arix. 

•o 

There  has  always  Itccn  a  question  in  my  mind  as  to  whether  rattlesnakes  hear  or  see,  be- 
cause I  have  observed  large  diamondbacks  at  times  when  they  would  raise  their  heads  and 

rattle  when  I  \vas  as  far  as  100  frri  awav;  and,  as  I  came  closer  they  would  have  their  heads 
turned  away  from  nie  but  they  kept  on  rattling.  Jess  T.  Fears,  U.  S.  Forest  Service,  Paysott, 
Ariz. 

When  riding  horseback.  I  have  heard  rallicrs  sound  off  at  least  100  yards  before  I  got  to 
them.  C.  K.  Lyman,  \'euport,  Wask. 

o- 

A  I'acilu  rattk-i  was  distuihed  and  commenced  to  rattle  prodigiously  while  I  was  still  150 
feet  tlisiani  and  lon^  hefore  I  discovered  hiuK  From  our  relative  |K)sitions,  ft  seemed  almost 
impu!i.Nil>ie  that  he  could  have  seen  inc.  iirightnn  C.  Cain,  Oakland,  Calif, 

o 

I  was  riding  a  horse  along  the  Santa  Vnez  River  bed  when  1  heard  a  snake  buzzing  while 

1  was  s.ill  some  200  feel  from  it.  I  ro<le  on  and  fuialh  s|)(iiic'd  it  about  20  feet  off  to  one  side 
of  the  trail  in  an  open  plate  near  some  thinly  set  v\illows.  I  he  snake  was  roih-d  antl  had  its 
head  raised  H  or  9  inches  above  the  coils,  and  was  very  much  on  the  liglit.  On  aciuuiil  ot  ilie 
shrubbery,  the  rattler  could  not  have  seen  my  horse  until  I  got  within  40  feet  of  it.  I  did 

not  see  signs  of  anMhin<;  else  ihai  uiii;ht  lia\e  disttirhcd  it  hrfoic  I  '^dt  tlu-ie.  It  is  mv 
opinion  that  the  snake  felt  the  \ibralion  caused  by  the  horse  traveling  rather  than  by  seeing 
or  hearing  it.  Walter  F.  Emerick,  Division  of  Fish  and  Game,  Palmdale,  Calif. 
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I  was  riding  a  trail  on  ihr  I  i  l  River  in  I^ke  County  and  heard  a  snake  rattling  on  a  ii(l<;c. 
al)oiu  200  ItTt  away.  Wlicn  I  got  o\ci-  thcic  he  w.t;  coiled  up  and  rattling  as  loud  as  he 
cuuld.  A/,  ir.  Durham,  U.  H.  toresl  Service,  I'aMuU  iia,  Calif. 

o 

In  late  July  or  early  August  uf  11)38,  a  companion  and  I  were  hiking  up  a  hilhidc  in  the 
afiemoon.  Up  the  trail  we  heard  a  rattler  suddenly  burst  forth  with  its  warning  rattle  about 

.so  left  in  from  of  us  and  al>oiit  ihc  same  distance  to  the  right  of  the  trail.  W'c  couldn't  sec 
il  as  ilic  area  was  rather  well  covered  with  a  growth  of  dcerwccd.  We  started  toward  the 
spot  from  which  the  noise  came  and  fliiully  discovered  a  southwestern  speckled  rattler 
(C.  m.  pyrrhus)  about  feet  long  lying  under  a  large  sumac  bush.  I  don't  know  why  the 
snake  c\i  T  lattlrd  in  the  first  place,  as  it  wa'^  well  a\\a\  from  ns.  and  so  well  concealed  hy 
inter\ening  brush  that  wc  would  have  never  nuticcd  il  had  it  not  advertised  its  presence. 
From  iu  location,  I  don't  think  it  was  possible  for  it  to  see  us.  Charles  E.  Shaw,  San  Diego, 
Calif. 

'Ihrough  tlic  years,  I  have,  myself,  had  similai  fxpc'i  iciiti  s  with  a  vaiictv  of 
species  of  rattlesnakes — with  southeni  Pacifies,  reel  diamonds,  speckled,  and  tiger 
rattlesnakes.  In  one  instance  a  snake  rattled  violently  in  a  thidi  sumac  bush  100 
or  more  feet  from  where  we  were  hunting.  In  another.  Dr.  £.  H.  Taylor  and  I 
were  walking  down  a  creek  in  Doane  Valley  on  Palomar  Mountain.  The  erosion 
had  made  deep  cuts  so  that  the  banks  were  high  above  us  on  either  side.  A  southern 
Pacific  rattler  on  a  grassy  shelf  on  the  bank  above  us  rattled  as  we  passed  below. 
It  was  found  to  have  bluish  eye  coverings,  preparatory  to  skin  changing.  Since  we 
were  hidden  from  it,  it  must  have  sensed  oin  presence  by  vibration  or  odor. 

Similar  accounts  have  been  publishetl  by  Wiliiston  (1878,  p.  203),  J.  D.  Mitchell 
(1903,  p.  3G),  and  Linsdale  (1932,  p.  383). 

Linsley  (1843,  p.  44)  l  eported  that  a  rattlesnake  in  a  barrel  could  detect  a  man's 
appioach,  although  he  walked  in  stocking  feet;  and  Reichert  (19S0,  p.  262)  noted 
that  a  western  diamond  in  captivity  was  able  to  detect  him,  even  though  behind 
a  door,  at  a  distance  of  some  12  feet.  However,  the  nature  of  the  floors  involved 
arc  noi  mentioned;  they  may  have  been  such  as  to  transmit  a  tremor. 

Charles  M.  Bogcrt,  of  the  .Vmerican  Museum  of  Natural  History,  has  tiiis  to 
say  about  the  senses  of  rattlers: 

I'oiulerin;.;  the  questions  vou  raised  concerning  the  '.cn*-(  >•  cf  lattlcrs,  I  was  retniiided  of  our 
e.\|)erienccs  when  Dr.  Cowles  and  1  were  camped  near  Indian  Wells.  1  ime  after  time  wed 
see  no  evidence  of  rattlers  near  camp:  then  we'd  walk  around  a  patch  of  mesiiuite,  about  a 
city  block  in  size — ^mesquite  blocked  off  by  roads— and  return  to  camp  to  find  that  one  or 
more  rattlers  had  crossed  the  road  tfiat  could  be  kept  under  observation  from  camp.  We  were 
inclined  to  believe  that  atmx  was  a  pretty  cagey  snake,  on  the  qui  x'ivc  through  one  sense 
or  another.  Did  they  see  us.  hear  us,  or  merely  catch  vibrations  through  ilic  grounti?  We  were 
convinced  that  they  knew  somehow  when  the  coast  was  clear. 

'I  "In  IS,  f  t  oiii  I  Iksi-  m.iiis  r  V  ]  n  1  it  IK  »s,        ;n  f  t  ii  t  .1  !ii  I  lia  I .  \v!ial<-\  cm  t  lie  I  im  il  a  I  i<  Mis 

and  impel  lections  of  a  rattlesnake  s  senses,  their  ciiiiudative  v  alue  is  such  as  t(j 
serve  well  in  advising  them  of  the  approach  of  danger,  at  least  in  the  form  of  a 
creature  as  lai^  as  a  man.  It  will  be  noted,  in  the  cases  of  the  field  notes  sent  me 
by  correspondents,  that  men  on  horseback  were  usually  detected  at  greater  dis- 
tances than  those  afoot.  This,  it  seems  to  me,  seems  to  support  the  ground-tremor 
thco!  v  of  detection.  T-schifFcly  (1933,  p.  214)  saw  few  snakes  on  his  long  horseback 
ride  tlirough  the  Americas;  he  thought  the  tread  of  the  horse  might  have  warned 
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them  out  of  liis  path.  Hudson  (1919,  p.  18)  reported  it  diflicult  to  catch  vipers  in 
Knghmd  it  one  trod  lua\ilv  \\hilc  scarcliiiit;  for  them.  Rose  (1950,  p.  217)  thinks 
the  danger  Irom  mamljas  in  Africa  is  increased  because,  being  often  in  trees,  they 
receive  no  distant  giound-vibration  warnings  of  the  approach  of  men,  and  hence 
are  come  upon  suddenly. 

Aggregation  and  Skx  Rkc ognuion 

Without  doubt  it  i\  the  rattlesnake's  acute  sense  of  smell  that  enables  it  to  follow 

its  fellows — the  it  adi  i  s  nuist  ha\c  some  honn'nt^  instiin  t  fo  a  t^cneral  gathering 
place  for  wiiner  hibernation,  and  to  find  a  mate  in  the  s|)iint;.  lint,  with  respect  to 
the  sonuc  of  the  oilor  that  is  trail<'d,  there  leniains  some  luuertaintv.  There  appear 
to  be  ianiily  tliilcrenccs,  and  tlu  t  attlesnakes  have  not  been  adequately  invesiigateil 
to  determine  the  facts  rcs])ct  imL;  this  group. 

Baumann  (1929»  p.  36)  found  that  the  male  European  asp  (Vipera  aspis)  probably 
followed  the  females  as  a  result  of  discharges  from  the  anal  scent  glands.  Noble 
and  Clausen  (1936,  p.  503)  showed  that,  with  De  Kay's  snake  (Storeria  df};ny{), 
vision  is  the  primary  sense  used  in  aggregation;  while  sex  recognition  is  through 
some  odorous  sxdjstante  contained  in  the  dorsal  skin.  Noble  (1927,  J5.  G9^))  proved 
that  sex  iccognition  in  the  garter  snakes  iThdumojihis)  also  has  its  s(  at  in  odorous 
skin  substances,  rather  than  in  the  anal  scent  glands.  \\  heiliei  this  is  ti  iie  of  the 
rattlesnakes  is  not  known.  One  should  expect  some  sex  reaction  to  the  postanal 
gland  discharges  since  the  female  glands  are  larger  than  the  male.  The  use  of  the 
glands  in  defense  is  discussed  elsewhere  (p.  473).  Courting  male  rattlemakes  use  the 
tongue  actively  in  a  characteristic  manner.  It  is  flicked  out  at  intervals  of  a  second 
or  less;  sometimes  it  is  seen  to  touch  the  body  of  the  female,  but  not  always.  This 
tongin'ng  is  a< ct>nij)anied  bv  jeik\,  ([nesting  movements  of  the  head. 

Wootllnii  V,  ill  his  siiiilies  ol  the  C.i lcU  Basin  i  .ill ki  ( (.'.  x\  hiloMi.s),  was  t  oiiviiiccd 
that  as  soon  as  a  lew  rattlers  had  entered  the  traps  set  at  ilcns,  they  served  as  a  lure 
for  others  to  follow, 

Intelucence 

Although  no  snakes  ha\ c  the  degree  of  intelligence  with  which  the  myths  of  bygone 

days  would  credit  tliem — the  wily  serpent  aura — ^they  do,  of  cotirse.  have  enough 
intellif^eiK e  if  that  is  the  proper  word  for  a  creature  of  sn<h  i educed  mental 
t  apacitv — to  satisf\  the  needs  of  food,  si  H  iMotet  lion,  and  reproiluc  tion,  and  thus 
to  sui  vive.  The  degree  ol  intelligence  that  a  snake  exercises  can  be  judged  oidy 
when  it  is  alert  in  fulfilling  one  of  these  primary  motivations,  for  at  other  times  it 
seems  so  dull  as  to  be  almost  comatose.  Because  they  are  more  active,  the  slimmer 
kinds  of  snakes  have  an  appearance  of  being  more  alert  than  slower,  heavier  kinds 
like  rattlers;  but  whether  they  are  more  intelligent  we  cannot  be  sure.  There  are 
some  indications  that  the  cobi  as  :ne  more  sagat  ions  than  most  snakes. 

A  rattler  accustojiicd  to  fe( d  in  (apiixity  shows,  upon  the  apjiroath  of  its 
keeper,  an  aU  il  altentixeiuss  tint  <;i\es  one  a  sense  of  intelligence.  The  livelv  wav 
in  which  it  i  ises  up  and  faces  the  door  of  its  cage  when  it  is  opened,  the  recognition 
of  its  rcgulai  attendant  or  his  routine,  the  ability  to  distinguish  a  food  forceps 
from  a  cleaning  sho\  el,  all  testify  to  an  appreciation  of  procedures.  The  observa- 
tions of  Tevis  (191.8)  nnd  Fitch  (1948)  show  similar  discriminatory  actions  upon 
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the  part  of  a  luinting  rattlesnake  in  the  field — actions  not  of  purely  stereotyped 
patterns,  but  fitted  to  tlic  needs  of  the  occasion. 

Similai  ly,  a  rattlesnake  discovered  in  the  wild  seems  to  exercise  some  acumen  in 
determining  when  to  abandon  jiassixe  (oniealment  in  favor  of  flight,  and  wlien 
to  tmn  antl  cndca\or  to  intiinitlate  an  enemy.  Rattlers  are  often  fomul  basking  in 
front  of  holes  or  crevices  that  will  furnish  a  refuge  in  emergency,  another  indica- 
tion of  a  primitive  astuteness.  They  know  well  how  to  threaten,  and  at  the  same 
time  to  retreat  toward  some  place  of  safety. 

That  rattlesnakes  come  eventually  to  know  their  keepers,  there  can  be  no 
questi<Mi.  Gowanloch  (1913,  p.  56)  tells  of  a  canebrake  rattler  (C.  h.  atrkandatus) 
that  recognized  people  and  would  only  rattle  at  a  stranger.  I  saw,  in  one  collection, 
a  western  diamond  that  showed  no  fear  of  handling  by  his  owner  but  adopted  a 
defensive  attitude  when  I  came  near.  Hut,  without  doid>t.  the  most  informative 
exjjerinients  were  (hose  of  Mrs.  Grace  O.  AVilev  (1929.  j).  H;  19:^0.  p.  100).  who  krpt 
a  nundxr  of  rattlers  of  dilfeunt  species  as  pets.  I'licy  manifested  their  recognition 
of  her  in  various  ways,  particularly  in  an  absence  of  fear. 

Stanley  (1897,  p.  29),  a  veteran  of  the  snake-oil  circuit,  stated  that  it  was  his 
practice  to  allow  his  rattlers  to  smell  his  coat  to  reassure  them  before  he  handled 
them.  Matteson  ( 1 899,  p.  (\Q>5)  rep<Hrt»l  that  rattlers  are  quick  to  sense  fear  upon 
the  part  of  an  intruder.  One  may  presume  that,  to  whatever  extent  this  idea  is 
justified,  it  probabK  results  from  the  rattler's  becoming  alarmed  at  the  quick 
movements  made  b\  a  Irightcncd  jierson. 

This  natmally  bruigs  up  the  question  of  whether  rattlesnakes  can  be  tamed. 
The  answer  is  that  they  can,  as  has  been  demonstrated  by  Mrs.  Wiley  and  many 
others.  This  is  not  at  all  surprising,  for  rattlers  are  not  inherently  vindictive  or 
vicious.  Like  all  wild  animals  they  are  fearful  of  unaccustomed  situations  and 
wary  of  strange  creatures,  toward  which  they  adopt  defensive  tactics  that  appear 
to  us  to  be  violently  aggressive.  To  whatever  extent  they  can  be  cured  of  fear,  they 
may  be  considered  tame — that  is.  they  will  not  bite — but  there  is  always  the 
danger  of  a  sutlden  fright,  and  no  one  should  handle  a  sujiposedly  tame  rattler. 

As  eaily  as  l(iI5,  Hernandc/.  (fol.  192^-:  1(')2H,  \ierend)erg.  p.  269; 

Jonstonus,  1653,  p.  27)  stated  that  the  Indians  tamed  rattlesnakes  by  wrajjping 
them  with  fine  linen — ^just  how  this  was  done  is  not  made  clear.  Crevecocur  (1782, 
p.  248)  and  other  writers  of  colonial  days  mention  tamed  rattlers,  always  gilding 
the  stories  with  tales  of  their  coming  when  called.  The  fact  remains  that  many 
rattlers,  when  they  have  become  accustomed  to  people  and  their  surroundings, 
will  offer  no  objection  to  gentle  handlin  ^  md  to  that  extent  may  be  called  tame. 
Of  (ourse,  theic  are  botli  spe(  ies  and  iudnidual  different  es.  Some  species  arc  more 
ner\ous  than  otliers.  Daxenpoi  L  (191.S,  p.  120)  says  that  only  one  western  diamond 
(C.  atrox)  out  t)f  100  can  be  iiiailc  a  pel.  Akhoiigh  it  is  true  tliat  tliis  is  a  notably 

higlistrung  si>ecies,  I  should  not  consider  amenable  specimens  nearly  so  rare.  There 
are  individual  differences  within  each  species.  Some  become  quickly  accustomed 
to  people,  while  othci's  will  rattle  at  the  approach,  even  of  a  keeper,  after  years  in 
captivity.  Tamable  or  untamable,  I  hope  nothing  I  have  said  will  suggest  to  any- 
one that  tame  rattlesnakes  are  really  safe  to  handle.  One  can  visualize  a  dozen 
kinds  of  slips  or  accidents  that  might  occiu',  while  holding  a  tame  snake,  that 
would  frighten  it  into  biting.  Only  scientific  and  controlled  investigations  for  a 
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(Icfmile  purpose  ran  ever  justify  ^vhal  would  otherwise  be  a  foolhardy  and  un- 
necessary risk.  I'hc  rxpcrienres  of  countless  snake  handlers  ha\e  shown  tliai  no 
sn;ik(  is  ever  tame  in  the  sense  that  it  will  not  bite  ii  accidentally  frightened  ur 
injm  ed. 

Embroidered  and  fantastic  stories  of  rattlesnake  intelligence  are  not  lacking. 
Some  of  these  are  really  believed  by  their  authors,  while  others  are  humorous 
campfire  exaggerations  taken  too  seriously  by  some  tenderfoot.  They  are  treated 
more  fully  under  the  head  of  myths  (p.  1256),  but  a  few  may  be  mentioned  to 

indicate  the  type. 

Wildwood  ( 1H()2.  p.  L'L'7)  tells  us  of  the  man.  who,  while  hidini;  from  the  Indians, 
found  himself  Ivinu,  beside  a  biu;  rattier.  He  plaved  dead,  and  the  snake,  after 
satisfying  itself  of  his  demise,  crawled  away."  1  hus  wc  have  the  rattlesnake  re- 
placing the  lion  of  a  familiar  African  tale.  Behind  this  there  is  the  sensible  advice 
to  remain  immovable  if  one  finds  himself  within  striking  distance  of  a  rattlesnake 
in  its  striking  coil,  at  least  until  the  situation  has  been  surveyed  to  see  which  way 
to  jump.  Anyone  close  to  an  outstretched  rattler  or  one  in  its  resting — ^pancake — 
coil  can  easily  step  out  of  the  danger  zone  to  safety  without  being  particularly 
concerned. 

Hcnif)!!  (  H>}r>.  j).  80)  tells  us  of  a  rattler  that  had  the  run  of  its  mastci's  cal)in. 
I  pon  tlu  advent  ol  a  stranger  it  was  told  to  "git  in  yore  bed"  which  it  promptly 
proceeded  to  dt). 

Brown  (1936,  p.  24)  tells  how  the  rattler  defeats  the  machinations  of  the  wily 
prairie  dog  that  would  entomb  him.  When  he  goes  down  a  prairie-dog  hole  he 
proceeds  but  a  short  distance  and  then  turns  about,  facing  the  entrance.  Then  if 
the  dogs  start  to  pile  earth  into  the  hole  to  bury  their  ancient  enemy  the  rattler 
will  come  out  at  once.  The  author  claimed  to  have  tested  this  by  dropping  a  little 
earth  down  ;i  lioh-:  lu-  finincl  it  llie  most  cfhcienl  way  to  causi'  a  l  allU  r  to  enierj^e. 
But  B.  Pel  kins  icjk)! is  that  a  rattler  at  the  entrance  of  a  praii  ie-dog  hole  will 
escape  down  the  hole  if  disturbed,  whether  by  bits  of  earth  or  otherwise. 

Meek  (1916)  relates  a  number  of  interesting  but  impossible  yams  of  the  intel- 
ligence of  the  diamondback.  One,  observing  (p.  12)  from  the  edge  of  a  large  Beld 
that  a  rough  spot  in  the  center,  where  it  was  accustomed  to  hunt,  had  been 
cleared,  turned  back  into  the  woods.  Another  (p.  83)  used  a  drain  pipe  icgularly 
to  cross  a  santly  road,  in  order  to  iivoid  niakin<>;  a  track  where  it  could  be  seen. 
One  wise  dianiondbatk  had  no  diditulty  in  selecting,  for  attack,  fioni  a  ring  of 
men  sun omuling  it.  the  paiiicular  individual  who  had  traitorously  divulged  its 
hiding  j)lace  to  tin  oilu  is. 

\Vil<l\vo<Mi  .sa\s  ilii'^  liap|jc'iiL(l  to  one  [ohti  LcuLs.  A  .similar  siury  is  to  be  [ound  in  the 
(Umiiiitm  Plncr  liofik  of  Margaret  Lewis  written  about  1780,  her  son  Charles  being  the  threatened 
victim  (see  Margaret  L.  Lewi.s,  1892,  p.  2^0). 
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7.  Behavior 


TEMPORAL  ACTIVn  Y  AND  LIMITATIONS 

In  their  habits,  rattlesnakes,  like  all  reptiles,  are  strongly  affected  by  the  tempera- 
tures of  their  surroundings.  They  lack  any  internal  means  of  controlling  to  a 
material  degree,  either  the  level,  or  the  range  of  variation,  of  their  lK)dy  tcni- 
peratiues.  The  several  j)hysiological  devices  for  temperature  control  or  ameliora- 
tion possessed  by  the  so-called  warm-blooded  creatines,  the  mammals  and  birds, 
are  absent  in  reptiles.  With  some  exceptions,  birds  and  mannnals  have  various 
mechanisms  for  maintaining  their  internal  temperatures  at  a  fairly  constant  level, 
one  that  is  most  suitable  for  the  maintenance  of  their  bodily  activities.  This 
constancy  of  temperature  at  an  optimum  level  is  achieved  by  the  sjx^eding  up  of 
metabolism — the  development  of  internal  heat  by  chemical  processes — whenever 
the  outward  flow  of  heat  through  radiation  or  conduction  woidd  otherwise  cause 
a  fall  of  internal  temperatiue  to  a  sidjoptinuun  level;  or  by  artificial  cooling 
through  increased  evaporation  from  external  or  internal  surfaces,  or  by  internal 
ventilation  (in  birds),  when  external  temperatures  or  muscular  activity  would 
otherwise  pro<luce  a  sujjraojnimum  internal  temperature.  Reptiles,  including 
rattlesnakes,  with  none  of  these  methods  of  either  achieving  or  controlling  internal 
temperatures,  at  least  to  any  important  extent,  are  subject  to  the  vagaries  of  their 
surroundings;  as  the  temperature  falls  the  body  temperature  correspondingly 
drops,  and  a  point  is  reached  when  muscular  activity  is  no  longer  possible  and 
the  animals  are  comjjletely  helpless;  or,  in  the  other  direction,  as  air  and  ground 
temperatines  rise,  at  a  level  that  would  hardly  inconvenience  most  mannnals, 
the  reptilian  blood,  nerves,  and  muscles  are  so  adversely  affected  by  heat  that  the 
animal  tjuickly  dies.  To  mitigate  llie  elFects  of  ilu-se  clcfiticncics  in  ihcir  internal 
control  of  body  temperatures,  reptiles  instinctively  take  advantage  of  tempera- 
ture differences  in  their  surroundings,  by  such  simple  expedients  as  seeking  refuge 
down  holes  when  the  surface  temperatures  are  too  high,  or  by  basking  in  the 
sun  when  ground  or  subterranean  temperatures  are  low. 

That  snakes  may  deviate  slightly  from  the  temperatures  incident  to  their  sur- 
roundings has  long  been  known.  Extensive  studies  on  such  deviations  were  made 
by  Benedict  (H)vi2).  Lucth  (1941a,  p.  12<))  made  experinunts  on  garter  snakes 
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(Tliainuoplns)  aiul  \v;iur  snakes  (Nahix),  and  found  ihcni  apj);ii tntlv  able  t(» 
raise  ihcir  body  tcnipcialurcs,  under  particular  circumstances,  by  as  much  as 
5°  C.  (9°  F.),  through  metabolism  when  they  were  cold;  and  to  reduce  their 
temperatures  (when  external  conditions  produced  uncomfortable  heating)  by 
as  much  as  P  C.  (1.8**  F.)  through  evaporation.  That  these  deviations  could  be 
maintained  for  any  length  of  time  is  doubtful.  Furthermore,  metabolism  becomes 
inoperative  at  extreme  low  temperatures  when  its  heat  produ(  lion  becomes  most 
necessary.  In  any  case,  it  will  be  noted  how  minor  are  the  deviations  from  the 
teni])eralures  ot  the  surroundings,  compared  with  those  normal  to  mammals  and 
birds. 

lire  waim-blooded  creatures — the  birds  and  manunals — are  usually  relerred 
to  as  homoiotherms  (having  constant  temperatures),  while  the  cold-bloods,  such 
as  the  reptiles,  are  called  poikilotherms  (having  variable  temperatures).  Cowles 
(1940,  p.  549)  prefers  the  terms  endotherms  and  ectotherms,  as  being  more  indica- 
tive of  the  essential  difTcrencc  between  the  two  gioups,  the  terms  referring  to 
the  soiuce  of  heat,  whether  internal  or  external,  rather  than  to  constancy  versus 
variabilil\  in  the  resultant  temperature. 

Some  eaily  wiiters  attril)ute(l  the  iiial)ilitv  ol  icjJtiKs  to  wilfi.sland  low  tem- 
peratures to  llu  ir  lack  of  such  protective  or  iusidating  coverings  as  fur  or  feathers. 
This  is  reasoning  backward.  For  a  creature  whose  body  temperature  is  largely 
dependent  on  its  own  metabolism,  and  which,  by  internal  control,  holds  that 
temperature  constantly  at  an  optimum,  any  divergence  impelled  by  external 
temperatures  is  generally  adverse,  and  therefore  it  is  to  the  advantage  of  the 
endothermic  animal  to  have  an  insulating  covet  ing.  True,  there  are  some  con- 
ditions— such  as  that  ^vhich  exists  when  nnisciilar  actixity  is  high  and  the  heat 
gradient  is  outward — when  the  covering  is  disadvantageous':  but  in  most  situa- 
tions uikUi  which  birds  and  mammals  live,  their  feathers  and  fur  are  benelicial. 
and,  in  the  colder  climates,  absolutely  essential.  Without  these  coverings  the 
energy  loss  would  be  so  great  that  no  practicable  feeding  schedule  could  meet  it. 

But  the  reptiles,  securing  their  heat  from  without,  are  best  served  by  skins  that 

*  Martin  (1930,  p.  561)  points  out  that  man,  because  of  his  nakedness  and  large  area  of  skin  with 

sweat -glands,  is  the  Ixsi  adapted  of  all  crcallir(^s  to  withstand  high  cMcrnal  temperatures.  The 
aMoMisliinp  cxtcrior-tcinpcraliirc  tolerance  of  human  In-inj^s  for  short  periods  has  t>ccn  shown  by 
tests  <ondu(lc<l  liy  BU)tkl(\  .iiul  T.i\l<ir  iI^M".l.  p.  II  li  (ui  iiu  n  wlui  tiidiiifd  air  tiuipcraturcs  ii[> 
to  210"  F.  (115.0='  C.)  for  20  luiniiii'-.  imd  lUi  F.  iM)'  (  loi  o\tr  (111  minutis,  I  he  importantc 
of  temperatures  in  the  normal  lih  <>1  m.in  h.ts  Mctn  outlined  l»y  .Mills  (\<.H9,  p.  2(57),  and  the 
amelioration  of  adverse  conditions  l>y  the  scientific  selection  and  Use  of  clothing  by  Siple  (1944, 
p.  412)  and  Wulsin  (195S,  p.  105).  Phillips  (1948.  p.  331)  has  shown  that  birds  can  withstand  tem- 
pcratines  of  the  external  air  that  would  he  (|ui(klv  fatal  to  a  rattlesnake.  The  nature  and  limcricial 
effects  of  the  cooliiii;  mechanisms  (and  warming  as  well)  that  qive  the  warm-blooded  (reaturcs 
suih  a  superiority  with  respect  to  internal  temperature  control,  are  set  forth  by  Rodbard  (1948, 

E.  418;  1953,  p.  137).  With  these  protective  devices  and  the  control  tJiat  governs  them,  the  warm- 
loods,  in  the  interests  of  metabolic  efficiency,  are  able  to  skirt  dosely  but  safely  below  dangerous 
internal  temperatures.  Their  physiological  elements  ha\e  evoI\rd  in  i!ir  <Iin  (tinn  of  higher  tem- 
peratures, whereas  the  reptiles,  depeudciu  oti  exieiioi  impiM;.;in<;  tciiipn .Hurt  >,  have  letaiued 
nuistie,  ncives,  cell  stnutuie,  and  blotnl  best  suited  lo  the  a\(ia'.;('  iuteinal  tcm|)ei atiii es  icsuliiin* 
from  the  external  heal  flux.  As  a  result,  some  mammals  and  birds  now  have  normal  internal  tern- 

Eeratures  that  would  be  fatal  to  a  snake.  Rodbard  (1953,  p.  140)  has  pointed  out  that  the  reptiles 
ave  thermosensitive  brain  centers  that  alleci  blood  pressure  and  other  functions,  but  with  results 
on  body  temperature  that  are  virtually  ne<;linible,  since  they  lark  the  physiological  heat  absorbing 
and  dissi])ntiup;  medianisms  ilint  aic  so  imporiani  lo  the  binis  and  niauuiials.  .\ccording  to  Heil- 
briuni  et  ol.  (I9hi,  p.  lul;  Ileili)runn,  1931,  p.  TO,  animal  tell  slructurcs  dilfcr  in  heat  resistance 
to  such  an  extent  that  cemperaiines  endurable  by  one  species  might  be  quickly  fatal  to  another. 
Cells  destroyed  by  heat  become  lethal  poisons  in  themselves. 
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interpose  the  least  barrier  to  heat  transfer.  There  are,  of  course,  some  conditions 
wherein  insuhition  would  be  beneficial — when  i\n-  lempcratui c  is  lailin^  below 
the  optinnun  and  the  animal  mii^lit  ]iiofu  from  stoied  heat,  loi  example — but, 
by  and  large,  the  lack  of  insulation  is  advantageous.  1  his  is  the  reason  why  most 
reptiles,  especially  snakes,  feel  cold  to  the  touch,  for  they  are  usually  at  a  tem- 
perature well  below  that  of  the  human  hand,  and  are  good  conductors  of  heat. 

The  same  considerations  may  have  resulted  in  the  greater  average  attenuation 
in  body  shape  of  the  ectotherms  compared  with  the  endotherms — ^that  is,  their 
higher  ratio  of  siu-face  to  bulk.  For,  although  the  re})tiles  are  penalized  by  the 
lack  of  heat  storajre  when  exterior  temperatures  aie  lulling  below  the  optimum, 
the\  j)i<)(iL  through  raj)id  and  more  iniiform  healing  when  the  conditions  are 
revei  sed.  Basking  is  jjai  ticidarly  elTective  in  tlie  ( ase  of  an  attenuated  creatine. 

Since  ruttlesnakcs,  like  other  reptiles,  arc  iundamentally  dependent,  for  mus- 
cular activity  and  the  processes  of  digestion  and  gesution,  on  external  heating 
rather  than  on  the  chemical  heating  derived  from  their  own  metabolism,  it  fol- 
lows that  they  can  live  only  in  places  where  the  daily  and  seasonal  persistence 
of  adequate  temperatures  is  of  sufficient  duration  to  permit  the  successful  com- 
pletion of  these  processes.  Thus  it  is  that  reptiles  arc  so  considei  ably  limited  to 
tropical  and  temperate  zones,  and  even  there,  at  the  colder  limits,  they  have  been 
forced  to  a  two-year  reproductive  cycle,  for  the  young  cannot  be  brouglit  to  term 
in  one. 

With  creatures  so  dependent  on  external  conditions,  it  is  natural  that  the 
activities  of  rattlesnakes  should  be  greatly  influenced  by  the  temperatures  of 
their  surroundings,  including  the  radiant  heat  from  the  sun,  and  so  we  find  that 
their  seasonal  and  daily  habits  are  strongly  affected  by  thermal  conditions.  Since 
suitable  temperature  ranges  are  met  at  different  times  of  day  and  in  different 
seasons,  in  the  various  latitudes  and  longitudes  inhabited  by  rattlers,  we  naturally 
find  notable  habit  differences  within  a  single  species.  Of  (omse,  any  rattlesnake 
acti\it\  is  the  result  of  some  phase  of  the  primary  rattlesnake  objedixes,  which 
are  food,  reproduction,  and  sell  j>rescrvation,  and  their  habits  nuist  be  so  .uianged 
as  to  fit  the  pursuit  of  these  objectives  into  /ones  of  permissible  temperatures. 
No  generalities  with  regard  to  the  seasonal  or  daily  activities  of  rattlesnakes  are 
valid  without  our  taking  temperature  into  consideration. 

Cowles  and  Bogert  (1944,  p.  277),  discussing  limiting  temperatures  and  thermal 
zones  to  which  desert  reptiles  respond  in  specific  ways,  list  the  following  levels: 
(1)  the  lethal  minimum;  (2)  the  critical  minimum;  (3)  the  voluntary  minimum; 
(4)  the  basking  range;  (5)  the  normal  arti\ity  range;  (Ci)  the  maxinnim  volun- 
tary tolerance:  (7)  the  critical  maxinuun;  anil  (S)  the  lethal  maximum.  Actual 
figures  translating  tlicsc  levels  into  body  temjieiatures  aie  largely  imavailable 
for  rattlers.  Air  temperatures  at  which  certain  responses  have  been  observed 
are  not  so  important  as  might  be  presumed,  since  they  seldom  represent  the 
actual  body  temperatures  being  experienced  by  the  rattlesnakes;  for  body  tem- 
peratures are  the  resultant  of  all  thermal  factors  effective  at  the  moment, 
including  metabolism,  conduction  from  the  ground,  con\ection  from  the  air, 
and  radiation  fiom  surrounding  objeds  and  the  sun.  Mudi  remains  to  be 
done,  experimentally,  in  determining  the  degree  to  which  such  factors  as  air 
temperature,  ground  temperature,  solar  radiation,  humidity,  wind  velocity,  sur- 
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face  color,  and  similar  toiulitions  allctt  Ixxh  tcnipcralure.  An  interesting  clisdis- 
sion  oi  some  of  these  factors  is  that  of  Kelly,  Bond,  and  lieitnian  (1954,  p.  MVi). 
However  loosely  I  may  employ  the  word  "temperature"  in  the  following  discussion, 
it  must  be  remembered  that  the  snake's  own  body  temjierature*  as  determined 
by  the  summation  of  these  exterior  conditions,  is  the  really  important  criterion  in 
controlling  and  limiting  its  activity. 

If  confusion  is  to  be  avoided  in  a  consideration  of  the  effect  of  body  tempera- 
tuios  on  rattlesnakes,  it  is  essential  to  distinguish  between  two  viewpoints.  The 
first  involves  piuely  phvsiological  considerations:  W'hal  are  the  teni jjeralnres  that 
a  snake  (an  witlistaiul  w  itlioul  death  or  jx'niianeni  injiuy;  to  what  lenipei  aluu  s 
will  it  voluntarily  submit  without  seeking  amelioration;  and,  liiialh,  what  is 

the  temperature  zone  best  suited  to  its  life  processes  and  well-being?  rhe  second 
phase  has  to  do  with  the  habit  adjustments  of  the  rattler,  whereby  it  fits  the 
attainment  of  its  necessities  of  food,  reproduction,  and  protection  as  best  it  can 
into  the  available  temperature  conditions.  For,  in  almost  none  of  its  liabitats 
an  I  Ik  temperatures  at  an  optimum  le\  el  continuously.  Were  the  snakes  active 
onI\  \\)i<  n  the  temperatines  were  exactly  suitable,  thcv  would  not  secure  suf- 
ficieul  looil,  and  their  season  ol  attivitv  would  be  too  sliort  to  ((jmjjlele  the 
rej)ro(lu(  ti\e  cycle.  But  by  vai  ious  methods  of  mollifying  their  activities — both 
daily  and  seasonal — so  as  to  proht  to  the  utmost  from  reasonably  favorable  tem- 
perature levels;  through  e.vpedients  by  which  they  take  advantage  of  differences 
in  microclimate;  and  finally  by  continuing  to  be  active  at  temperature  levds 
that  are  uncomfortable,  and,  indeed,  by  an  unexpected  fluctuation  might  even 
bc(oni(  dangerous,  the\  aic  successful  in  maintaining  themselves. 

In  the  following  tiisc  ussion  I  shall  first  outline  the  physiological  temperature 
limitations  to  whidi  tin  snakes  are  subject,  followed  bv  remarks  on  how  their 
lives  aiul  hai>its  a»r  iiKididcil  to  take  advantage  of  sucli  beneficial  temperature 
conditions  as  may  pievail,  whether  daily  or  seasonal. 

PHYSIOLOGICAL  TEMPERATURE  LIMITATIONS 

MaXIMI M   i  FMrFRATl  RL  I.IMITS 

Althougli  snakes,  as  well  as  other  reptiles,  are  poj)idarly  su|)posed  tr*  prefe  r  and 
seek  the  hottest  wcathei  antl  exposines,  lyiui^  out  in  the  siui  wheiu\ei  |)ossible, 
the  fact  is  that  such  basking  is  limited  to  times  ol  moileiate  tem]Kraiures,  for 
they  would  be  quickly  killed  by  environmental  temperatures  not  particularly 
uncomfortable  to  man. 

In  recent  years,  a  number  of  experiments  have  been  performed  demonstrating 
the  inability  of  rattlesnakes  to  withstand  direct  sunlight  on  a  hot  day.  My  cor- 
respondents have  supplied  the  following  data  on  their  own  experiences: 

Having  heard  at)out  the  ainoiiiit  of  direct  sun  heat  that  a  rattler  can  stand.  I  was  curious 
to  know  what  this  particular  subspctics.  the  Great  Basin  rattlfsnake  !'.  Ititosus).  (otild 
lake,  .\ccordingly,  an  aduh  snake  was  selettc-il  and  subjetlcd  to  the  sun  rays  wliith  the 
thermometer  registered  as  91*  F.*  No  particular  uneasiness  ivas  even  observed  for  about  5 
minutes;  then  the  reptile  became  obvioudy  disturbed  and  restless  and  tried  to  crawl  away. 

'  Xoi  a  valid  c  riirrion  of  the  tc  inpci  auiic-  (hat  the  snake  attained  from  the  ground  on  which  it 
was  placed,  tu  say  nothing  of  the  sun's  railiaiion. 
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However,  it  was  not  allowed  to  do  so  an<J  its  rfforts  sofni  hcc.Tmc  frantic.  At  the  end  of 
20  minulcs  it  wa.s  showing  signs  of  acute  distress  and  at  the  end  of  28  minutes  its  move- 
ments had  entirely  ceased,  except  for  spasmodic  twitchings  now  and  then.  Russell  K.  Grater, 
Nationet  Park  Service^  Estes  Park,  Colo, 

-o 

Herc  at  the  Canyon  I  came  upon  a  rattler'  on  the  Bright  Angel  i'raii,  at  Garden  Creek, 
in  19SS.  Desiring  a  picture.  I  hooked  him  out  from  the  dense  growth  into  the  bright  sun- 
shine  for  photographing.  It  was  a  very  hot  July  day.  about  midafternoon;  in  a  very  short 

time  he  turned  hclly-tip  and  died  In-forc  I  rould  pose  him  and  focus  the  camera.  Louis 
Schellbach,  National  Park  Service,  Grand  Canyon,  Ariz. 

■o 

Having  heard  that  a  rattlesnake  could  not  stand  the  direct  rays  oE  the  sun  for  any  length 
of  time,  I  tried  out  a  noithc-rn  Pacific  rattler  by  tossing  it  out  into  a  bare  sand  patdl. 

Tlie  (iav  was  hot  for  tlic  elevation  Mahout  3.')00  fccti.  At  first,  the  rattler  (oilrd  and  was 
ready  to  fight,  but  after  about  5  minutes  it  tried  to  crawl  away  and  made  no  further  effort 
to  coil  when  tossed  back  to  the  center  of  the  sand  patch.  It  rapidly  became  weak  and  at  8 
niiiuttcs  could  no  longer  crawl.  During  the  next  3  minutes  it  had  3  severe  spasms  and  at 
the  last  one  it  turned  over  on  its  hack,  its  inotiih  flt  w  open  very  wide,  and  it  made  no 
further  mo\cmenl.  This  was  II  minulcs  after  I  hrsi  put  it  in  the  sun.  Louis  Olive,  Ai- 
turos,  Calif. 

-o 

At  I'oison  Meadow,  u,000  feel,  Yosemitc  National  Park,  on  July  8,  1940,  on  a  warm  south 
slope  but  in  the  shade,  we  found  a  large  northern  Pacific  rattlesnake  (C.  v.  oreganus)  44 H 
inches  long.  The  Yosemitc  Field  School  of  Natural  History  questioned  the  fact  that  bright 
direct  sunshine  would  kill  a  rattlesnake.  So  we  surrounded  it  and  kept  it  out  in  the  lit  iplit 
sunshine  on  a  barren  gravel  slope.  In  21  minutes  of  direct  e\|M)sure  to  sunshine  the  snake 
was  dead.  Another  large  rattlemake  that  we  tested  a  year  previously  died  in  17  minutes. 
In  another  innance  where  the  sunlight  was  not  so  intense,  the  rattlesnake  died  after  L'3 
minulcs  of  exposure  to  direct  sunlight.  Joseph  S.  Dixon,  U.  S.  Fish  and  Wildlife  Service, 
ficrkrlt  \.  Calif. 

Dr.  Setli  Benson  told  nie  he  had  tried  kccpin;^  a  sidt-windci  in  \hv  liot  desert 
sun;  it  died  in  1 1  ininiiics.  He  mejcly  leniovcd  the  bush  under  which  it  had  been 
hidiiii^.  It  hetaine  siiddeidy  stiff  as  if  tooked. 

Altliougil  tlicsc  cxpeiiciitcs  involved  some  diflerences  in  the  time  retjuired  to  kill 
a  rattlesnake  in  the  hot  sun,  no  doubt  correlated  with  difterences  in  ground  and 
air  temperatures,  the  intensity  of  the  sun's  radiation,  and  the  size  of  the  snake  (and 
therefore  the  rapidity  of  heat  absorption),  there  is  a  general  agreement  that  the 
time  of  survival  under  extreme  conditions  is  about  10  to  12  minutes. 

Similar  experiences  have  been  dtsrrihed  in  published  accounts.  Chase  (1919, 
p.  184)  found  that  a  sidewinder  died  in  \0  nu'niites,  witli  an  air  tenii)eratnre  of 
110°  F.  Benedict  (1932,  pp.  185,  211)  concluded  thai  laiilisnakes  could  he  heated 
to  37°  C.  (0S'1'°  K.)  at  low  luniiitlitv  without  permanent  injury;  t(  iujh ratiircs 
beyond  this  were  likely  to  be  lethal,  although  not  always  iuunediatcly.  Swilt 
(1933,  p.  150)  reported  the  killing  of  a  northern  Pacific  rattlesnake  in  20  minutes 
in  full  sunlight  at  5.000  feet  altitude  in  Plumas  Ck>unty,  California.  Blum  and 
Spealman  (1933,  p.  150)  experimented  with  infrared  and  ultraviolet  radiation 
to  determine  whether  any  particular  wave  lengtli  of  the  spectnun  was  seiet  lively 
lethal.  1  hey  concluded  that  no  photochemical  reaction  was  involved  but  that 
the  fatal  residt  was  purely  an  effect  of  temperatuie.  They  killed  a  snake  in  an  air 
bath  luated  by  a  hot-water  jacket,  death  occurring  in  somewhat  less  than  H 
*  A  Grand  Canyon  rattlesnake  (C.  v.  abyssus). 
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niiniiif  s  ol  \\y  C.  (alxmt  I2fl'l'^  F.).  I  he  inuMltA  were  louiul  to  he  in  i  igoi . 
The  auihoii  concluilc  that  death  is  caused  by  irreversible  thaiiges  in  die  tissues 
produced  by  excessive  temperatures,  heat  rigor  occurring  in  the  muscles  of  ecto- 
therms  at  somewhat  above  40**  C.  (104°  F.). 

Mosauer  and  Lazier  (1933.  p.  149)  experimented  with  three  freshly  caught 
rattlesnakes,  two  sldewiiuUis  (C.  (rrastes)  and  a  ^\•cstern  diamond  (C.  otrox),  all 
of  mech'um  si/e.  I  he  first  sidew  intlcr  was  placed  on  a  level  stretch  of  sandy 
ground  in  full  sunlit;ht.  The  surface  tcmiicraturc  of  the  sand  was  C.  (132" 

F.),  and  the  air  lenijnrature  3')'.;'  (1.  V.).  1  he  snake  ininudi.itdy  tried  to 

escape  toward  the  shade  but  was  restrained.  1  hese  atteni))ts  ceasetl  at  the  end 
of  5  minutes,  and  after  ti  minutes  the  snake  seemed  incapable  o£  normal  move- 
ments, although  it  was  not  (|uite  inert.  At  the  end  of  7^4  minutes  of  exposure  it 
seemed  quite  dead.  The  body  temperature  was  found  to  be  47°  C.  (116%°  F.). 
The  second  sidewinder  was  killed  in  9  minutes,  the  body  temperature  being 
the  same.  The  west(  iii  diamond  made  its  final  movement  after  an  exposure  of 
10'-;  nnnntes;  the  b(uly  tempcratmc  was  10':^°  CI.  (IKV  F.).  I  he  auihors  repoi  t 
that  t^rave  symptoms  appear  rajjidlv  in  the  last  minnt<--  behire  death:  "Durins; 
this  time  the  snakes  are  sticKlucI  out  lull\  or  almoM  no,  bnathinj;  hea\ily  and 
attempting  caterpillar  motion.  I  he  mouth  is  opened  and  closed  w  ith  a  yawning 
motion,  the  fangs  advanced.  Movements  in  the  head  region  (tongue.  f:mgs)  can 
be  observed  after  the  last  convulsive  wriggling  of  the  body  has  si  4  ^  cl.  The 
widening  of  the  pupU  may  be  taken  as  the  conclusive  sign  of  death.  Rigor  mortis 
sets  in  almost  immediately,  is  very  distinct,  and  travels  from  the  head  tailwards." 

Hunt  (1934,  p.  16)  experimented  with  a  northern  Pacific  rattlesnake  in  sim- 
light:  it  was  writhin<i,-  in  1.3  minutes  atid  dead  in  ITH-.  Nfosauer  (193rKi.  p.  fA)] 
again  tested  sidewiutlei s,  this  time  witli  ;nli[i(ial  heat  in  a  specially  coiistrutted 
cage,  and  found  that,  with  air  temperatiues  of  53  C.  (IST  F.)  and  sand  tem- 
peratures of  60°  (140 '  F.),  they  died  in  from  5%  to  \2Vj  minutes.  The  body  tem- 
peratures at  death  ranged  from  44.8°  to  45.7°  C.  (113°  to  1 14°  F.)  by  thermocouple, 
and  measured  47°  C.  (116.5°  F.)  by  thermometer.  Miller  (1937,  p.  40)  mentions  a 
sidewinder  that  was  killed  by  heat  in  4^  minutes.  Bogert  (1939,  p.  34)  tells  of  a 
sidew  inder  killed  in  12  minutes,  the  groinul  temperature  being  54°  C.  (129°  F.), 
and  the  air  temperature  al)out  3S  C  (lOO"^  F.).  I  lu  temperatme  of  the  snake 
was  about  •I,')'"' C;.  (ll'V  F.).  I.ueih  j).  131)  thinks  that  lew  snakes  could 

survive  a  bod\  leinpir;Uin  c  aboxc  IOC  (101  F.).  (iowlis  and  lio^ei  t  (HM!. 
p.  280^  give  the  lethal  temperaluie  ol  a  sidewinder  as  12..")  C  (108.5  F.)  and 
of  a  southern  Pacific  rattlesnake  as  41°  C.  (106°  F.). 

Dobie  (1949,  p.  118)  has  repeated  a  highly  doubtful  story  told  him  of  how  a 
coyote  kept  a  sidewinder  from  retreating  to  protective  shade  until  it  died,  where- 
tijjon  the  wise  mammal  made  a  nual  of  it.  Roadrunncrs  are  sometimes  <  redited 
witli  using  tlie  same  stratagem  for  the  purpose  of  simultaneously  killing  and 
cooking  their  rattlesnake  meals. 

Twr>  newspaj)er  accouius  mention  tests  on  i.tliins  that  lesulled  in  death  iir  10 
minutes  in  the  sun  with  an  air  tempeiature  ol  2.')..)  C.  (7ti-  F.),  and  another 
in  10  minutes  at  26..5°  C.  (80=  F.).' 

*Fraser  (1936-37,  p.  7'J)  pcituniicit  an  iiUcicstiiig  !>ciics  of  icsls  ai  iJcolali,  mar  U()iiil)ay,  India, 
to  determine  the  letnal  effects  of  sunlight  on  snakes.  Several— none  ratilers,  of  course— were  kept 
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As  ^^•c  review  these  tests,  we  are  impressed  ;vilh  the  variability  of  time  and 
temperature  required  to  kill  rattlesnakes  in  tlie  sun.  Yet  these  discrepancies  arc 
more  prcsiuncd  than  real,  for  in  onlv  a  lew  instances  are  we  s^iven  the  really 
critical  data,  namely,  the  body  temperature  reached  by  the  snake  at  death,  l-or 
air  temperatures  are  not  of  great  importance  when  we  are  dealing  with  a  creature 
such  as  a  snake,  whose  body  is  in  intimate  contact  with  the  ground.  Much  more 
pertinent  are  the  ground  temperature,  the  size  of  the  snake,  the  colors  (reflec- 
tivity) of  the  ground  and  the  snake,  together  with  such  conditions  as  wind  ve- 
locity, humidity,  ctr,.  for  ill  of  these  will  affect  the  rapidity  of  heat  absorption 
by  the  snake  and  the  body  temperature  attained,  which,  after  all,  is  the  really 
decisive  factor.  Ascertaining  the  body  temperature  at  the  moment  of  death  is  a 
difficult  problem,  and  sonic  of  the  lethal  tcnij)eratures  that  I  have  cjuoted  are  of 
doubtful  accuracy.  It  is  probable  that  if,  in  all  the  tests,  the  temperature  of 
the  snake  at  death  had  been  ascertained  accurately,  the  variation  would  not 
have  been  great,  and  the  time  elapsing  before  death  would  depend  simply  on 
the  rapidity  of  the  heat  absorption  and  the  curve  of  temperature  rise  to  the 
lethal  point. 

Attention  should  be  directed  to  the  wide  diffeic  lues  between  air  and  ground 
temperatures  as  shown  by  Mosauer's  tests.  I  hese  indicate  how  relatively  unim- 
[)()rtain,  compared  to  the  ground  temperatures,  are  the  air  temperatures  usually 
uK  iitioned  bv  observers  of  field  experimeiUs  on  the  killing  of  rattlers  fjy  keeping 
them  in  the  sun.  The  snake's  body  temperature  follows  the  temperature  of  the 
ground  much  more  closely  than  that  of  the  air,  as  was  demonstrated  in  experi- 
ments conducted  by  R.  B.  Cowles.  He  placed  sidewinders  on  substrata  at  tempera- 
tures of  to  19**  C.  (16°  to  54**  F.)  higher  than  the  air  temperature.  Under 
these  circumstances,  the  snakes  reached  temperatures  within  1°  or  2"  C.  (1.8° 
to  S.6*F.)  of  that  of  the  substratum  (8°  to  17°  C,  or  14.5°  to  30.5"  F..  higher 
than  the  air  temperature)  within  .5  minutes  or  so,  thus  showing  the  predominant 
influence  of  the  temperatiuc  of  the  gioiuid,  compared  with  the  tempei  .iture  of 
the  surrounding  aii.  And  to  indicate  how  nuich  higher  ground  temperatures 
may  be  than  air  temperatures,  wc  have  the  following  figures  supplied  by  Court 
(1949,  p.  220)  as  examples  of  air  ground  differentials  in  Death  Valley  and  the 
North  American  desert  areas  generally:  Air  at  5  feet  above  ground,  125°  F. 
(51.7°  C);  at  1  foot  above  ground,  150°  F.  (65.6°  C);  at  1  inch  above  ground, 
165°  F.  (73.9°  C);  and  at  ground  surface  180°  F.  (82.2°  C). 

It  will  be  noted  that  several  of  the  experiments  previously  mentioned  were 
conducted  on  the  sidewinder,  the  rattlesnake  that,  judged  by  the  cnvirc^nment 
in  which  it  lives,  might  be  expected  to  have  a  maximum  heat  toleiance.  For  the 
sidewinder  inhabits  the  Mojave  and  the  Colorado  or  i>onoran  deserts,  including 
the  floor  of  Death  Valley,  where  the  highest  air  temperatures  ever  recorded  in 

in  the  sun  under  various  temperature  conditions.  They  died  in  from  3  to  85  minutes,  all  showing 
the  usual  symptoms  of  heat  prostration — intertia,  head  swaying,  rolling  on  the  back,  distcndecl 

{'am,  labored  bicatliiiif;.  The  most  interesting  feature  of  these  tests  was  that  one  sn;ike  was  killed 
>y  85  minutes  of  exposure  on  a  day  when  the  maxiniiun  air  tempcialure  in  the  sliade  was  76"  J-., 
the  minimum  86*  F.,  and  it  was  described  as  being  "cold  and  frosty."  Fraser  thou^t  the  snakes' 
temperatures  were  increased  by  their  struggles  to  reach  shade,  from  which  they  were  restrained. 
However,  it  is  more  probable  that  the  long  exposure  resulted  in  a  considerable  desiocati<m;  bat 
murh  more  important,  no  dou'si,  was  the  temperature  reaehc<l  bv  the  p(nuul  suiface  and  the 
snake  itself,  both  by  direct  radiation  and  conduction,  of  which  no  record  was  made. 
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the  W'cstcrn  1  kniis[jlK  re  ha\f  been  ;itt;iine(l.  Yet  tin's  desert  crc.iturc  seems  able 
to  withstand  no  higher  tcinperatines  than  other  rattlesnakes,  and  lor  no  longer 
periods,  although  its  lighter  color  may  reduce  the  rapidity  of  heat  absorption 
in  sunlight,  as  compared  with  some  of  the  darker  forms.  However,  reflectivity 
is  not  entirely  a  matter  of  visual  hue,  as  I  have  pointed  out  elsewhere  (Klauber, 
1939a,  p.  65),  for  much  of  the  incident  radiation  is  at  wave  lengths  outside  of 
the  \isual  spectrum.  Prohal)ly  the  body  temperature  at  which  irreversible  muscu- 
lar lieat-rit^or  ensues  is  virtually  the  same  in  all  rattlesnakes,  at  about  1')^  C. 
(ILS  J'  ),  although  damage  liom  ;\hich  the  snakes  may  sucfinnb  later  niay  be 
entailed  at  lower  bodv  temperatures,  even  down  to  IIV  (i.  (110*  l-'.),  or  below', 
with  some  variation  depending  on  the  duration  oi  the  unlavorable  temperature. 
Cowles  and  Bogert  (1944,  p.  286)  state  that  the  critical  maximum  body  tempera- 
ture of  the  sidewinder  is  41.6°  C.  (106.9'*  F.)  and  the  lethal  temperature  42.5**  C. 
(108.5**  F.).  The  corresponding  critical  maximum  temperature  for  the  southern 
Pacific  rattler  {C.  v.  hrUcri)  is  stated  to  be  2.8°  C.  (5.0°  F.)  lower  and  the  lethal 
temperature  1..')^  C.  (2.7''  F.)  below  that  of  the  sidewinder.  So  far  as  rattlesnakes 
are  concerned,  these  tests  do  not  verify  ])eyf)e's  statement  (1^*31,  ]).  221)  that 
desert  snakes  ran  withstand  much  higher  temperatures  than  those  accustomed 
to  less  rigorous  conditions. 

Cmainly  the  popular  idea  that  a  snake  relishes  high  temperatures  is  anything 
but  true.  No  doubt  the  temperature  limitations  are  fixed  by  the  fundamental 
properties  of  reptilian  muscle  and  blood,  which  have  not  been  materially  changed 
through  environmental  pressure  and  natural  selection  to  permit  a  higher  toler- 
ance by  desert  snakes.  I  have  seen  no  test  data  proving  that  any  snakes,  such  as 
the  sidewinding  vipers  of  the  .Sahara — the  horned  viper  (Aspis  cerastes)  and  the 
sand  viper  (.1.  x'if)rra) — can  withstand  highei  temperatures  than  our  own  side- 
winding  rattlesnake,  which,  in  tinn,  siiccinnbs  at  essentially  the  same  tempeia- 
ture  as  rattlers  inhabiting  less  torrid  areas.  Certainly  we  must  cjuestion  the  state- 
ment of  Stradling  (1881,  p.  1 18),  who  claimed  thai  on  the  hottest  days  in  the  hot- 
test places  on  earth,  he  had  seen  snakes  basking  in  the  blazing  sun-glare  on  sand 
and  rocks  that  would  almost  blister  the  hands  to  touch.  Nothing  like  this  has 
been  observed  in  the  American  deserts,  and  there  is  no  reason  to  believe  that  Old 
W'orld  snakes  have  different  heat  loleiances.  I  should  place  the  maximum  volun- 
taiy  tolerance  of  rattlesnakes,  according  to  the  terminology  of  Cowles  and  I'ooert 
(1914),  at  aljoul  37"  C.  (98'^  F.) — possil)ly  a  decree  or  so  higher  loi  desert  species 
and  correspontlingly  lower  for  those  accustomed  to  more  humid  conditions. 

Statements  have  appeared  from  time  to  time  to  the  effect  that  some  snakes  are 
attracted  to  campfires,  either  by  the  light  or  heat.  For  example,  Bruce  (1790, 
vol.  5,  p.  204;  repeated  by  Martin,  1851,  p.  258,  and  Ruskin,  1875,  p.  187)  tells 
us  that  the  homed  viper  (Aspis  cerastes)  of  the  Sahara  is  such  a  lover  of  heat 
that  it  will  approach  a  campfire  at  niglu  and  bum  itself  to  death  in  the  ashes. 
Bruce  claime{I  that  this  was  of  inghtly  occurrence,  and  that  there  were  seldom 
less  than  hall-a-do/i  ii  thus  immolated,  l^fjbri/hoffei  (1822,  p.  298)  was  another 
early  writer  who  spoke  of  siiakis — this  time  in  Paraguay — a])])r()ac Iiinc;  a  fne  to 
warm  themselves.  Payne  (1872,  p.  22»i)  mentions  a  copperhead,  that,  aroused 
from  its  winter  hibernation,  crawled  toward  a  fire  for  warmth.  I  was  disposed 
seriously  to  doubt  these  stories,  but  Dr.  R.  B.  Cowles  has  told  me  of  a  sidewinder 
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that  crawled  up  to  a  canipfirc  and  was  only  ijrcventcd  frcm  crawling  in  by  its 
bcinji;  rcpcatcdlv  pushed  awav  lioiii  the  (lames  and  coals.  Whether  this  is  an 
indicaiiuu  ot  thcrino-  or  phototropi&ni  is  not  known. 

Minimum  Temperature  Limits 

At  the  other  extreme,  the  lethal  minimum,  the  transition  from  at  least  a  permis- 
sible temperature  to  a  fatal  one  is  more  gradual  than  at  the  upper  limit;  for  long 
before  the  danger  point  is  reached  a  zone  of  lethargy  is  entered  that  drives  the 
snake,  by  instinctive  response,  to  some  refuge.  This,  although  it  may  not  improve 
the  temperature  experienced,  will  at  least  safeguard  the  animal  w  hiie  helpless  and 
immobile  through  the  stilfcniug  of  its  musdes.  However,  it  is  true  that  tlie  advent 
oi  falliug  temperatures  is  likely  to  be  more  sudden  and  iniexjjecied  than  rising. 
Rattlers  subjected  to  a  falling  temperature  experience  a  benumbing  lethargy, 
whereas  those  in  a  rising  temperature  approaching  the  danger  point  are  active 
and  alert,  and  should  be  able  to  reach  a  safe  refuge.  So  it  is  probable  that  many 
more  rattlers  are  killed  by  freezing  than  by  heat,  having  been  rendered  incapable 
of  motion  when  only  a  few  feet  or  rods  from  safety.  Rattlers  enroute  to  their 
dens  are  particularly  subject  to  this  danger. 

Just  what  minimum  temperatures  rattlesnakes  can  withstand  and  still  survive 
is  not  known;  probably  nuuh  depends  on  the  rapidity  of  freezing  and  thawing, 
for  it  is  generally  believed  that,  il  the  thawing  be  gradual,  tlu  \  will  survive. 

Some  jjublished  statements  bearing  on  this  (|uestion  have  been  the  tollowing: 
Hoy  (I8(ij,  p.  432)  claimed  that,  while  it  is  well  known  that  fish  will  survive 
freezing,  reptiles  will  not,  if  they  have  been  cc»npletely  congccded.  Audubon 
(1827.  p.  25)  found  a  rattler  stiff  as  a  stone  from  cold.  It  was  thawed  out  and  sur- 
vived. A  similar  observation  was  made  by  Tome  (1928,  p.  115).  Goode  (I87Sb, 
p.  356)  reports  that  Spallanzani  kept  snakes  in  a  state  of  torpor  in  an  icehouse 
for  5%  years,  and  then  restored  them  to  activity.  The  temperature  of  the  ice- 
house was  not  sfattrd.  Matteson  {1899,  p.  071)  found  a  prairie  rattlesnake  (C.  v. 
X'iridi.s)  siilF  from  cold  and  revived  it  with  warm  watii.  He  claims  that  this  was 
repeated  daily  for  ()  weeks,  at  which  time  it  tlietl,  a  doublfid  story,  to  sav  the 
least.  Dorsch  (1929,  p.  3)  quotes  a  statement  ol  the  U.  S.  Biological  Survey  to 
the  effect  that  rattlers  will  survive  freezing  if  thawed  gradually.  Bogcrt  (1939, 
p.  35)  reports  a  Mojave  rattler  (C.  s.  scutulatus)  that  survived  10  days  in  an  ice 
box  at  42**  F.  Davenport  (1943,  p.  18)  says  that  frozen  snakes  can  sometimes  be 
saved  by  placing  them  in  cold  water  and  raising  the  temperature  slowly.  In  Janu- 
ary, 1937,  the  press  carried  a  report  of  a  northern  Pacific  rattler  (C.  x>.  orcganus) 
found  irozen  stiff  near  llollister,  California,  that  was  revived  by  slow  thawing. 
Vols()e  (1911,  }).  Hi)  expressed  the  opinion  that  I'uropean  vipers  might  withstand 
a  tempcratm  e  ol  a  tew  degrees  below  Iree/ing.  I  lowt  vc  i,  he  cites  a  pariit  ulai  ly 
cold  winter  alter  which  vipers  were  quite  scarce,  showing  that  the  mortality 
had  been  high. 

P.  S.  Bamhart  of  La  JoUa,  California,  told  me  of  throwing  some  frozen  young 
prairie  rattlesnakes  into  a  garbage  can  and  later  finding  that  the  sun  had  re- 
vived them. 

.\t  the  San  Diego  Zoo  the  following  experiment  was  tried:  Two  medium-sized 
Great  Basin  rattlers  (C.  v.  lutosus)  were  first  put  in  a  cold  room  at  3V^°  C.  (5%^ 
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¥.).  After  6  hours  in  this  room  one  was  transferred  to  a  chill  room  having  a 
temperature  of  C.  (23 V--^  F.);  the  other  to  a  freezer  at  -15°  C.  (y>°  ¥.).  After 

15'/^  hours  at  these  tcnipcratincs  they  were  returned  to  the  room  at  3la®  C. 
(38°  F.),  and  later  to  the  normal  temperature  of  tlic  reptile  house.  The  first 
survived;  the  other  died.  Another  snake  of  the  same  subspecies  was  kept  at 
C.  (SS**  F.)  for  nearly  4  days;  it  was  then  held  at  between  -12**  and  -11*^  C. 
(10  and  12°  F.)  for  8%  hours*  becoming  quite  stiff.  After  this  it  was  returned  to 
the  3%**  C.  (38**  F.)  room,  and  then  to  the  reptile  house.  It  showed  no  signs 
of  life  upon  thawing  and  failed  to  survive  the  test. 

I  experimented  with  12  prairie  rattlesnakes  (C.  v.  viridis)  from  South  Dakota 
that  had  been  captured  as  they  were  entering  hibernation,  and,  therefore,  were 
in  the  best  possible  condition  to  withstand  cf)ld.  I  hey  were  dividcci  into  4  lots 
of  3,  each  lot  being  placed  in  a  separate  ahiniiinun  box  in  a  deepfreeze  refrig- 
erator, with  a  compartment  tempeiature  of  about  -16°  C.  (3°  F.).  At  the  time 
they  were  transferred  to  tlie  refrigerator  the  room  temperature  was  6^^C. 
(43.7°  F.).  It  was  the  idea  to  simulate  a  cold  snap  followed  by  a  temperature 
reversal  to  ascertain  the  chance  of  recovery. 

The  first  snakes  were  removed  at  the  end  of  two  hours,  at  which  time  the 
temperature  in  their  aluminum  box  had  reached  -4V4°  C.  (24°  F.).  The  snakes 
were  quite  soft  and  seemed  inert;  however,  pinching  their  tails  produced  slight 
body  movements.  The  box  was  returned  to  a  room  at  a  lemperaunc  of  10°  C. 
(50°  F.)  and  allowed  to  warm.  After  10  minutes,  one  snake  gasped  or  hissed. 
After  30  minutes,  all  could  be  stimulated  into  moving  slowly;  their  eyes  showed 
a  slight  reaction  to  light.  After  one  hour,  one  of  the  snakes  everted  its  tongue 
upon  stimulation,  and  rattled.  The  rattle  was  mudi  slower  than  usual — ^it  was 
more  like  a  true  rattling  sound  than  the  normal  hiss  produced  by  the  rattle — 
and  was  found  to  vibrate  at  the  rate  of  29  cycles  per  second.  At  this  time  one  of 
the  snakes  was  writhing  as  if  in  pain,  and  opened  its  mouth  as  if  gasping  for 
breath.  This  snake  was  still  in  some  distress  2  hours  after  removal,  but  one  hour 
later  showed  no  ill  effects.  Three  hours  after  removal,  the  room  temperature 
being  then  17"  C.  (62'4°  F.)  and  the  tcnijjci  aiui e  in  the  rattlers*  box  only  a 
little  lower,  all  the  snakes  were  completely  alert,  and  afterwards  showed  no 
adverse  effects. 

The  second  lot  of  3  snakes  was  removed  after  3  hours  in  the  deepfreeze.  The 
temperature  in  their  box  was  then  -13**  C  (SH"  F.).  All  three  were  frozen  stiff 
in  the  mid-body  section,  but  were  still  pliant  elsewhere.  The  box  was  then  al- 
lowed to  warm  slowly  and  the  two  largo  Miakes — one  was  a  sub-adult — were 

thawed  within  an  hour;  none,  however,  shoueil  signs  of  life.  After  another  hour, 
one  made  slight  movements.  Three  hoins  after  removal,  the  temperature  in 
their  aliuniiium  bov  l)eint^  then  8°  C.  (  l(i'j"F.).  all  three  snakes  were  alive 
and  showed  some  alei  tness;  liiey  would  certainly  have  been  dangerous  to  handle. 
Subsequently  the  two  laiger  snakes  made  an  uneventful  recovery,  although  one 
was  somewhat  disco-ordinated  in  its  movements  for  another  hour  or  so.  The 
smallest  snake  died.  It  is  possible  that  in  its  weakened  condition  it  may  have 
been  crushed  by  the  other  two,  for  at  one  time  it  seemed  to  be  recovering. 

Lot  3  was  removed  after  4  hours  in  the  dcepfree/e  compartment*  Tlie  tem- 
perature in  the  aluminum  container  was  about  -16°  C  (4*^  F.);  yet  strangely 
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enough  the  two  fully  adult  snakes  were  quite  limp,  not  partly  frozen  as  was  the 
former  lot  that  had  been  in  tlic  refrigerator  a  shorter  time.  The  tliird,  which, 
judged  by  its  si/c,  was  about  to  enter  its  second  winter,  was  fro/en  stiff.  One 
hour  aftei  lemoval  and  transfer  to  a  room  at  about  17°  C  ((YZl-:'^  V.) — although 
they  still  remained  in  tlieir  aluminum  container,  which  warmed  slowly — no  .snake 
showed  any  signs  of  life.  However,  one  hour  later  all  made  slight  body  move- 
ments upon  having  their  tails  pinched.  Subsequently  the  two  larger  snakes 
gradually  recovered,  but  the  smaller  died.  Six  hours  after  removal  one  of  the 
two  larger  snakes  seemed  quite  normal;  but  the  other,  although  active  and  even 
restive,  showed  by  its  wavering  head  and  lack  of  co-ordination  when  endeavor- 
ing to  crawl,  that  it  was  still  affected,  and  this  condition  continued  for  at  least 
5  additional  hours.  Subsequently  it  recovered  completely. 

The  foiu  th  lot  remained  5  hours  in  the  deejjfree/c  and  was  removed  at  a  tem- 
perature of  about  -l  l'j^C.  (G'^V.).  'I  hcv  were  frozen  solid,  'l  luee  hours  later 
they  still  had  not  thawed:  ihiy  were  conijjieiely  thawed  hours  alter  removal 
but  seemed  quite  dead.  Ihey  were  then  placed  in  warm  water,  upon  which 
they  squirmed  somewhat,  but  none  recovered.  Differing  from  the  snakes  in  the 
other  lots,  the  smallest  snake  in  this  series  showed  signs  of  life  longer  than 
the  others. 

I  think  we  may  infer  from  these  experiments  that  prairie  rattlesnakes,  par- 
ticularly adults,  on  the  way  to  their  dens,  might  encounter  a  sudden  drop  in 
temperature  that  would  render  them  quite  helpless  and  even  partly  frozen,  yet 
they  would  still  recover  if  a  suitable  rise  in  tcmperatiue  followed.  Whether  a 
rattlesnake,  fro/en  to  stiffness  throughoia,  can  recover,  as  has  Ijcen  stated  by  some 
published  accoiuits  and  by  several  of  mv  corresjiondents,  I  do  not  know.  But 
certainly  it  has  been  shown  that  they  can  withstand  several  hours  below  freez- 
ing (0°  C;  32-^  F.). 

C  M.  Bogert  has  advised  me  that  he  maintained  specimens  of  pricei,  lepidus, 
horridus,  molossus,  atrox,  and  scutulatus  at  4**  C.  F.)  for  about  10  days. 

Those  belonging  to  the  first  four  species  lived;  the  others  died.  C.  atrox  and 
scutulatus  are  lowland  forms,  accustomed  to  less  rigorous  winter  climates  than 
the  others.  Additional  tests  are  contemplated;  meanwhile  it  is  indicated  that 
there  are  dilTerenc(s  between  species  in  tlieir  power  to  survive  protracted  cold. 
Hansen  (H*,')  !,  p.  200)  presumed,  from  the  (ondition  and  actions  of  some  trapped 
snakes  that  were  left  oiu  in  snow  overnight,  that  rattlesnakes — in  this  case  C.  v. 
Intosus — arc  more  susceptible  to  cold  than  gopher  snakes  (l^ituophis),  but  arc 
less  adversely  alfected  tiian  king  snakes  {L(improl)ellis)  or  racers  (Masticopliis). 

Bailey  (1949,  p.  241)  found  that  garter  snakes  could  withstand  a  minimum  tem* 
l^erature  of  about  -2°  C.  (28.4°  F.)  for  from  18  to  28  days. 

An  important  temperature  stratum  in  the  life  history  of  the  rattlesnake  is 
tliat  whidi  Cowles  and  Bogert  (1944,  p.  277)  call  the  critical  minimum — ^the  tem- 
perature causing  a  cold  narcosis  that  prevents  lomomotion,  and  thus  renders 
the  snakes  unable  to  defend  themselves  against  enemies,  or  to  relieve  a  thermal 
impasse,  if  they  have  not  already  reached  a  sanctuan'.  T  hey  found  (p.  286)  the 
Avestern  diamond  (C.  ahox)  capable  of  siiniulated  movement  at  \  \°  C  (37°  F.), 
and  some  natural  activity  at  18°  C.  (64.5*  F.).  1  he  sidewinder   (C  cerastes) 
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showed  some  natural  activity  at  10°  C.  (61°  F.),  although  not  normally  active 
until  temperatures  of  17.5°  to  lO""  C.  ((53.5°  to  (>?-  I"  )  were  reached. 

T  experimented  with  several  rattlers  ot  various  sj)c(rs — a  red  diamond  (C.  r. 
ruber),  4  Great  Basins  {C.  i>.  httosus),  2  southern  Pacifies  [C.  f.  Jirllrri),  and  a 
southwestern  speckled  rattler  (C.  m.  pyrrhus) — and  found  them  capable  of  ac- 
tivity at  temperatures  well  below  those  dted  by  Cowles  and  Bogert.  They  were 
first  tested  at  a  constant  room  temperature  of  15**  C.  (59°  F.).  Although  sluggish 
and  loath  to  move  unless  disturbed,  they  seemed  in  possession  of  all  their  facul- 
ties. With  a  little  uiging  they  crawled  purposefully;  they  coiled,  rattled,  pro* 
truded  their  tongues,  and  faced  me  when  I  mo\  ed. 

The  same  snakes  were  tested  after  being  kc|jt  all  night  at  11°  C.  (52°  F.),  the 
experiment  continuing  on  the  following  morning  in  a  room  at  this  temperature. 
They  could  crawl,  a  little  hesitatingly,  but  (piite  effic  iently.  I  hey  <ould  see 
movements  and  protruded  their  tongues  in  the  usual  way.  All  would  rattle, 
although  more  slowly  than  customarily;  the  sound  was  faint  and  more  of  a 
buzz  than  a  hiss.  All  snakes  would  adopt  a  defensive  coil  when  annoyed,  but 
only  the  southern  Pacific  rattlesnakes  (C.  v.  helleri)  would  strike.  The  strikes 
were  slower  and  shorter  than  normal.  The  forward  motion  of  the  head  could 
be  seen,  as  well  as  the  opening  of  the  mouth  during  the  lunge,  which  is  impos- 
sible in  a  normal  strike.  When  turned  on  their  backs,  these  snakes  had  no  trouble 
in  righting  themselves.  It  was  observed  that  the  red  ilianiond  (C.  r.  rtiber)  woidd 
only  crawl  if  annoved:  and,  if  threatened  by  brushing  it  with  a  towel,  would 
hide  its  head  in  the  tciUcr  of  its  coil,  inslcatl  of  adopting  a  fighting  pose.  It  was 
noted  that,  when  liiese  snakes  elevated  their  heads  for  any  reason,  there  was 
some  wavering  of  the  neck. 

The  same  snakes  were  subsequeiuh  j^laced  in  the  vegetable  room  at  the  San 
Diego  Zoo  where  the  temperature  was  maintained  at  5*^  C.  (41**  F.).  Here  they 
were  left  for  28  hours,  after  which  their  reactions  were  tested  while  they  were 
still  in  the  room  and  therefore  subject  to  no  external  temperature  variation.  All 
snakes,  except  the  nibrr.  would  assume  a  fighting  pose  if  annoyed,  and  would 
rattle,  but,  as  before,  only  the  southern  Pacific  rattlers  would  strike.  The  strikes 
were  again  short  and  slow,  with  the  ojjen  mouths  distinctly  seen.  One  struck 
only  about  8  incites  at  a  person  fully  3  feet  away,  well  beyond  reach  of  a  rattler 
of  this  size  even  under  favorable  temperature  conditions.  That  they  retained 
their  faculties  was  shown  by  their  fadng  any  moving  object  and  the  frequent 
protrusion  of  their  tongues;  in  faa,  the  Great  Basin  rattlers  elevated  and  de- 
pressed their  tongues  as  rattlers  usually  do  when  in  their  striking  coils.  The 
SOUthweston  speckled  rattler  seemed  more  affected  than  the  Great  Basin  or 
southern  Pacific  rattlers;  it  coiled  with  difficuliy,  and  rattled  slowly  and  weakly, 
so  that  almost  no  sound  was  audible.  It  crawled  when  urged,  but  the  movt?- 
ments  were  not  fully  co-ordinated.  The  snakes  could  right  themselves  if  turned 
on  their  backs.  The  southern  Pacific  and  Great  Basin  rattlesnakes  seemed  to 
crawl  more  purposefully  than  the  others;  in  fact,  in  another  test,  a  Great  Basin 
rattler  kept  in  a  room  at  3.5^  C.  (38*^  F.)  long  enough  to  reach  this  temperature, 
crawled  around  the  edge  without  urging,  looking  for  a  place  of  escape,  mean- 
while flicking  out  its  tongue. 

The  fact  that  these  rattlers  were  quite  capable  of  movement  at  about  b°  C. 
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(41"  F.)  is  by  no  means  proof  that  they  would  escape  if  caught  on  their  way  to 
the  dens  at  this  temperature,  for  it  generally  recpiired  persistent  aTnu)\iiig  to 
stimulate  them  into  movement.  It  would  seem  that,  although  fully  capai)le  of 
motion,  they  would  probably  lack  the  necessaiy  urge  or  will  to  reach  a  refuge 
more  than  a  few  yards  away.  I  should  judge  that  at  temperatures  of  9*^C, 
(46.5°  F.),  or  below,  there  would  be  little  voluntary  motion  even  if  their  safety 
depended  on  it,  although  they  would  certainly  escape  if  the  temperature  subse^ 
quently  should  rise  again. 

The  lower  limit  of  temperatures  permitting  muscular  motion  upon  stinuda- 
tion  is  not  known;  it  probably  lies  between  1.5  and  4.5°  C.  (35  to  40°  F.).  We 
may  seriously  doubt  the  figiue  of  22'^  F.  given  by  Coahoma  (1902,  p.  G4)  as  rep- 
resenting the  body  temperature  of  a  snake  in  whidi  he  detected  movements. 

Swanson  (19521),  p.  168)  noted  that  captive  tiinbcr  rattlers  were  moderately 
alert  when  the  air  temperature  was  57°  F.  (13.9°  C.)  and  the  floor  of  the  cage 
was  60°  F.  (15S'*C.).  Fitch  and  Glading  observed  juvenile  northern  Pacifies 
active  and  alert  when  the  air  temperatures  were  64°  and  66°  F.  (17.8°  and 
18.9°  C). 

From  all  of  these  data,  I  should  conclude  that  adult  rattlesnakes,  if  thawed 
slowly,  may  recover  from  a  few  hours  of  subjection  to  a  temperature  of  -16**  C. 
(l'M\),  and  can  enduic  3°  C.  (37.4°  F\)  for  some  time,  measured  in  days  or 
more.  1  hey  can  crawl  and  show  .some  degree  ol  co-ordination  at  botly  tempera- 
tures of  5°  C.  (4P  F.),  but  prodding  is  required  to  make  them  move. 

Cowles  and  Bogert  (1944,  p.  287)  found  the  minimum  voluntary  tolerance- 
resulting  in  retreat  undergroundr-of  the  western  diamond  rattlesnake  (C.  atrox) 
to  be  18°  C.  (64.5°  F.)  and  of  the  sidewinder  (C.  cerastes)  17.5°  C  (63.5°  F.). 
Judging  from  field  experiences,  I  should  place  this  temperature  zone  somewhat 
lower,  say  at  least  16"  C.  (01°  F.)  for  tliese  desert  species,  and  but  slightly  higher 
for  other  forms  found  elsewhere  in  the  United  States.  After  all,  tlie  word  "volun- 
tary" dci>onds  on  circumstances  and  the  snake's  net cssiiies.  I  shoukl  judge  that 
a  rattler  that  had  not  yet  obtained  lood  tollowing  enieigeiice  in  the  spring  would 
be  voluntarily  active  at  a  lower  temperature  than  under  other  circumstances. 

Optimum  Temperature  Range 

Finally  we  come  to  what  Cowles  and  Bogert  call  the  normal  activity  range— 
the  range  of  greatest  comfort  and  bodily  well-being.  I  should  place  this — ^at 

least  for  our  Nearctic  rattlesnakes — at  between  20'^°  C.  and  32°  C.  (about  80° 
and  90°  F.),  centering  probably  at  about  29Vj*'  C.  (85°  F.).  At  this  temperature 
the  snakes  ate  alert,  their  muscular  activity  well  toned,  and  bodily  processes — 
digestion  and  gestation — at  an  ()|)tiinum.  .Again,  these  teniperatine  levels  refer 
to  llic  intcinul  tcmpeialuies  ol  the  snukcs — not  to  some  single  exterior  criterion, 

such  as  the  air  temperature  in  the  diade. 

The  following  are  some  of  the  opinions  expressed  by  my  correspondents 
on  this  point: 

In  the  Lower  Sonoran  Zone  of  Arizona  general  obiervations  would  lead  to  die  broad 

statcDH'tu  that  rattlesnake  activity  is  guvcrncd  l)y  gruuiui  and  air  temperature  and  rela- 
tive liiiinuiitv.  latlier  than  time  of  day  or  nifjht.  .\l>()iit  SO"  F.  seems  to  he  an  0|niinuin 
gruunil  and  au  temperature.  During  cloudy  days  when  this  condition  exists,  they  are 
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aclivr.  During  the  evenings  when  the  ground  and  air  arc  ccxiling  >.lowlv.  the  snakes  have 
ihe  longest  cuntiniious  period  of  these  conditions,  coupled  with  the  most  active  period 
of  the  rodents  upon  which  they  prey.  Let  W.  Arnold,  V.  S.  Fish  and  WSdlife  Serviee, 
Denver,  Colo. 

•o 

Rattlesnakes  prefer  temperatures  of  about  90°  F.,  and  are  most  active  at  this  tempera- 
ture. Phil  Kennedy,  U.  S.  Forest  Service,  Douglas,  Ariz. 

Rattlesnake  activities  seem  to  be  governed  to  qidle  an  extent  by  the  weather  and  tem* 
peraturr.  either  day  or  night.  That  is,  at  a  temperature  between  80°  and  90°  F.  they  are 
most  aiii\c.  Weather  cither  hotter  or  colder  than  that  mentioned  seems  to  be  unfavorable 
for  them.  Glenn  Flalhers,  V.     Forest  Serviee,  Camp  Crook,  S.  Dak. 

AmoniL;  ilic  published  accounts  settitig  lorih  the  preferred''  teiujx'raturc  ranges 
are  those  of  l  iuh  and  (ilading  (1917,  p.  107),  who  specify  80°  to  W)'  ¥,  for  nortii- 
ern  Pacific  rattlers  ai  the  San  Joacjuin  Experimental  Range.  Cowles  and  liogert 
(1911,  p.  286)  found  the  sidewinder  to  prefer  tempeiatures  of  31°  to  32°  C.  (88° 
to  89.5**  F.)»  when  given  a  free  choice  of  a  graded  series  of  temperature  zones. 
As  would  be  expected  of  this  desert  reptile,  this  is  toward  the  upper  limit  of 
the  preferred  temperature  zone  that  I  have  given  for  rattlesnakes  as  a  group. 

It  is  probable  that,  for  vivariums,  slightly  lower  temperatures  are  desirable 
than  seem  to  be  prefored  by  snakes  in  the  wild,  especially  since  they  need  hunt 
for  neither  food  nor  males.  Lederer  (1930.  p.  135)  kejJt  rattlesnakes  at  fiom  25° 
to  .32'  d.  (77^  to  89. G  ¥.).  lie  considered  a  daily  change  of  tempcratuie  desirable 
and  allowed  it  to  fall  to  18^  C.  (61.1°  F.)  nightly.  I.iieth  (1911,  p.  130)  recom- 
niends  abotit  25°  C.  (77°  F.)  for  snakes.  Allen  and  \eill  (IQSOd,  p.  7)  suggest 
about  24°  to  26"  C.  (75°  to  80°  F.).  C.  B.  Perkins,  at  the  San  Diego  Zoo,  prefers 
a  slightly  higher  average  figure — an  air  temperature  of  about  27*^  C.  (80°  F.)  in 
the  cages.  The  temperature  should  be  adequate  to  promote  digestion  and  to  afford 
adequate  bodily  well-being  to  repel  parasites  and  disease.  But  an  excess  tempera- 
ture speeds  up  the  body  processes  and  probably  shortens  life.  As  Rodbard  (1948, 
p.  414;  1953,  p.  138)  has  pointed  out,  an  increase  in  bcnly  temperature  increases 
metabolic  acti\ity,  as  indicated  by  oxygen  consumption,  general  activity,  respira- 
tory and  lu  art  rates,  blood  piessiiic.  and  circidatoix  latis.  .Ml  ol  these  are  essential 
to  a  ratile^nuke  in  the  wild  seaiching  tor  food  and  males,  and  ever  on  the  alert 
against  possible  attack  by  enemies.  But  in  captivity  a  slower  and  more  placid 
existence  is  to  be  desired,  and  probably  leads  to  a  longer  life. 

lEMPOKAL  VARIATIONS  IN  HABITS 

Ha\  ing  discussed  the  physiologital  temperature  limitations  of  rattlesnakes  and 
their  temperature  prefeiences,  I  shall  proceetl  with  the  second  phase  of  the  dis- 
cussion, namely,  the  effect  of  temperature  on  their  habits;  how  their  seasonal  and 
diurnal  activities  are  influenced  by  temperature;  their  various  methods  of  taking 
advantage  of  differences  in  microclimate;  and  the  extent  to  which  they  endure 

*  There  is  a  general  objection  to  the  use  of  the  term  "prefer"  as  having  an  anthropomorphic 

implication,  ^'ct,  ns  Cowlcs  and  Rogcrt  have  shown,  where  several  temperature  zones  are  avail- 
able, rattlers  du  shuw  a  preference-,  that  is,  they  exercise  a  choice,  and  it  is  difficult  to  describe 
their  responses  to  temperatures  and  temperature  duinges  without  inferring  preference  or  adection. 
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uncomfortable  and  even  dangerous  temperatures  to  attain  their  life  necessities 
of  food,  Tiiatcs,  and  security  from  enemies. 

To  this  end,  llicv  have  e\()lved  a  varieiv  ol  expedient  insiiiicts  Ami  may  react 
in  various  ways  lo  lake  ad\amagt  ol  laxorable  weather  and  to  protect  iliemselves 
against  its  deficicnces.  1  his  requires  both  seasonal  and  daily  adaptations  or  adjust* 
ments  to  thermal  conditions;  it  involves  going  underground  when  it  is  too  hot 
or  too  cold*  on  the  surface;  and  involves  taking  advantage  of  whatever  time  of 
day  or  night  produces  the  most  favorable  temperatures  for  surface  activities,  always 
provided,  however,  that  the  main  objectives  are  not  thereby  neglected.  Where 
food  or  mating  urges  require  activity  under  unsatisfactory'  temperature  condi- 
tions, a  compromise  is  made  and  the  snake  endures  discomfort  and  even,  lo  some 
extent,  danger,  lo  Neuiie  the  primary  objec  tive. 

It  should  be  poinietl  out  iliat,  regartlicss  ol  any  willingness  to  pursue  its  activi- 
ties under  unfavorable  temperature  conditions,  a  minimum  duration  of  adequate 
temperatures  must  be  available  if  the  species  is  to  survive;  for  such  temperatures — 
and  they  must  emanate  from  external  conditions — are  necessary  for  the  life  proc- 
esses of  digestion  and  gelation.  To  secure  these  periods  of  adequate  temperatures 
the  snake  indulges  in  basking,  although  with  some  sacrifice  of  safety  from  enemies. 

Seasonal  Variations  in  Activity 

Althougli  rattlesnake  activities  are  strongly  affected  by  temperatures — using  the 
term  in  the  broad  sense  of  the  thermal  impact  or  flux  from  the  surroundings 
that  produces  a  specific  body  temperature — this  does  not  mean  that  rattlers  are 
most  active  when  the  weather  is  most  propitious.  On  the  contrary,  spring  is  the 
time  of  greatest  activity,  for  they  are  hungry  then  after  their  long  winter  fast, 
and,  in  most  :n  ens,  this  is  tlie  mating  season  as  well.  .So,  although  spring  is  a  period 
of  behjw-optimum  tern perai mis  in  many  aieas,  the  rattlers'  activities  aie  then  at  a 
nia.\imimi,  and  in  s(ime  areas  they  not  infrequently  imperil  their  own  safety  by 
becoming  active  too  early. 

Beginning  in  1923  I  compiled  data  on  the  incidence  of  snakes  in  San  Diego 
County,  California,  tabulating  their  occurrence  by  months  and  life  zones  (Rlauber, 
192S,  table  1;  1931,  table  1;  1939,  table  16).  This  survey  comprised  some  17,000 
snakes,  of  which  3,637  were  rattlers.  The  rattlesnake  statistics  are  set  forth  in 
table  7:1.  I  have  omitted  fiom  this  table  2  specimens  of  C.  atrox  included  in 
former  tables,  but  now  believed  to  have  been  incorrectly  incorporated  in  the  San 
Diego  Cioinii\  («  iisus. 

These  ( ompilai ions  aic  pK  inised  on  records  of  snakes  pres(  nu  ti  to  tlie  Zoologi- 
cal Society  of  San  Dicgo  and  the  San  Diego  Society  oi  Natural  History,  and  on 
specimens  collected  or  observed  in  the  field  by  tlie  writer  or  his  associates  in 
these  institutions.  Since  the  rattlesnakes  of  San  Diego  County  do  not  congregate 
for  denning,  the  statistics  have  not  been  distorted  by  lai^  catches  at  dens.  There 
is  undoubtedly  some  distortion  owing  to  the  increased  human  activities  in  spring 
and  summer,  for,  after  all,  snakes  are  collected  when  people  an  loaming  about 
over  the  hills:  however,  this  distf)riing  factor  is  not  believed  to  be  a  serious  one, 
since,  in  this  area,  peoj;le  are  outtloors  much  ol  the  year. 

'I'he  (onceiuration  ol  rattlesnakes  in  the  spring  momhs,  centering  in  Mav,  is 

*lt  may  al.so  be  too  cold  for  activity  l>clou  ground,  but  al  least  the  snake  is  protected  truni 
enemies  while  comatose  from  cold,  and,  if  it  goes  deep  enough,  from  death  by  freezing. 
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clearly  evident,  although  one  of  the  four  subspecies  found  in  the  area,  the  red 
diamond  (C.  r.  ruber),  has  a  shVhtlv  earlier  peak  in  April.  Altogether,  more  than 
half  the  annual  (atch  is  made  in  the  thitc  months  of  April.  May,  and  |unr:  and 
this  same  projjortionatc  distribution  is  nottd  year  after  year,  with  a  slight  delay, 
of  two  weeks  or  so,  evident  in  years  of  unusually  heavy  spring  rains. 

It  is  important  to  observe  that  this  spring  peak  of  activity  seems  to  be  produced 
in  spite  of,  rather  than  because  of,  favorable  thermal  conditions,  at  least  in  some 
of  our  southwestern  areas.  True,  the  temperatures  are  nearer  the  optimum  than  in 
the  winter,  but,  by  and  large,  they  are  not  so  propitious  as  in  the  summer.  For,  in 
the  coastal  belt,  even  the  diurnal  temperature  rarely  reaches  the  preferred  zone 
of  80"  to  W  F.  in  the  summer:  and  although,  in  the  inland  valley  and  foothill 
zones,  the  diiurial  range  is  usually  within  this  teniperatine  zone  in  sunmicr,  it 
is  generally  below  in  the  spring.  It  is  only  in  the  desert  area  that  the  spring 
can  be  considered  the  most  favorable  season  from  the  thermal  standpoint,  and 
even  here  the  noctumality  of  the  snakes  causes  them  to  be  most  active  at  tem- 
peratures below  the  optimum.  A  further  proof  that  the  season  rather  than  the 
temperature  is  controlling,  is  evident  in  the  lack  of  a  corresponding  peak  in  the 
autunni  when  the  thermal  conditions  are  again  equivalent  to  those  of  spring. 

Although  there  are  available  no  statistics  of  any  other  area  covering  so  long 
a  period  as  these  fioni  San  Diego  County,  there  is  ample  proof  that  spring  is  the 
season  of  maximum  activity  of  other  species  and  in  other  areas.  At  one  time 
the  San  Diego  Zoo  received  large  iunnl)ers  of  rattlesnakes  collected  by  section 
crews  working  along  tlie  Santa  Fe  Railroad  in  central  Arizona.  The  rattlers  were 
caught  in  greatest  numbers  in  the  spring — earlier  at  the  lower  elevations,  later 
at  the  higher.  The  forms  most  plentifully  represented  were  the  western  diamond 
(C.  atrox),  the  Mojave  (C.  s.  scutulatus),  the  Arizona  black  (C.  v,  cerbems),  the 
Arizona  prairie  (C.  v.  vuntius),  the  northern  blacktail  (C.  m.  molossus),  and  the 
southwestern  speckled  rattler  (C.  m.  pyrrhus). 

Hunting  in  areas  other  than  southern  (ialifornia,  my  associates  and  I  liave 
found  the  (olkc  tin^^  uniformly  best  in  the  spi  ing:  this  lefers  to  su(  h  s|)e(  ies  as 
the  western  tlianiond  ((-.  airox)  and  the  Colorado  Desert  sidewinder  (C.  c.  Uttero- 
repens)  in  the  Colorado  Desert,  and  the  Panamint  rattler  (C.  m.  stephemi),  the 
Mojave  rattler  (C  s.  scutulatus)^  and  the  Mojave  Desert  sidewinder  (C.  c.  cerastes) 
in  the  Mojave  Desert, 

Fred  Lewis,  in  the  Cape  Region  of  Baja  California,  employed  Mexican  col- 
lectors with  great  success,  in  the  month  of  April,  to  round  up  large  numbers  of 
the  San  Lucan  diamond  (C.  r.  lucasensis),  with  lesser  numbers  of  the  other  two 
rattlers  occurring  in  that  district — the  San  Lucan  speckled  rattler  (C.  m.  mitchelli) 
and  the  Lower  California  rattlesnake  (C.  e.  enyo).  1  he  snakes  o£  that  area  do 
not  gather  in  dens,  so  iliis  was  not  a  hiln  i  inning  aggregation. 

Professional  collectors  at  Indian  Wells,  California,  and  Mohawk  and  Oracle 
Junction,  Arizona,  informed  me  that  they  found  rattlers  most  plentiful  in  the 
spring,  even  as  early  as  March  in  some  places. 

Fitch  and  Glading  (1947,  p.  106)  and  Fitch  (1949a,  p.  521)  found  that  the  north- 
ern Pacific  rattlesnakes  (C.  v.  oreganus)  on  th(  San  Joatjuin  Experimental  Range 
were  most  plentiful  in  .'\pril.  May,  and  Jinic.  Females  and  young  reached  their 
peaks  of  activity  slightly  later  than  adult  males. 
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Faiitin  (19 16,  p.  291)  fouiul  that  the  activitv  of  the  Great  Basin  rattlesnake 
(C.  V.  lutosus)  in  western  I  tah  did  not  reach  so  sharp  a  peak  as  has  been  indicated 
for  other  forms  in  other  areas. 

The  spring  peak  of  atiisity  is  not  rcstritted  to  the  rattlesnakes  of  tlic  South- 
west, or,  indeed,  to  rattlesnakes.  On  the  o>ntrary,  it  is  apparently  universal. 
Our  San  Diego  County  studies  (1939,  table  16)  have  shown  it  to  be  equally 
characteristic  of  the  many  other  species  of  snakes  found  in  this  area;  and  our 
collecting  experiences  have  shown  the  same  conditions  to  exist  in  other  areas 
throughout  the  Southwest.  Atkinson  and  Netting  (1927,  p.  42)  reported  that  75 
per  cent  of  the  niassasangas  collected  in  Pennsylvania  were  taken  in  April  and  May. 

Rattlesnake  atti\ity  is  not  to  be  judged  entirely  by  the  frequency  with  which 
snakes  arc  caught,  for  they  arc  most  evident  when  basking,  but  this  is  not  alwavs 
to  be  taken  as  a  criterion  of  activity,  which  might  more  properly  be  considered 
to  be  cruising  about  in  search  of  food,  mates,  or  hiding  places.  This  is  particularly 
true  at  the  time  of  entering  and  leaving  hibernation,  in  those  places  where  the 
rattlers  congregate  in  dens.  Here  the  snakes  lie  about  in  the  sun  for  a  few  days 
before  going  permanently  below  ground  in  the  fall,  and  similarly  they  take 
advantage  of  the  first  warm  hours  in  the  spring.  Anyone  coming  upon  such  aggre- 
gations might  judge  this  a  lime  of  peak  rattlesnake  activity;  and,  quantitatively, 
any  tabulation  of  collections  by  months  would  show  sharp  peaks  at  such  times. 
For  cxanijjlc,  C.  B.  Perkins,  collecting  at  three  prairie-dog  towns  near  Platteville, 
Colorailo,  took  JOS  prairie  rattlers  (C.  i'.  viridis)  within  a  period  of  22  days  in 
the  autumn  of  1931.  He  actually  collected  only  on  10  days,  for  the  dens  were 
unvisited  on  12.  But  during  the  previous  summer  he  had  visited  the  towns  almost 
weekly  (about  14  trips)  and  seciured  only  2  rattlers.  This  remarkable  discrepancy 
was  the  result  of  three  causes:  (1)  the  rattlers  had  spread  to  their  summer  ranges 
and  were  therefore  dis|x:rsed  rather  than  concentrated;  (2)  there  was  a  summer 
skimp  in  activity;  and  (^)  to  whatever  extent  there  was  activity  in  the  simmier, 
it  was  largely  nocturnal  and  theiefoie  the  snakes  were  not  in  e\  idencc.  Wilfred  1  . 
\eill  advised  me  that  the  capture  ol  easto  ii  (liamon(lt)a(  ks  (C.  (idnnuintriis)  in 
northern  i  iorida  i  caches  a  peak  in  I  cbruary,  not  Ijccause  the  snakes  are  most 
active  at  that  time,  but  because  they  spend  a  considerable  time  at  that  season 
basking  at  the  mouths  of  the  gopher-tortoise  holes  in  which  they  seek  their  winter 
seclusion. 

Oliver  (1947,  p.  8)  has  reviewed  the  data  published  on  the  seasonal  variation 

in  snake  acti\it\.  with  a  contribution  of  his  own  on  the  incidenc(  •!  tlie  tree 
snake  Tlnderopins  ricfiardi  nigrnniarsrinnlus  in  the  \  icinity  of  Itpiitos,  Peru.  This 
snake  shows  a  c onspicuoiis  March  peak  in)tu iihstanding  the  very  slight  \ariation 
in  the  moiulily  mean  temj)erature  at  this  locality.  While  the  rainfall  leaihes  a 
ma.\imum  in  March,  ilicrc  is  no  really  dry  season,  sonic  rain  falling  in  every  month. 

The  major  difference  between  our  San  Diego  results,  and  those  of  other  areas 
from  which  tabulations  are  available,  is  that  the  latter  all  showed  minor  fall 
peaks  of  activity,  a  condition  observed  in  only  a  few  San  Diego  County  subspecies, 
and  one  not  evident  among  the  rattlers,  with  the  possible  exception  of  the  side- 
winder (C.  c.  laterorepens).  Fall  peaks  may  be  caused  by  searches  for  food  when 
the  snakes  are  accumulating  their  winter  fat  reserves,  or  by  the  jircvah  iKe  of 
mnnbcrs  of  young  immediately  after  hatching  or  birth  in  the  early  autunui. 
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Oliver  (1947,  p.  13)  has  given  the  following  comprehensive  summar)'  of  the 
reasons  for  the  seasonal  fluctuations  in  the  number  of  sn:ikts  observed:  (I)  aggre- 
gation in  the  vi(initv  of  dens;  (2)  mating  ;i(ti\iiy;  {['>)  iiicrcasetl  food  icciuire- 
ments  following  hibernation,  decreasing  later;  (4)  basking:  (5)  variatioirs  in 
protective  cover  provided  by  deciduous  vegetation;  {(i)  change  from  diurnal  to 
crepuscular  or  nocturnal  habits;  (7)  rainfall;  (8)  seasonal  variations  in  human 
activity;  (9)  oviposition;  and  (10)  appearance  of  young-of-the-year. 

The  popular  supposition  that  rattlesnakes  are  lovers  of  hot  weather,  whereas 
spring  is  really  their  season  of  maximum  activity,  leads  to  i  c'])orts,  almost  annually 
in  the  press,  that  "rattlesnakes  arc  out  unusually  early  this  year.  "  This  is  particu- 
larly true  in  southern  California,  where  the  rattlers  do  not  congregate  in  dens, 
but  are  fust  seen  singly,  or  in  pairs  or  trios,  lying  about  the  t  ai  lus  |)atches  and 
granite  outcrops,  suiuiing  themselves  quite  carelessly  and  conspicuously.  As  this 
is  coincidentally  the  wild-flower  season,  it  is  natural  that  they  should  be  noticed 
by  motorists  and  hikers.  The  following  is  a  typical  newspaper  report.  It  is  from 
the  San  Diego  Union  of  March  28,  1926:  "Snakes  are  out  early  this  year  and 
apparently  there  is  a  goodly  crop.  At  least  reports  received  from  various  motorists 
and  campers  would  indicate  that  there  are  many  snakes  out  this  season.  .  .  .  Many 
old-timers  of  this  section  say  that  an  early  appearance  of  snakes  is  an  indication 
of  the  end  of  the  winter  and  the  finish  of  the  rainy  season." 

Effects  of  Reproductive  Cycle  on  Seasonal  Activity 

The  reproductive  cycles  of  rattlesnakes  affect  their  seasonal  activities  in  three 
principal  ways:  The  increased  activity  of  the  mating  season;  the  decreased  roam- 
ing of  the  females  when  heavy  with  young  but  under  the  necessity  of  maintainii^ 
a  temperature  adequate  to  gestation;  and  the  roving  of  the  young  themselves 
after  their  appearance. 

Along  the  southern  Ijorder  of  the  United  .States,  and  in  northern  Mexico,  rat- 
ilesuakes  noiiually  nuue  in  the  sjjring,  soon  after  cmcrgitig  from  hibernation. 
In  souie  insiantcs  they  have  been  observed  mating  at  the  dens;  l)ut  it  is  probable 
that  mating  nu)re  often  occurs  after  they  reach  theii  summer  ranges.  At  any 
rate,  mating  coincides  with  their  heaviest  feeding  period,  so  that  these  two  condi- 
tions combine  to  produce  the  annual  season  of  maximum  rattlesnake  activity. 

In  the  northern  latitudes  where  biennial  broods  are  the  rule  (see  p.  686),  the 
mating  season  may  be  largely  confined  to  autumn,  and  seasonal  activities  are  cor- 
respondingly affected. 

When  the  females  are  heavy  with  young  in  the  summer,  they  become  increas- 
ingly secietive  so  that  many  more  males  are  encountered  than  females.  At  such 
times  about  Iwifi'  as  uiaiiy  males  as  iemales  are  seen  abroad,  \vlieieas  at  the  dens 
llic  males  uuinunibci   the  females  by  only  about   10  per  (onl  (klauber,  I9;i(ib, 

p.  11).  Fitch  and  Glading  (11)17,  p.  107;  Fitch,  1949a.  p.  522)  noted  that  the 
activities  of  large  female  northern  Pacific  rattlesnakes  were  much  reduced  from 
July  to  October.  In  one  year,  out  of  21  females  of  this  size,  18  were  taken  before 
July  1. 

The  young  rattlesnakes  in  m()st  areas  are  born  bi  tween  August  1  and  October 
1.5,  centering  in  mill  September,  f  he  young  are  (juite  active  immediatelv  follow- 
ing their  appearance,  for  the  securing  of  food  is  almost  essential  to  their  surviving 
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the  tollowinjr  winter,  riiey  are  both  hll^^^y  aiul  iiiex periencetl,  and  consetjuenlly 
careless  of  concealment,  so  that  tliey  [lequenily  arc  (ouiul  roaming  in  the  daytime. 
R.  B.  Cowlcs  calls  attention  to  the  fact  that  there  is  a  widespread  phenomenon 
of  dispersal  of  the  young  of  land  vertebrates  in  the  search  for  shelter  and  dens  of 
their  own»  and  this  may  also  be  effective  in  making  them  careless.  Fitch  (1949a, 
p.  522)  noted  that  young  northern  Pacific  rattlers  emerged  earlier  in  the  evening 
than  adults.  He  also  reported  that  the  y()ung  rattlers  reached  a  spring  peak  of 
activity  somewhat  later  than  the  adults.  The  adults  were  often  discovered  in 
April,  as  they  were  then  mating,  whereas  the  young  were  caught  in  greatest  num- 
bers in  May. 

Jackley,  Peikins,  and  otiiers  who  have  studied  prairie  rattlesnakes  (C.  x>.  x'iridis) 
at  their  dens  report  the  large  males  as  the  first  snakes  to  emerge.  The  same  early 
activity  of  the  males  was  noted  by  Fitch  (1949a,  p.  521)  at  the  San  joatpiin  £\|>eri- 
mental  Range,  although  there  the  snakes  do  not  aggregate  in  denning,  but  seek 
seclusion  singly  or  in  small  groups. 

Di  NMNG  Datks  and  iHt  RisK  oi  Immoiui  rrv 

It  hardly  needs  to  be  stated  that,  with  the  close  dependence  ol  raiiksnakes  on 
exteiior  temperatures,  the  dates  on  whicli  they  enter  and  leave  hibernation — the 
length  ol  their  active  season  dcjjentl  on  latitude  and  akitmle  ami  oihn  fea- 
tures that  affect  local  climatic  conditions.  V'olspe  (1911,  p.  11)  has  shown  that 
the  European  viper  is  active  during  seasons  that  vary  from  as  long  as  270  days 
per  annum  in  southern  Europe,  to  only  90  days  in  the  north. 

Under  the  mild  conditions  that  exist  in  coastal  southern  California,  rattlers 
are  out  of  sight  most  of  the  time  from  December  1  to  March  1;  but  whenever 
there  is  a  warm  spell,  raising  the  tcmpcratmcs  into  the  80*s  for  several  days,  the 
snakes  may  be  found  sunning  themselves  on  the  rocks.  .Similar  conditions  occur 
elsewhere  along  the  southern  border  of  the  United  States: 

We  saw  ratilcsnakcs  in  the  Rio  Grande  Canyon,  above  the  junction  with  Cothiti  Ortk. 
up  on  the  hillsides  sunning  iheniselves  in  the  middle  of  ivinler.  The  hillsides  arc  vci)  di) 
and  littered  with  lava  formatioiu  and  brush.  /.  A.  Rodriguez,  U,  $.  Forest  Service,  Pecos, 
N.Mex. 

At  Somerest,  Texas,  A.  J.  Kim  kept  a  record  for  nine  years  of  the  date  when 
the  first  western  diamond  rattler  was  encountered,  with  the  following  results: 

19Z4,  April  24  1930,  April  30  1939,  April  15 

1926.  April  21  1935,  April  IS  1945,  March  4 

1927.  April  27  1937,  March  10  1947.  Febniary  12 

Occasionally  rattlers  are  found  active  in  the  winter  in  areas  of  a  more  rigorous 
climate,  as  for  example,  in  New  Jersey  (Conniff,  1948.  p.  49)  and  Pennsylvania 

(Pennsylvania  Game  Xeivs,  vol.  22,  no.  11,  p.  30;  and  vol.  23,  no.  1,  p.  52,  1952). 

Fitch  and  Glading  (1947.  p.  107;  Fitdi,  1919a,  p.  517)  reported  a  general  emer- 
gence from  hibernation  of  the  northern  Paeific  rattkts  (C.  x'.  orciranns)  on  tlie 
San  joacpiin  llxperimental  Range,  Madera  County,  Caliioinia,  on  the  following 
dates:  1938,  .April  11;  1939,  March  IG;  1910,  March  19.  The  effect  of  the  sc  veie 
1938  winter  is  indicated.  A  rise  in  temperature  above  70"  F.  was  usually  a  Mgnal 
for  a  general  emergence. 
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Vetas  (1951,  p.  16).  in  a  study  of  tlie  activities  of  Ci  (  at  Basin  rattlesnakes  (C.  v. 
lutosus)  at  a  den  near  Salt  Lake  C^ity,  obscrvetl  in  19  I'J  tliat  the  first  rattler  appeared 
on  April  12:  only  five  came  out  before  Aj^ril  21.  Peaks  of  emergence  were  observed 
on  May  ;5,  10,  and  2-}.  I  he  last  rattlers  left  the  dt:n  on  May  2S.  I  hese  dates  were 
somcwiiat,  but  not  solely,  related  to  warm  spells.  An  air  temperature  of  65°  F. 
(I8.S^  C),  as  a  daUy  maximuin,  seemed  to  be  a  signal  for  the  exodus  to  begin; 
at  this  time  the  body  temperatures  of  the  emerging  snakes  were  about  48^  to  50** 
F.  (8.9**  to  10.0**  C).  Although  rattlers  began  to  come  out  in  numbers  when  the 
maximum  daily  temperature  reached  65°  F.  (18.3**  C),  the  peak  of  emergence 
occurred  at  74®  F.  {2S.i°  C),  and  practically  all  had  left  when  the  maximum 
diurnal  air  temperature  reached  8:V  1  (28. .T^  C).  The  emergence  in  the  spring 
was  foiuul  to  be  more  closely  regulated  by  warm  daytime  tem|)eratincs  than  was 
the  ingress  in  the  fall,  which  was  sjiread  over  a  wider  rangt-  of  daily  temperatures. 

A.  C.  Matkic  has  this  to  say  about  the  seasonal  activities  of  the  northern  Pacific 
rattlesnakes  near  Vernon,  British  Columbia: 

Tlie  date  of  their  emergence  from  the  dens  iiaiurally  varies  willi  ilic  season.  In  1931, 
193S.  1994,  and  19S6.  the  date  varied  from  April  21  to  26.  though  it  is  probaUe  that  earlier 

dates  would  have  been  recorded  had  I  visited  the  dens  sooner.  In  1935,  1937,  1938,  and  H)39, 
it  v.Trird  from  April  10  to  1 ).  Sprint;  eainc  curlier  the  next  ,'?  years,  nnti  T  killed  in\  first 
snake  on  March  Z-i.  1940;  March  12,  I'Jll;  and  March  30,  1942.  In  1943  they  lust  emerged  on 
April  10,  in  spite  of  their  uniuually  early  hibernation  and  the  severe  cold  of  the  winter. 
The  dale  for  their  final  appearance  is  less  definitely  known,  as  I  seldom  hunt  them  in  the 
fall  In  Ui:!l,  1932,  and  1034,  the  last  were  seen  between  Ortoher  1  and  11.  In  1937  one  was 
killed  on  October  24,  an  unusually  late  date.  Mid-October  roughly  marks  the  dose  of  the 
season.  Normally  they  are  abroad  for  just  about  6  months. 

Sidjsccjucnily.  Mr.  Mackie  sent  me  each  year  a  record  ol  the  date  when  the  hrst 
and  last  rattlers  were  seen,  as  follows: 


Earliest  Latest 

Year  date  date 

194,'.  April  1  Odolwr  6 

1946                                                             "    15  SeptemljerlO 

1947                                                        "5  "  26 

1948                                                             "8  ■•  12 

1949                                                                "10  "  11 

1950   March  30  "  28 

1961  April  7  "  19 

19-.2                                                                  "IS  "  M 

19j3                                                               •■      6  October  1 1 

1954                                                                "IT  "  IG 


I  have  detailed  elsewhere  (p.  560)  the  residts  of  C.  B.  Perkins'  experiences  with 
the  prairie  rattlesnake  (C.  v.  niridis)  in  the  vicitiity  of  Platteville,  Colorado.  In 
two  successive  years  he  loiind  the  peak  ingoing  concentrations  on  October  1^ 
and  14;  and  the  outgoing  about  April  17  to  19. 

A.  M.  Jaickley  advised  me  that  the  period  of  emergence  of  this  subspecies  in 
South  Dakota  extends  from  April  25  to  May  15.  There  is  more  variation  in  the  fall 
because  of  variable  weather  conditions,  the  dates  of  aggregation  ranging  from 
September  20  until  almost  the  end  of  Octobo*. 

Sweet  (1951,  p.  55)  says  that  in  Montana  the  prairie  rattlesnakes  come  out  to 
lie  around  the  den  entrances  about  May  1,  but  it  must  be  sunny  and  not  too 
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windy  or  tin  y  (nil  to  aj)p(  ar.  They  arrive  hack  at  the  dens  as  early  as  niid  Scptcm- 
ber,  but,  again  depending  on  the  weather,  tliey  may  not  disappear  for  good  until 

niid-Xovember. 

The  lollowing  are  a  lew  iiiisceHaneous  observations  on  early  and  laie  reroicis: 

Ralllcrs  appear  in  the  spring  Ix^inihng  the  latter  part  of  April,  and  have  l>een  seen  as  late 
as  December  2.  This  last  date  was  on  the  Madison  River  in  1939.  MeHin  A.  Stock,  V,  5. 
ForM<  Service,  Twin  Palls,  Idaho. 

o 

Tlu  (>:nli('>t  I  fia\r  seen  a  Pacific  ratikr  in  nonlu'in  ralifornia  was  on  lhe2lt)^  <>f  Vpril  on 
the  liJamath  River  near  Hornbrook,  and  the  latest  was  in  October  shortly  before  the  dose 
of  deer  seaaon  (Octolier  15),  at  the  south  end  of  Tule  Lake.  However,  I  once  killed  a  Great 
Batln  rattlesnake  on  the  24th  of  October  alxiut  GO  miles  north  of  Ely,  Nevada,  when  the 
temperatures  were  going  down  to  around  lO"  or  12'  F.  above  lero  at  night.  Louis  Olive, 
Aituras,  Calif. 

■o- 

One  rattlesnake  was  observed  and  killed  as  late  as  October  27,  1937,  a  cold,  damp  day.  It 
was  crawling  around  very  dt^gishly  near  the  cast  fork  of  Squaw  Creek.  Usually  they  an- 
not  seen  so  late  in  the  season,  unless  it  is  hot,  dry  weather.  Another  was  heard  on  October 
24th,  but  escaped  in  the  rocks,  A.  L.  Parker,  I'.  S.  Forest  Sen-ice,  Ydalpom,  Calif. 

ConnifT  (1918,  p.  49)  places  the  dates  of  entrance  ol  the  Umber  rattler  (C.  h. 
horridus)  in  New  Jersey  at  mid  Septenibei ,  and  their  enierq;cnf  <•  at  niid-.Vpril. 
Million  (1950.  jj.  322),  wiiiing  of  the  eastern  niassasauga  in  Indiana,  says  they 
cnicit^e  from  hibernation  late  in  .Vpril,  but  stay  at  the  dens  lot  a  inc^ntli  before 
dispersing.  They  are  back  at  the  dens  late  in  August  but  do  not  go  underground 
finally  until  mid-October.  This  is  a  longar  stay  at  the  dens  than  is  believed  cus- 
tomary with  other  species. 

Cowles  (1941,  p.  135)  reports  that,  in  the  vicinity  of  Indio,  California,  the  side- 
winder (C.  c.  laterorepens)  usually  comes  out  during  the  first  week  in  A|n11.  A 
western  diamond  (C.  (itrox)  was  found  active  as  late  as  Det  enibei  18. 

The  risk  of  a  sudden  coltl  spell  is  more  serious  in  tlte  fall  than  in  the  spring, 
for  in  tlie  lornicr  case  the  rattlers  may  be  chilled  and  immobilized  at  a  distance 
from  tlie  dens  and  the  succeeding  temperatures  will  lend  to  be  lower,  while  in 
spring  they  are  more  likely  to  be  taught  at  the  dens  where  they  need  only  go 
back  underground  for  safety,  and  the  trend  is  toward  rising  temperatures.  It  is 
obvious  that  the  shorter  the  active  season  the  more  chances  rattlers  must  take 
with  adverse  weather,  in  order  to  fulfill  their  food  and  mating  requirements  in 
the  limited  time  available. 

That  this  mattri  of  enforced  immobility  is  often  of  vital  importance  to  snakes 
beset  with  a  sudden  cold  snap,  while  iin  their  way  to  tlie  dens  for  hibernation 
below  the  frost  line,  is  evident  from  the  following: 

Earlv  one  Octohcr  ,il)<»iit  iliirr  iinhcs  of  snow  had  fallen  and  c:oinparati\clv  few  i.iltlois 
had  reached  the  dens.  Iniuiciliately  following  this  storm,  the  wcadier  became  dciij^htlull y 
warm  dnring  the  day  and  the  snow  quickly  melted.  The  second  day.  aher  practically  all  of 
the  snow  was  (;one,  a  party  of  several  men  \isiied  a  den  hi  Stanley  Clounty  al>out  noon. 
1  his  din  was  situated  on  the  west  bank  of  a  deep  gulch  and  the  snakes  coming  from  ili<- 
east  had  to  cross  it.  Il  ,so  happened  ihai  a  strip  of  snow  alxmt  a  )aril  wide  and  e\(en<ling 
along  the  bottom  of  this  ditch  had  not  melted.  Singular  as  k  may  seem,  eleven  raitlem. 
mostly  of  large  size,  atltMupte*!  to  cross  the  snow  Imi  touldn't  make  it.  One  was  stretched 
out  across  the  snow,  too  stilf  to  coil,  and  the  others  lying  dose  by  could  scarcely  move.  So 
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thcs<'  snakes  wen-  iiii;il>lc  lo  iviiili  tlie  den  uliidi  was  no  nioir  ilian  :UH)  fcrt  ;i\va\.  At  the 
dcu  there  was  a  large  nimilni  that  had  not  eiituiniteied  this  uhsladc.  A.  M.  Jarklty.  I'ieiie, 
5.  Dak. 

It  is  to  Ik:  jjusimu'il  tluiL  tlu-sc  snakes  woultl  have  revived  willi  ihr  wainicr 
day  and  reached  ihc  dcii;  but  llicic  uuist  Ix-  many  tascs,  and  Mi.  jackky  has 
reported  some,  in  which  the  weather  change  was  too  protiatted  and  ilie  tempera- 
ture reached  too  low  to  permit  recovery/  The  following  is  an  illustration: 

Last  winter.  Juscpli  rouloiise  and  I  were  on  a  routine  impcclion  at  Chacu  Canyon  National 
Monument.  While  dimbinf^  one  of  the  low  hills,  we  were  startled  by  the  sight  of  a  rattler 

sttclrhcd  np  thr  hill.  We  saw  at  onte  that  then-  was  no  m  cti  l<»  ht-  alarmed  because  the 
snake's  head  was  in  a  patch  of  snow.  It  had  apparently  l)een  dying  to  reach  a  small  Icclgc 
and  had  succumbed  to  the  cold.  .\  snowstorm  had  fro/en  its  carcass  and  it  had  gradually 
dried  out  but  still  looked  very  lifeliiie.  Louis  R.  Caywood,  National  Park  Service,  Santa  Fe, 
N.  Mes. 

Short  temperature  choj^-s  resulting  in  immobility  are  of  little  importance  to  a 
snake  unless  dangerously  low  levels  are  reached  or  the  snake  is  attacked  by  some 
enemy  while  helpless.  It  is  by  no  means  unusual  to  find  snakes  chilled  into  com- 
pletc  lethargy  in  the  early  moi  ning  dui  ing  their  active  seasons.  1  ins  is  even  the 
case  in  mountain  areas  in  the  iiopics  (Pitman,  1938,  p.  9)  and  is  of  frequent 
ocnnicnre  in  desert  mountains  (Merriam  in  Stejneger,  IS'J.'i,  |).  217). 

Rattlers  are  occasionally  seen  on,  or  close  to,  snow  banks.  Kaullelcl  (I'.l.'Ma.  p. 
.'J3())  mentions  a  bla(klail  (C.  ///.  tnolossus)  found  in  the  Huadnua  Mountains 
late  in  November  with  a  thin  covering  of  snow  on  the  giound.  I  have  one  report 
of  a  northern  Pacific  rattler  (C.  v.  oreganus)  on  the  edge  of  a  patch  of  snow  in 
Placer  County,  California,  in  June;  and  a  Great  Basin  (C.  v.  lutosus)  on  four 
inches  of  snow  in  Idaho  at  an  elevation  of  7,000  feet.  Nelson  S.  Stone,  of  Campton- 
ville,  California,  writes  me  that  he  has  seen  rattlers,  upon  emerging  from  their 
den  following  two  days  of  exceptionally  warm  weather  in  early  April,  actually 
crawl  over  snow  drifts. 

Baluock  (192'),  p.  9;   1  eale.  )).  70)  tells  of  a  snake  catch  reported  in 

Massachusetts  in  IHM.  .V  snake  luiniei  built  a  lui'  In  ioie  a  cU  ii,  luud  tiie  snakes 
out,  and  then  liung  them  in  the  snow,  which  chdled  them  so  that  none  escaped. 
But  it  may  be  questioned  whether  any  snakes  would  emerge  from  a  den  because 
of  the  heat  of  a  fire. 

Enforced  immobility  through  chilling  in  a  refrigerator  is  sometimes  used  in 
handling  snakes,  as,  for  example,  when  a  minor  operation  is  required,  or  to  quiet 
a  rattler  for  jihoiographing. 

It  sliould  be  noted  that  infringing  on  or  extending  the  voluntary  mim'nutm, 
under  spring  conditions  on  tlie  desert,  is  Iraught  with  less  danger  than  encroach- 
ing on  the  volintlary  m.ixinnuu,  and  the  need  of  violating  cilhei  miniuunn  or 
ma-ximum  octuis  at  seasons  ot  greater  activity  with  respect  to  the  former  than 
the  latter.  For  spi  ing  in  particular  is  the  season  of  greatest  rattlesnake  activity, 
because  of  the  demands  of  hunger  after  hibernation,  and  of  mating;  and  autumn 
is  also  a  time  of  feeding  in  preparation  for  winter.  Summer,  on  the  contrary,  is  a 

'Pausanias,  the  C;reck  traveler,  writing  in  the  sc-cond  century  .\.i>..  niadr  the  same  observation  on 
the  snakes  of  Arcadia,  for  he  noted  that  "the  snakes  die  that  are  cut  oif  by  the  snow  from  their 
holes"  (Jones  translation.  1918-35.  vol.  3,  p.  425). 
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season  ol  t  dative  inac  tivitv,  so  thai  the  ralllci  s  aic  not  under  prcssuic  lo  tre  spass 
on  the  diuinal  dangers  ol  excessive  heat.  Thus  I  thuik  it  likely  that  most  rattle- 
snake species  find  it  expedient  to  endure  temperatures  colder  than  the  optimum 
more  often  than  warmer.  One  seldom  finds  a  rattlesnake  under  conditions  that 
seem  notably  hot»  whereas  it  is  not  unusual  to  find  them  out  when  the  tempera- 
tures  are  surprisingly  low.  For  example,  on  April  15  at  10:^  p.m.,  at  Garnet  in 
Riverside  County,  California,  I  found  a  Colorado  Desert  sidewinder  (C.  c.  latero- 
repens)  out  on  the  road  with  the  temperature  59®  F.  (I')^  C).  1  here  was  a  strong, 
cold  wind  sweepint^  tlie  ground,  and  1  have  little  tlouht  that  the  snake's  l)ody 
was  at  about  the  same  temperature.  Although  it  moved  sluggishly,  it  was  in  no 
difficulty. 

In  summary,  ii  .tp|>ears  tliat  the  active  season  of  rattlesnakes  in  the  United 
States  varies  from  5  months,  in  the  north  and  at  liigher  elevations,  to  9  or  10 
months,  or  even  longer,  along  the  southern  border.  Where  the  seasons  are  less 
severe,  the  time  limits  of  activity  are  less  sharply  drawn.  There  is  a  sharp  peak 
of  activity  of  rattlesnakes  in  the  spring;  this  peak  is  not  the  result  of  favorable 
temperatures,  and,  in  fact,  in  many  areas,  occurs  despite  unfavorable  tempera' 
tures,  but  it  is  the  time  of  mating  and  of  tiie  heaviest  food  requirements. 

Rattlesnakes  as  Weather  Indicators 

Though  rarely,  rattlesnakes  have  been  considered  weather  indicators — ^reptilian 
ground  hogs  of  a  sort.  T.  C.  Elliott  (1910,  p.  585)  quotes  the  journal  of  Peter 
Skene,  vnitten  November  18,  1828,  on  the  upper  reaches  of  the  Humboldt  River: 
**At  this  season  last  year  we  were  surrounded  by  snow  and  ice.  Weather  is  mild 
as  September  and  the  rattlesnakes  have  not  yet  gone.  This  gives  us  hope  the 
winter  will  l)e  mild." 

.Some  ol  my  t orrcsjKjndcnls  have  suggested  that  rattlers  were  seen  boiuid  for 
their  dens  at  early  dates  when  particularly  cold  winters  were  experienced,  even 
before  the  effects  of  the  coming  severe  season  were  evident 

Whether  rattlesnakes  are  weather  prophets  I  cannot  say,  but  in  1942  they  arrived  in  the 
neighborhood  of  their  dens  toward  the  end  of  August,  that  is,  nearly  a  month  Ixfbre  their 

nnmial  time;  and  the  ensuing  winter  was  unusually  long  and  Severe.  It  may  have  been 

merely  a  coincidenre.  A.  C.  Mackie,  Vernou,  B.  C. 

Although  their  dates  of  entering  and  leaving  hibernation  are  undoubtedly 

afTcctcd  hv  seasonal  variations,  ther<"  is  no  real  evidence  that  rattlers  can  antici- 
pate atKerse  conditions  in  the  maimer  so  often  attributed  to  animals.  In  [act, 
the  Irecjueiuy  with  which  they  are  caught  and  innnobili/c-d  on  the  way  to  their 
dens  by  a  sudden  cold  snap  should  be  convincing  evidence  that  they  lack  tiiis 
reputed  power. 

SuMNf  ER  Migrations  and  Estivation 

Migrations  of  rattlesnakes  toward  their  dens  in  tlie  fall  and  away  froin  them  in 
tfic  spring'  have  been  discussed  elsewhere  (pp.  587  and  (iO.'').  It  is  probal)le  that  they 
must  sonu  times  travel  as  mm  h  as  2  miles  oi  more  to  leac  li  their  dens,  but  oidi- 
narilv  the  distance  is  piobablv  less  than  a  mile.  Siiuc  siiiial)!t  lotky  out(i()j)s 
aie  usually  on  hillsides,  the  spring  migration  is  likely  to  be  downhill  tcj  the  valleys 
below. 
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Several  of  my  corrcsjjondents  suggest  that  there  may  also  be  summer  migrations, 
for  examf)Ic,  downhill  lor  water  in  dry  seasons,  or  to  mountain  tops  for  coolness. 
Presumably  these  mimraiions.  if  at  all  u  vular  and  aliediiig  any  ( ou^icltiablc  pro- 
portion of  the  rattlesnake  population,  must  depend  on  local  topographic  and 
seasonal  c«Muiil ions. 

During  the  later  summer,  and  early  fall,  man)  rattlers  move  from  the  high  elevations,  and 
from  die  ridge  tups,  down  along  streams  and  into  the  cooler,  shady  coves.  John  H.  Stanley, 
S.  Forest  Service,  Andrews,  N,  C. 

Weather  conditions  during  the  summer  season  have  a  considerable  ettcct  upon  the  range  of 
rattlesnakes.  I'hc  past  season  having  been  ({uite  wet  and  cold,  naturally  the  snakes  were  held 
to  a  lower  level  than  would  have  been  the  case  during  a  drouth  or  dry  period,  when  they 
are  found  at  higher  elevations.  F.  L.  Archer,  Lander,  Wyo. 

Along  in  the  early  suninicr  rattlers  come  out  of  the  mountains  down  into  the  lower  country 
and  valleys,  where  the  ground  is  wetter  and  cooler,  and  here  tliey  stay  until  it  starts  to  get 
cold  in  the  foil  of  the  year.  They  then  go  hack  into  the  hills  to  their  dens.  OUie  Co*,  U.  S. 
Fish  and  Wildlife  Service,  Eureka,  Nev. 

•o 

After  rattlers  come  out  ut  their  dens,  in  the  spring,  they  migrate  to  higher  country  where 
it  is  cooler  and  also  there  is  more  moisture.  W.  D.  Royster,  U.  S.  Forest  Service,  Paulina,  Oreg. 

>*> 

One  June  we  were  disturbed  by  rattlesnakes  crawling  into  our  camp  between  three  and 

four  in  the  afternoon.  This  cnnip  w.is  located  in  tlie  Sierras  al)()ut  20  miles  above  the 
Calaveras  grove  of  Big  Trees.  1  he  forest  ranger  called  it  a  "rattlesnake  summer."  .\s  you 
know,  we  experience  such  cycles  of  abundance.  It  is  when  one  of  these  cycles  occurs  that  the 
snakes  move  down  from  the  hills  onto  the  valley  floor.  I  have  always  felt  this  to  be  caused  by 
a  shortage  of  food  in  their  natural  feeding  range,  a  result  of  overpopulation.  Esther  L. 
Guthrie,  Sacramento,  Calif. 

That  rattlesnakes  cstivatc — using  the  term  to  indicate  a  complete  suspension  of 
activity — is  to  Ix  doubted,  although  a  reduction  of  activity  during  the  summer  is 
(juite  uoiinal  and  has  been  noiicl  by  many  obst  i\(  is.  Hibernation  is  forced,  in 
UK^sl  aie.ts  of  tlie  I'nileil  Stales,  bv  cxteiioi  i oncliiions  that  would  lie  (atal  at  any 
time  ol  the  day  or  night.  Sucii  a  (ondiiitju  raiely  exists  in  summer  lor  more  than  a 
few  days;  for  while  the  diurnal  temperatures,  for  long  periods,  reach  levels  beyond 
the  ability  of  any  snake  to  withstand,  there  is  nightly  a  sufficient  fall  of  tempera- 
ture, both  of  ground  and  air,  so  that  snakes  can  and  do  emerge  ht>m  their  sub- 
terranean refuges  if  their  bodily  necessities  require.  They  are  not  prevented  from 
doing  so  owint^  to  any  lack  of  adaptation  for  nocturnal  forays,  for  they  are,  in  fact, 
well  equipped  for  night  ac  tiv  ity,  and  adopt  such  a  regime  in  any  season  when  day- 
time tempcraluies  are  less  favorable  than  night.  Another  leason  lot  the  long 
peiiocis  oi  siil)U'n aiicaii  scclusioii  is  the  iiicrcuscd  humidity  duvvn  IujIcs,  which 
reduces  moisture  loss. 

It  seems,  therefore,  that  to  whatever  extent  rattlesnake  activities  reach  a  low 
point  in  summer,  the  reason  is  to  be  sought  in  a  lack  of  need  for  activity  rather 
than  uninterrupted  lethal  temperatures.  By  summer  the  mating  season  is  over  and 
tlic  spring  hunger  to  replace  tissue  and  fat  lost  dming  hitiernation  has  been 
satiated.  Feeding  intervals  have  now  becotne  matters  of  weeks  if  not  months,  and 
food  may,  indeed,  often  be  secured  in  the  mammal  lioies  or  rock  crevices  in  wliich 
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both  the  snake  and  its  prey  have  sought  refuge.  The  rattler  simply  has  nothing  to 
do  abo\c  (ground  and  remains  in  some  undcii^ronnd  sanctuary  at  whatever  level 
it  fintls  the  tt  iiipcrature  affording  the  t^ixatesi  cciniloi  t  ami  nieialjolic  well  being. 
This  is  not  estivation  in  the  sense  ol  a  period  ol  suspenileil  bodily  functions,  nor 
is  it  enforced  by  mibrokcn  periods  of  liigh  temperatures  above  ground. 

It  might  be  tliought  that  the  summer  inactivity  of  rattlers  is  more  apparont  than 
real,  for  obviously  they  would  be  less  frequently  observed  after  becoming  nocturnal 
in  the  summer  as  compared  to  their  diurnal  or  crepuscular  presence  at  other 
seasons.  But  studies  of  the  sidewinder  indicate  that  such  is  not  the  case.  This  snake 
is  most  easily  collected  if  the  hunter  drives  on  black-top  (asphaltic)  pavements  at 
night.  It  is  found  to  be  connnon  in  the  spring  but  is  scarce  in  the  sinnmer.  even 
though  the  search  may  be  made  during  the  night  hours  after  the  ground  and  air 
temperatures  have  ijcen  rechued  tt)  a  le\e]  (juite  c oinfoi  table  to  a  side windei . 

\\  lu  ther  snakes  of  other  kinds  in  other  areas  esiivale  I  do  not  know.  Corkill 
(1919,  p.  G15;  says  snakes  estivate  in  the  Sudan.  Prater  (1933,  p.  472;  Fraser,  1936- 
37,  p.  270;  M.  A.  Smith,  1943,  p.  305)  believes  that  Natrix  stolata  of  India  estivates. 
This  may  be  a  dry-season  rather  than  a  temperature-induced  estivation,  since  it 
ends  with  the  breaking  of  the  monsoon.  It  is  analogous  to  the  estivation  of  the 
slender  salamander  (Batrachoseps)  during  the  long  dry  summers  in  California. 

\'olsoe  (1911,  p.  17),  in  discussing  the  activities  of  tlie  Kinopean  viper,  points 
out  that  true  estivation  would  involve  a  loi  j>idity  conipai  ablc  to  that  of  hiberna- 
tion. To  ])roclu(c  sue  li  a  condition  at  relatively  liigli  temperatures  would  ie(juire  a 
tempciature-iegulatnig  nieclianisin  that  the  snake  does  not  have.  He  feels  that  the 
belief  in  estivation  merely  results  from  the  increased  noctumality  of  the  vipers. 
W.  E.  Taylor  (1892b,  p.  355)  believes  that  rattlers  become  truly  torpid  in  summer, 
but  there  is  no  evidence  that  their  mere  lack  of  activity  can  be  so  designated. 

Ho|>le\  (lfiS2.  p.  1G2)  attributed  estivation  to  the  prairie  rattlesnake.  In  all 
probability  the  dilference  of  opinion  regarding  rattlesnake  estivation  is  one  of 
semantics  rather  than  of  fact.  Ck-rtaiidy  their  activity  above  ground  is  greatly  ctir- 
tailed  in  the  smnmer,  especially  in  the  daytime,  but  they  would  have  no  difficulty 
in  becouiing  active  instantly  should  conditions  require. 

Effects  of  HuMmiTV 

It  is  probable  that,  next  to  temperature,  humidity  may  be  most  important  in  con- 
trolling rattlesnake  activity. 

In  coastal  California,  winter  rains  are  the  rule,  and  are  coincident  with  cool 
weather,  hence  tending  to  inhibit  snake  activities.  But  in  sections  of  Arizona, 
.Sonora,  and  adjacent  areas  of  the  Soiuhwest  where  summer  is  the  season  of  rainfall, 
our  ex|>eiieiue  seems  to  i^ear  out  tlie  popular  belief  that  snakis — rattlers  in- 
cluded— are  more  active  after  the  rains  begin  than  beloie.  It  is  probable  that  the 
rain  has  a  sufficiently  cooling  effect  in  this  hot  season  to  make  it  feasible  for  the 
snakes  to  forego  their  nocturnal  habits  for  a  time,  and  in  any  case  rain  and  clouds 
bring  the  temperature  down  nearer  to  the  snake  optimum.  Also,  they  may  some- 
times be  flooded  out  of  their  holes.  Speaking  of  this  area,  Hrdlicka  (1908,  p.  172) 
says  that  \enomous  snakes  are  more  common  in  wet  than  dry  weather,  and 
Ramsey  (1915,  p.  2:i)  observed  that  rattlesnakes  were  es|K.*cialIy  prevalent  after 
summer  showers.  Kutlivcn  (1907,  p.  593),  collecting  in  southeastern  Arizona,  found 
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that  the  western  diamond  rattler  (C.  atrox}  was  more  fretjuently  found  on  cloudy 
or  foggv  d;iys,  or  after  rains;  and  Oi  tcnburgcr  and  ()i  tcnlnu  gcr  (191iG,  p.  1 17)  noted 
that  this  snake  did  not  seem  to  mind  a  liard,  beating  rain,  and  made  no  elfori  to 
seek  shehcr,  akliougli  bushes  and  ho](  ^  wvrv  a\ailablc:  nearby.  Hihon  (1917,  p. 
127)  found  reptiles  more  plentiful  in  bonora  alter  the  first  sinnmer  rain. 

Speaking  of  atrox  in  Texas,  J.  D.  Bankston  of  Mason,  1  exas,  states:  "  They  move 
around  at  night,  or  in  early  morning,  or  on  a  cloudy,  showery  day."  Colonel  M.  L. 
Crimmins,  who  has  kept  statistics  on  the  incidence  of  rattlesnake  bite  in  the 
vicinity  of  San  Antonio,  Texas,  advised  mc  that  such  cases  were  likely  to  be 
brought  to  tlie  hospital  after  heavy  rains.  They  were  fewer  at  times  of  prolonged 
dry  spells.  P.  Bruce  Centerwall,  1  onto  Basin,  Arizona,  wrote  under  date  of  June 
'J'J,  1915:  "Right  now,  it  having  been  dry  lor  so  long,  snakes  aie  not  on  the  move 
vei\  much.  It  should  rain  in  tiie  next  cou[)le  weeks  and  start  them  going  again." 

Some  of  my  correspondents  in  the  intcrmountain  area  think  rattlesnakes  are  most 
active  prior  to  thunderstorms: 

I  have  noted  rattlers  active  ai  all  uiues  ot  the  day  and  iiiglit;  however,  in  normal  summer 
weather,  it  is  unusual  to  find  one  out  and  around  other  than  between  4  p.m.  and  9  p.m.  On 

cool,  rainy  days,  they  may  be  out  in  the  middle  of  the  day.  In  muggy  ,  humid  weather,  sudl 
as  occurs  just  liefoie  thunderstorms,  snakes  are  active  all  night  long  and  until  the  sun 
grows  warm  the  next  day.  George  II'.  Case,  U,  S,  Forest  Service,  Saitil  Mariei,  Idaho. 

-o 

Rattlesnakes  are  more  active  in  hot,  humid  weather,  although  usually  found  in  shady 
places.  Just  before  thunderstorms  begin  seems  to  be  a  good  time  to  run  into  rattlesnakes. 
H.  W.  Parks,  V.  S.  forest  Service,  Warren,  Idaho. 

■o 

Rattlers  are  most  active  in  the  evening  or  just  before  lightning  storms.  Usually  in  the 
evening  they  are  heading  for  water,  or  looking  for  prey  found  near  water  at  that  time  of 
day.  £.  /.  Parker,  U.  S.  Forest  Service,  Uldah,  Oreg, 

■o 

I  have  noted  that  rattlc-'^tiakes  are  most  active  past  the  middle  of  the  afternoon,  or  just 

before  a  rain.  Riley  Millegan,  Silver  City,  N.  Mex. 

Curran  and  Kauffeld  (19S7,  p.  62)  reported  that  the  southeastern  pigmy  rattle- 
snake (S.  w.  harbouri)  comes  out  after  heavy  rainstorms,  and  Kitch  (1919b,  j).  89) 
says  that  the  western  pigmy  rattler  (S.  m.  streckeri)  is  most  often  found  abroad  after 
warm  siunmer  rains. 

As  is  to  be  expected,  rattlesnakes  sometimes  cool  themselves  by  resting  in  the 
infrequent  pools  and  seeps  of  the  arid  West: 

On  July  20,  1934,  I  found  a  medium-sized  Great  Basin  raiikr  (C.  v.  iulosus)  llualing  plaeidly 
in  a  tiny  pool  of  a  slow-seepage  spring  under  an  overhanging  ledge  of  one  of  the  drier  and 
more  barren  draws  of  the  eastern  Pravine  Mountain,  northwest  of  Reno.  On  this  particular 
occasion  1  slipped  in  under  the  letlge  and  drank  my  fill  of  water,  before  noticing  the  snake 
whose  head  was  not  more  than  eight  inches  from  my  face  during  the  entire  proceeding.  As 
I  drew  back  (it  is  necessary  to  crawl  prone  the  last  couple  of  feet  to  reach  the  spring)  I 
iu)(i(  (  (l  I  lie  snake  Onlv  his  head  ami  a  short  portion  of  the  neck  w  ere  l  esiini;  al  I  lie  edge 
of  the  two-foot  pool,  the  rest  lying  ihrcc-fourths  submerged.  I  lay  there  antl  waiihitl  it  for 
about  15  minutes,  then  went  on  my  way,  leaving  the  animal  in  my  drinking  water.  All  the 
while  the  snake  made  no  movement,  and  I  did  not  attempt  to  startle  it.  My  impression 
was  that  the  snake  was  cnjnviiig  the  cool  water,  for  it  was  a  record  hot  day  outside,  and 
everything  else  was  under  cover.  Ira  La  Rivers,  University  of  Nevada,  Reno,  Nev. 
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The  effect  of  rainfall  in  increasing  activity  seems  to  apply  to  many  areas  and  to 
all  kinds  of  snakes.  Elliot  ( 19^3  la,  p.  506)  was  told  by  a  professional  snake  catcher 
in  England  that  snakes  were  particularly  prevalent  in  July  after  rains.  Frascr 
(193()-37,  p.  270)  says  that  the  monsoon  brings  out  snakes  in  India;  Sinisoii  (1886, 
p.  239)  said  that  the  rains  in  eastern  lit ngal  caused  the  snakes  to  seek  shelter  in 
human  habitations:  and  Pitman  (1938,  p.  3)  found  snakes  most  plentiful  in  Uganda 
after  periods  of  heavy  rains.  It  might  be  thought  that  in  tropical  countries  having 
a  high  annual  precipitation,  the  snakes,  many  of  semiaquatic  kinds,  would  natu- 
rally be  seen  more  often  after  rains.  Howe\'er,  this  certainly  does  not  explain  the 
situation  in  the  Sonoran  Desert,  where  only  a  few  garter  snakes  are  semiaquatic. 

Dl  LRiNAL  VaRIAI  IONS  IN  ACTIVITY 

I  have  discussed  the  seasonal  effects  on  rattlesnake  habits  and  shall  now  touch  upon 
the  diurnal  effect.  Necessarily  the  t^vo  :nc  closely  interrelated,  yet  an  attempt  to 
separate"  them  will  clarify  the  discussion.  1  he  snakes  arc  somewhat  moie  iu- 
depcndeiil  in  choosing  dailv  than  seasonal  periods  of  optimum  temperatures,  for 
they  can  take  refuge  undeigitjund  against  an  unfavorable  day,  but  not  always 
against  an  unfavorable  season,  if  they  are  to  survive. 

Their  most  obvious  expedient,  of  course,  is  to  become  active  at  the  time  of  day 
or  night  when  the  temperature  conditions  are  nearest  the  optimum,  and  this  is 
done  to  a  certain  extent.  But  it  is  evident  that,  other  thinp  being  equal,  most 
Nearctic  rattlers  prefer  nocturnal  to  daylight  activity,  even  though  the  temperature 
may  be  less  favorable  then.  No  doubt  this  is  because  the  small  mammals  tfiat  con- 
stitute their  principal  food  supply  are  also  primarily  nocturnal,  although  their 
choice  may  be  partly  induced  as  a  protective  measure  against  enemies.  It  is  to  be 
remembered  that  the  rattlesnake's  eyes  are  well  adapted  to  uiglu  \ision,  and  that 
the  pit,  as  a  high-tempeiaiure  rcceptoi-,  is  prol)al)ly  more  elfec live  at  night  because 
of  the  greater  temperature  differential  between  the  warm-blooded  prey  and  the 
surrounding  objects. 

The  following  generalities  are  valid:  Rattlers  are  more  nocturnal  in  summer 
than  in  spring  or  foil;  desert  rattlesnakes  are  more  nocturnal  than  those  in  more 
humid  areas  or  where  the  brush  cover  is  heavier;  lowland  rattlers  are  more  noc- 
turnal than  montane  individuals  or  species:  and  adult  lattlesnakes  are  more 
nocturnal  than  juveniles.  All  of  these  trends  arc  only  partly  the  effect  of  tempera- 
lure;  C(|uallv  important  are  food  availability  and  requirements,  protection  from 
enemies,  and  the  axoidance  of  tlirect  sunlight  (when  more  intense  than  desirable) 
and  desiccation.  I  hai  temperature  alone  is  by  no  means  the  most  important  or 
controlling  criterion  is  readily  to  be  noted  in  the  case  of  such  desert  sj>ecies  as  the 
sidewinder  (C.  cerastes)  and  the  Mojave  rattler  (C.  s.  scutulatus)  both  of  which  will 
be  found  active  at  night  on  the  desert  in  seasons  when  the  daylight  hours  would 
offer  much  better  temperature  conditions.  The  greatest  surprise  that  awaits  the 
person  who  believes  the  rattlesnake  to  be  essentially  a  warm-weather  or  diurnal 
creature  is  ex|)cricnccd  when  he  comes  upon  sidewinders  and  Mojave  rattlers 
active  at  night  on  the  desert  with  a  bitterly  cold  wind  blowing — a  wind  so  strong 
one  must  lean  against  it  in  walking,  while  it  cuts  through  a  heavy  overcoat  to  the 
accompaniment  of  whirling  sand  and  debris. 
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With  these  variations  in  diurnal  activity,  incident  to  variations  in  temperature, 
humidity,  seasons,  altitude,  brush  covir,  food  supply,  and  other  conditions,  brief 
statements  as  to  times  of  activity  within  the  day,  whether  by  my  own  coi  resj)(jndeiits 
or  from  published  reports,  would  have  no  particular  value  unless  all  the  assot  iattd 
conditions  were  also  listed,  and  these  are  seldom  available.  Various  correspondents 
have  supplied  data  emphasizing  activities  at  different  periods:  In  the  daytime, 
daybreak,  morning,  afternoon,  evening,  or  night.  However,  these  divergences  of 
viewpoint  are  really  not  conflicting,  for  they  pertain  to  different  seasons,  territories, 
altitudes,  and  species.  But  from  my  discussions  of  rattlesnake  danger  with  sueh 
people  as  hunters,  fislurmcn,  campers,  mountain  climbers,  and  others  making 
excursions  into  the  \\  ild,  I  am  sin  jjriscd  at  tlie  extent  of  the  belief  that  rattlesnakes 
are  uni\  ersally  dun  nal,  or,  under  exirenie  ( ircunisian(  es  only  crepuscular,  so  that 
with  darkness  aii\  dangei  \anishes.  I  his  has  led  to  acciilents  in  walking  about  a 
camp  at  night  without  the  precautionary  measure  of  a  flashlight  or  even  shoes. 
For  this  reason,  I  shall  cite  enough  evidence  to  convince  anyone  that,  regardless 
of  the  extent  of  their  diurnal  and  crepuscular  activities,  rattlers  certainly  don't 
turn  in  for  the  night  when  darkness  falls. 

I  have  myself  found  the  following  southwestern  species  and  subspecies  active  at 
night — meaning  by  "night,"  after  complete  darkness:  Western  diamond  (C.  atrox), 
red  diamond  (C.  r.  riihcr).  Mojave  (C.  s.  scutulatus),  prairie  (C.  x'.  viridis),  Arizona 
prairie  {C.  v.  tiuutius),  (^l  eai  Basin  (C.  i'.  lulosiis),  northern  Pa(  ifu  (C.  i'.  oregnuus), 
southern  Pacific  (C.  7'.  hellcri),  southwestern  speckled  (C.  m.  pyirhus),  Panamint 
(C.  m.  stephensi),  tiger  (C.  tigm),  Mojave  Desert  sidewinder  (C.  c.  cerastes), 
Colorado  Desert  sidewinder  (C.  c.  laterorepens),  and  Sonoran  Desert  sidewinder 
(C.  c.  cercobombus).  Some  of  these  were  observed  up  to  midnight,  and  the  only 
reason  they  were  not  found  later  was  the  cessation  of  my  own  activity,  for  other 
collectors  have  found  them  active  al]  night  in  sunmier.  In  the  desert,  in  the  spring 
when  the  ground  cools  rapidly,  activity  is  largely  restricted  to  the  early  night  hours. 

I  was  told  recently  of  a  large  diaroondback  (C.  adamanteus)  found  by  hunters  active  at  night 
in  January  near  Toledo.  Charlton  County,  Geot:gia.  Francu  Harper,  Swarthmore,  Fa. 

On  three  occasions,  in  the  last  ten  years,  I  have  seen  rattlesnakes  \C.  Ii.  alrieaudat$u]  cross- 
ing the  road  at  nighi.  7".  5.  Ht-ely,  U.  S.  Forest  Service,  T alladega,  Ala. 

•o 

The  rattlers  here  [C.  h.  atricaudatus]  are  mostly  nocturnal,  coming  out  about  sundown, 
except  in  the  late  fall  when  they  feed  day  and  night  to  fatten  up  for  hibernation.  J.  M. 
Shevnin,  Alexandria,  La. 

o 

Texas  diamond  rattlesnakes  [C.  atrox]  travel  mostly  at  nig^t,  ttiough  seen  abo  during 
daytime.  In  hot  weather  they  aeek  a  cool  shady  place  to  rest  in  during  daytime.  A.  /.  Kim, 
Somerset,  Texas. 

During  hot  weather  rattlers  are  active  almost  entirely  at  night  Dean  M.  Earl,  U.  5.  Fomt 
Sendee,  Luna,  N.  Mex. 

■o 

In  the  Santa  Cruz  Valley  of  southern  Arizona,  the  rattlers  always  come  out  at  niglu  and 
seem  to  frequent  the  bases  of  the  low  hills  or  river  terraces.  This  observation  is  nuiinly 

made  from  the  fart  that  so  many  Avcre  seen  on  hot  smnmcr  nights  on  the  road  ivhere  it 
skirted  one  of  these  low  mesas.  Louis  R.  Caywood,  Natioiml  Park  Service,  ianla  Fe,  N.  Mex. 
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Rattlesnakes  [C.  v.  i'inili\\  iiiunI  move  aiuuiut  a  lot  at  night.  Fui  example,  on  a  siiliiy 
night  I  remember  hearing  three  rattle  nearby  at  one  time.  Fred  A.  Cook,  U,  S.  Forest  Service, 
Aspen,  Colo. 

o 

Rattlers  don't  seem  to  move  about  much  in  tlie  heat  or  the  day  unless  disturbed.  I  have 
seen  them  crossing  the  road  in  the  car  lights  about  midnighL  Charles  C.  Holworth, 
Kremmling,  Colo.  ^ 

In  July,  August,  and  September,  the  prairie  rattlesnalies  here  [C.  v.  viridis]  can  lie  seen 
:ilmost  anv  limr,  on  livcr  frails;  on  lux  nights  sou  will  ronlact  as  many  at  in  the  daytime. 
John  11'.  Warren,  C.  S.  torat  SetvUe,  Hamilton,  Mont. 

•o 

I  have  seen  rattlesnakes  [C.  v.  lutosus]  trawling  several  hours  after  dark.  A.  A'.  Crane,  C.  S. 
Forest  Service,  Austin,  Nev. 

Vou  are  sure  lu  liiul  rattlers  [C.  v.  oreganus]  at  any  time  ul  night  in  late  Muv,  June,  J(il>, 
and  August,  especially  on  \>ery  warm  evenings  or  nights.  Marion  £.  Rose,  Pateros,  Wash. 

■o 

We  find  the  raitliMi.iktN  here  [C.  v.  oreganus  lo  lie  most  active  in  the  e\cnin^  after  the 
sun  has  i-onr  down  tluiin>;  verv  warm  weaihti.  DiMiii^  the  heal  of  the  (la\  ihcv  nsiiallv 
are  luund  coiled  up  in  the  shade  of  hushes  or  among  rocks.  For  a  long  time  I  was  oi  the 
opinion  that  rattlesnakes  did  not  travel  after  dark,  but  this  belief  was  rudeh  dispelled  one 
evening  when  one  came  up  to  the  door  o[  our  (>uard  station  as  we  were  silting  on  the 
porch.  L.  J,  Cooper,  U.  S.  Forest  Service,  Meriin,  Oreg. 

Rattlers  [C.  v.  oreganus]  are  most  acti\c  during  the  late  part  oi  the  day  from  alwui  an  hour 
before  sundown  until  the  evening  starts  to  get  cool.  On  warm  nights  they  move  around  all 
night.  Bernie  I.  Leas,  Fire  Control  Assistant,  Platina,  Calif., 

o 

Two  \rars  a<^o  while  (ire  pioofiiit;  llic  liif^hua\,  the  (rew  killed  i  niimhcr  of  rattlers 
[C  V,  orcf^aiiusl  along  lite  roadside  bctuccii  K  o'clock  and  tuidiii^^tit.  I, targe  ,1.  t'ischer, 
U,  S,  Forest  Service,  Tulehke,  Calif. 

I'acihc  I atilesnakcs  travel  at  nij-ht,  for  I  lia\c  killed  them  (rossui;;  the  roa<ls  in  Solmo 
County,  especially  roads  bordering  a  stream  or  creek.  J.  E.  Hughes,  Came  Warden,  Satm- 
mento,  Calif. 

•o 

I  ha\e  louritl  llit  majoriiy  ot  rattlers  [(..  i'.  helleri]  hetween  sunset  and  shortly  after  mid- 
night. In  the  early  hours  of  morning  the)-  become  scarce  and  by  daylight  can  rarely  lie 
seen.  They  are  fond  of  seclusion  and  prefer  privacv-  to  anything  else.  K.  R.  Haistead,  San 
Bernardino,  Calif. 

I  have  seen  rattlesnakis    C.  v.  inci^utnts']  ([uite  active  on  hoi  nUMNllight  nights  in  C'joUlsa 
and  Lake  counties.  M.  W,  Durham,  U.  S.  forest  Service.  Pasadena,  Calif. 

In  most  of  the  above  quotations  I  have  inserted,  in  brackets,  the  subspecies  of 
rattlesnake  to  which  each  statcnicnt  applies. 

Sonic  jMihlislied  accounts  of  the  nocturnal  activities  of  lattUsii.ikcs  arc  tliosc  of 
Ditiiiars  (H):>'i,  p.  ^'y^)  on  the  eastern  tlianiond  ((\  addtnanh'iis):  lltidsoii  (1912, 
p.  S())  aiui  McCaiilcv  (191.'),  p.  1.^7)  rc'oardini;  the-  limber  i  alticsii.ikc  {('..  h.  Iidy- 
yidus);  C]f)()k  (19 1.1,  p.  .")())  on  tlic  sotiLiK'asiti n  pif^my  rattki  (S.  h/nhniDi); 
Fautin  (19ir),  |).  291)  on  ihc  Great  Basin  raliler  (C.  v.  lutosus),  anti  Fitch  and 
Glading  (1947.  p.  107)  and  Fitch  (1949a,  p.  517)  on  the  northern  Pacific  rattlesnake 
(C  V.  oreganus). 
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Col.  M.  L.  Criinniins  reports  that  the  mottled  rock  rattler  (C.  I.  Icpldus)  comes 
out  at  sundown.  Kauffeld  (ID^Mb,  p.  609)  noted  that  banded  rock  rattlers  (C.  1. 
khn(brri)  and  Arizona  twin-sjwtted  rattlers  (C.  p.  prir<-i)  in  (aptivity  were  most 
a{ii\('  in  the  late  afternoon  and  at  night.  It  is  a  connnon  obsei  \ aiion  that  captive 
rattlesnakes  ol  many  species  roam  about  their  cages  more  at  night  than  in  the  day- 
time. Some  of  my  own  field  otxervations  and  those  of  my  associates  on  rattlesnakes 
at  night  are  given  in  the  following  publications:  Klauber,  1931a,  p.  359  (C.  tigris); 
1932bt  p.  128  (C.  c,  cerastes);  1936a»  p.  168  (C.  m.  stephensi);  1939a,  p.  26  (dedining 
activity  as  the  desert  cools);  I939a>  pp.  46, 48  (hours  of  night  activity);  1944,  p.  109 
(C,  cerastes). 

Unfortunate,  from  the  standj)oint  of  public  safety,  are  published  statements  that 
rattlers  are  rarely,  if  ever,  nocturnal  (e.g..  Burton,  1861,  p.  194;  Anon.,  1872b,  p. 
642;  RoUinson,  1918,  p.  2.^2). 

Whether  the  moon  has  any  particular  effect  on  the  night  activities  of  rattlesnakes 
is  not  known.  As  to  desert  reptiles  in  general,  such  evidence  as  has  been  accumu- 
lated indicates  that  they  probably  prefer  dark  nights  and  are  less  active  under 
conditions  of  strong  moonlight  (Klauber,  1939a,  p.  50). 

It  is  not  my  intention  in  ( iting  these  instances  of  the  night  activities  of  rattle- 
snakes to  give  the  idea  that  they  are  exclusively  or  e\  en  essentially  nocturnal.  I 
might  have  quoted,  from  many  correspondents  and  published  accounts,  statements 
regariling  their  being  ftjiuid  abroad  at  all  limes  of  the  day.  from  early  morning  to 
late  evening,  for  nuich  depends  on  the  season  and  temj>erature.  .As  might  be  ex- 
])ected,  reports  from  high  altitudes  indicate  little  night  activity,  although  there 
is  evident  a  tendency  to  become  crepuscular  in  summer.  My  reason  for  stressing 
the  night  phase  is  because  it  seems  to  be  little  known  to  the  public  generally.  And, 
of  course,  it  is  far  from  true  that  rattlers  are  the  only  snakes  abroad  at  night;  on 
the  contrary,  it  is  probable  that  most  snakes  become  tiocturnal  w  hen  the  daytime 
temperatures  are  too  high.  And  some  genera,  particularly  such  desert  forms  as 
Chiovariis .  PliyJloyJiyucUus.  and  Cin'lomenlsnis.  arc  almost  exclusively  nocturnal 
regardless  ot  the  i  inal  ( onditioiis.  Simson  (1886,  p.  242)  mentions  the  fact  that  in 
India  the  eol)ra  is  mostly  nocliunal. 

It  is  probable  that  the  rattlesnakes  whose  activities  are  least  nocturnal  are  those 
that  inhabit  mountains  at  altitudes  where  day  temperatures  are  seldom  uncom- 
fortably high,  and  ni^t  temperatures  generally  below  60^  F.  Dr.  F.  A.  Shannon 
advised  roe  that  the  little  Tancitauan  dusky  rattlers  (C.  pusillus)  and  central- 
plateau  dusky  rattlers  (C.  t.  triseriatus)  on  Cerro  Tancitaro,  Michoacan,  Mexico, 
seldom  came  out  in  abundance  before  late  morning.  (This  was  in  June  and  July). 
Then  the  noon  rains  would  drive  them  to  cover,  after  whidi  thev  wotdd  come  out 
in  greater  foKe,  when  c  learing  skies  pertnitted  a  heat  maximum  loi  the  clay,  whic  h 
larcly  cxtccdcU  08 V.  I  lioiough  iuuuing  at  iiiglii  lailcd  to  piodute  any  speci- 
mens. This  was  at  altitudes  of  from  5,500  to  10,600  feet. 

J.  T.  Marshall,  Jr.,  observed  that  C.  willardi,  another  monUne  species,  is  pri- 
marily active  in  daylight.  It  does  not  avoid  the  direct  morning  sun  in  summer. 

l  ilV  H.ASKINC  R.WGK 

In  the  process  of  determining  the  temperaiure-ac tiviiv  interrelationship  of  rattle- 
snakes, some  distinction  should  be  made  between  mere  basking  in  the  sun  and  true 
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activity — that  is,  the  pursuit  of  sonic  definite  objective  other  than  warmth.  VV'hen 
ground  and  air  temperatures  are  such  as  to  lesuk  in  a  suboj)tinumi  body  tempera- 
ture, snakes  often  increase  their  comfort  and  \vell-beinj4  bv  basking  in  direct  sun- 
light, thus  securing  ilie  increased  vvaruitii  oi  direct  racHation.  This  is  the  basking 
range  as  defined  by  Cowles  and  Bogert  (1944,  p.  277).  Basking  is  likely  to  be  in- 
dulged in  whenever  the  air  temperature  is  below  about  75**  F.,  the  ground  is  cool, 
and  the  sun  is  shining.  Rattlesnakes  probably  seldom  bask  when  air  temperatures 
are  below  55**  F.,  unless  the  surface  of  the  ground  has  already  been  warmed  well 
above  this  level  by  the  sun's  rays.  The  combination  of  ground,  air,  and  radiation 
conditions  must  be  such  as  to  cause  an  increase  in  the  snake's  temperature  toward 
75°  F..  or  above,  before  the  snake  will  seek  to  bask.  In  this  connection,  wind 
conditions — or  the  availability  of  a  sunlit  nook  protected  from  the  wind — are 
important,  since  a  cool  breeze  will  cause  a  greater  loss  of  heat  through  convection 
than  that  accumulated  from  impinging  radiation  or  from  conduction.  It  is  clear 
that  a  mere  record  of  ground  and  air  temperatures  will  not  suffice  to  define  the 
basking  range;  the  important  condition  is  that  the  effect  of  the  radiation  must 
sufficiently  overcompensate  for  the  other  heat  losses  so  that  the  temperature  of 
the  snake  will  be  brought  upward  toward  a  more  comfortable  and  beneficial  level 
than  would  otherwise  be  possible.  Should  the  temperature  rise  above  this  level, 
the  snake  will  withdraw  into  the  shade. 

Taking  advantage  of  basking  is  important  in  increasing  a  species'  geographic 
range,  for  it  lengthens  the  season  during  which  body  temperatures  adequate  to 
such  processes  as  digestion  and  gestation  are  available.  Since  a  snake  can  digest  its 
food  only  when  the  exterior  temperature  flux  produces  an  adequate  internal 
temperature,  basking  may  be  likened  to  cud-diewing  by  a  cow— an  aid  to  digestion. 
Bogert  (1949,  pp.  196, 199.  205)  has  discussed  the  importance  of  basking  to  lizards. 

Of  all  the  examples  of  basking,  the  most  conspicuous  arc  those  wherein  the 
rattlers  arc  found  lying  around  their  dens  in  the  last  simny  davs  of  the  fall  or  the 
first  of  spring.  These  habits  Iia\e  lieen  discussed  under  hibernation. 

Some  typical  examples  oi  basking  under  extreme  weather  conditions  are  the 
following: 

In  western  .Arkun.sas,  I  found  iwu  laillesnakcs  sunning  ihcuisclves  on  rucks  un  the  south  side 
of  a  mountain  during  the  month  of  February,  with  about  a  half  an  inch  of  mow  on  the 
ground;  howcx  cr,  there  was  no  snow  in  the  immediate  vicinity  of  the  snakes,  as  it  had  melted 
off  the  rocks.  J.  P.  Brown,  U.  S.  Forest  Service,  Walhalla,  5.  C. 

-o- 

I  caugjit  a  large  Mojave  rattler  today  at  one  p.m.  while  he  was  having  a  sun  bath.  It  was  a 
cold  day  for  this  place,  and  there  was  ice  last  ni^t.  M.  E.  Spivey,  Date  Creek,  Ariz. 

Basking  is  not  restricted  to  times  of  severe  weather  conditions,  such  as  early 
spring  or  late  fall,  but  may  be  utilized  for  brief  periods  at  some  time  of  day  at  any 
season  when  temperature  conditions  are  suboptimum  and  the  sun  is  shining.  Thus 

in  the  late  sjiring  and  at  higher  elevations  in  the  summer,  rattlesnakes  will  be 
foinid  basking  in  the  sun  in  the  early  morning,  since  the  later  midday  air  and 
ground  temperatures  will  be  above  the  optimniii.  Tliis  is  highly  characteristic  of 
sidewinders  in  the  desert.  Collectors,  following  along  their  tracks  made  the  night 
before,  will  usually  find  them  coiled  in  a  self-made  depression,  in  the  sun,  but 
always  near  some  bush  or  mammal  hole  in  which  they  can  seek  refuge  as  soon  as 
the  air  and  ground  temperatures  attain  an  unpleasant  level. 


Copyrighted  material 


Behavior  443 


Other  Temperature-Control  Expedients 

In  addition  to  attempting  the  adjustment  of  their  activities  to  periods  of  favorable 
seasonal  and  diurnal  temperatures,  rattlers  adopt  various  expedients  to  secure  the 
advantages  of  favorable  differences  in  microclimate. 

One  of  the  simplest  of  these  methods  is  to  take  advantage  of  temjx-rature  difFci  - 
ences  within  a  narrow  space.  Rattlesnakes  make  a  practice  of  lying  in  the  edge  of 
a  patch  of  shade,  where,  by  varying  the  relative  amounts  of  shade  and  sun  upon 
the  body,  the  snake  can  attain  anv  temperature  beiwct  u  tin-  cool  of  the  shade  and 
the  maximum  produtcd  V)y  tin-  lull  solar  iadiati(ui.  A  t  incnt  troui  full  sun  iu 
the  morning  to  lull  shadi'  at  noun,  with  a  retiuii  to  Ijasking  in  the  afternoon  is  a 
common  maneuver;  1 .  E.  B.  Pope  (1925a,  p.  19)  and  McCauley  (1945,  p.  137)  are 
among  the  autlK»rs  mentionii^  this  routine. 

Rattlers  have  another  way  of  averaging  temperatures  when  one  position  is  too 
high  and  the  other  too  low  for  comfort.  In  the  morning  in  the  desert,  the  ground 
is  often  quite  cool  only  an  inch  below  the  surface;  for  sand,  with  its  air-filled 
interstices,  is  a  relatively  poor  conductor  of  heat.  Sidewinders  have  a  way  of 
bedding  themselves  down  by  manipulating  their  coiled  bodies  imtil  their  dorsal 
smlaces  are  level  with  the  sand  (fig.  7:'1).  \Vhcn  the  snake  is  in  this  position  the 
doisiuu  is  heated  by  the  smi's  rays  while  the  ventriuu  is  cooled  by  the  sidistratuni. 
This  explains  the  occasional  luiding  of  sidewinders  exposed  to  the  siui  in  the 
morning  as  mentioned  by  Camp  (1916,  p.  535),  although,  as  Mosauer  (193Ga,  p.  G3) 
has  pointed  out,  they  are  more  frequently  at  least  partly  in  the  shade,  to  which 
they  must  shortly  retire  in  any  case.  Such  a  sidewinder  movement  is  so  well  known 
as  even  to  be  mentioned  in  fiction  (Wilson,  1945.  p.  70). 

Several  temperature-adjustment  schemes  are  available  to  lizards  but  not  to 
snakes,  among  these  being  the  elevation  of  the  body  by  standing  with  the  legs 
stiffened  to  avoid  contact  with  and  conihu  tion  from  the  groiuid.  Another  expedient 
that  the  lizards  can  employ  to  contiol  the  absorption  ol  racUation  is  to  vary  the 
body  hi:e  and  theielore  reflectivity.  I  hese  color  changes  have  long  been  known 
in  the  lizards — ^the  best  recent  exposiiiou  is  that  of  Atsatt  (1939,  p.  237) — but  it  is 
not  so  well  known  (and,  in  fact,  has  been  denied)  that  rattlesnakes  have  some 
power  of  color  change.  I  have  observed  it  in  the  southern  Pacific  rattlesnake 
(C.  V.  heUert)t  the  Arizona  black  rattler  (C.  v.  cerherus),  and  the  sidewinder  (C.  c 
laterorepens)  (Klaubcr,  1931b,  p.  46).  It  has  been  shown  by  Rahn  (1941,  p.  228) 
that  there  is  a  pituitary  regulation  of  the  epidermal  melanophores  in  the  [)rairie 
rattlesnake  (C.  v.  v'nidis)  and  that  the  pattern  can  be  permanently  lightened  by 
exc  ision  of  the  pituitaiy.  'I  his  would  seem  to  verify  the  existeiue  of  some  naiural 
(olor-coiuiol  in  snakes,  for  a  scnnewhat  similar  mechanism  has  been  known  to  be 
present  in  the  lizards,  \s  hose  icjlor  vuriations  are  so  markeii.  kauUelU  (19  l^a,  p.  .'MU) 

believes  that  rattlers  giadually  beccwie  lighter  in  captivity;  this  may  be  true  in 
some  cases,  or  it  may  be  only  an  ordinary  manifestation  of  age,  for  in  most  rattle- 
snake species  the  young  are  darker  than  the  adults. 

Of  course,  the  principal  means  of  temperature  regulation  available  to  rattle- 
snakes, when  the  external  temperature  is  above  the  oj)tinuuu,  is  to  seek  refuge  in 

a  manuual  hole  or  a  rock  crevice.  Di  .  R.  li.  Cowles  lias  shown  by  elaborate  expeii- 
ments  curried  on  in  the  vicinity  of  Indio,  California,  that  the  degree  of  control  is 
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much  more  ;i(  (  Ui  alcl\  cxiK  iM  cl  to  attain  a  paitit  iilai  o|)limum  ti'm])t  ralui  c  than 
had  j)rcviously  been  siipposttl.  For,  as  cxpciimcnis  uitli  sidtwiiuleis  (C.  c. 
laterurepens)  proved,  this  was  no  simple  matter  of  exthanging  a  dangerous  temper- 
ature on  the  surface  for  an  endurable  one  below  ground.  On  the  contrary,  the 
snake  took  up  whatever  position — between  partial  exposure  at  the  mouth  of  the 
burrow  to  maximum  depth  at  the  bottom — ^that  would  produce  the  most  com- 
fortable tcinpcraturc.  which,  for  this  Species  of  snake,  proved  to  be  between  31*' 
ami  ■i2^'  C.  (88  '  and  8<>'l'^  F.)  witli  an  average  .SI.l  -  C.  (88'i°  F.).  As  the  suifare 
iLiiipci ami r  (onclilions  \aiicd,  the  snake  changed  its  position  in  the  l)uii()w  to 
whatcM'i  lixalion  would  maintain  this  boch  teinjxiature.  Flic  lesiihs  ol  iliis 
control  secured  almost  as  constant  a  body  temperature  as  that  produced  by  the 
internal  control  available  to  mammals.  However,  only  at  certain  seasons  are  the 
conditions  essential  to  this  type  of  control  available — ^a  supraoptimum  temperature 
at  the  surface  at  the  entrance  to  the  burrow  and  a  suboptimum  temperature  at 
the  bottom,  with  suitable  resting  places  at  all  points  between.' 

si  Mil  the  advent  of  black-top  pavements  in  our  southwestern  deserts,  rattlers 
and  oilier  snakes  ha\e  been  observed  warnn'ng  themselves  at  nit^ht  on  these  roads, 
after  the  desert  air  and  <;ioimuI  temperaiiiies  have  fallen  below  the  preferred 
level.  Fhe  storage  ol  beat  in  the  j)a\emenl  is  (onsiderable.  Ibis  is  one  of  the 
reasons  why  night-dri\  ing  on  desert  roads  is  so  successful  as  a  means  cjf  coUecimg 
snakes.  Sometimes  the  snakes  are  moving  when  seen,  but  often  they  are  stationary, 
or,  in  the  case  of  sidewinders,  coiled  in  their  resting  positions. 

At  Montezuma  Castle  I  have  seen  a  number  of  rattlers  lying  perfectly  motionless,  stretdied 

out  on  the  oiled  enlraiue-roud  al  night.  Presumably,  the  retained  heat  is  pleasant  to  them 
at  night.  Earl  Jackson,  Motional  Park  Service,  Las  Vegas,  Nev. 

It  is  probable  that  under  natural  conditions  rattlesnakes  are  seldom  killed  by 
heat.  Although  the  warning  /one  of  danget  is  relatively  narrow,  and  the  critical 
zone  of  muscular  damage  (piitt  ({iiickly  attained  by  an  exposed  snake,  only  in  the 
rare  t (»ntiiigencv  of  a  snake  beint;  (aught  in  a  bate  expanse  of  desert  woidd  tlie 
situation  hi'  likely  to  prove  fatal.  At  limes  when  diuinal  lempt  iatuies  itach  these 
dangerous  exUenn'ties,  the  rattlesnakes  have  largely  become  notturnal;  and  while 
the  early  morning  often  hnds  them  in  the  sun,  it  will  usually  be  close  to  the  shade 
of  some  bush.  When  surface  temperatures  attain  dangerous  extremes  even  in  the 
shade,  mammal  burrows  and  rock  crevices  are  sought.  In  the  morning,  rattlers  arc 
usually  found  near  such  refuges. 

In  comparison  with  other  desert  anim  iN,  snakes,  especially  rattlers,  suffer  from 
certain  disadvantages  that  linn't  tlieii  ability  to  cope  with  high  temperatures. 
Their  relati\elv  slow  speed  nia\  bi-  fatal  where  a  faster  animal,  such  as  a  lizard, 
(otdd  iea(h  saletv.  Slow  sptctl  also  pic\eiits  loss  of  beat  In  ((uixection  when  the 
body  lempciaiure  is  higlier  than  that  ol  the  ail,  lor  an  undistiubed  air  film — the 
so-called  skin  effect — ^acts  as  an  insulator.  Again,  the  close  contact  of  the  body  with 
the  ground  results  in  a  rapid  transference  of  heat  from  the  soil  to  the  body  when 
the  temperature  gradient  is  in  that  direction,  as  it  often  is  under  dangerous  con- 
ditions. Deseit  lizards  are  frequently  observed  with  their  bodies  erected  to  the 
limit  of  their  legs,  to  escai^e  this  conduction.  Nor  have  the  rattlers — ^not  even  the 

"  Wood! lurv  ;iih1  Hardv  (l?)lf),  p.  isi)  h:i\c  furnished  interesting  data  on  surface,  compared 
with  suljtcrrancan  icmi^eraturcs.  of  dcscri-iorloisc  dens  in  Utah. 
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sidewinder" — an  alMlity  to  bury  themselves  in  sand  cjuickly  as  have  some  li/ards, 
such  as  the  fringe-toed  sand  li/ards  (Uma)  and  the  horned  toads  (Pinyno.somn),  or 
burrow  ing  snakes  like  CJiilonictiiscus.  Often  the  teni])ei  aiure  fall  l>elow  the  surtate 
is  quite  steep  so  that  safe  temperatures  are  readied  only  a  few  inches  down.  Snakes, 
with  few  exceptions  tliat  include  no  rattlesnakes,  lack  a  black  peritoneum,  a  pro- 
tective device  with  which  certain  diurnal  lizards  are  ei|ui]}pcd  (Klauber,  1939a,  p. 
75);  however,  this  is  more  important  as  a  selective  wave-length  screen  than  in 
reducing  the  total  incident  radiation.  In  these  deficiencies,  snakes — ^rattlers  among 
them — suflFcr  in  comparison  with  their  nearest  relatives,  the  lizards.  Bogert  (1919. 
p.  195)  has  discussed  behavioral  thermoregulation  in  the  lizards,  as  determined 
from  field  experiments  in  Floi  ida. 

Snakes  aie  at  a  still  greater  disachantage  (onipared  with  the  birds,  and  particu- 
larly the  nianunals.  in  having  no  spec  ial  nuans  for  increasing  skin  evaporation, 
such  as  sweat  glands,  although,  as  indicated  by  Bogert  and  Cowles  (1917,  p.  1)  they 
may  possibly  lose  moisture  through  the  skin.  Their  relatively  small  lung  surfaces, 
together  with  limited  surplus  body  fluids,  greatly  limit  the  possibility  of  tempera- 
ture reduction  through  internal  evaporation,  of  which  the  panting  of  dogs  is  the 
most  familiar  example.  However,  Bogert  and  Cowles  (19-17,  p.  1)  have  shown  that 
as  the  critical  temperature  is  approached,  snakes  can  h)wer  their  temperatures  a 
few  degrees  by  panting,  although  it  may  be  doubted  whether  this  jjioteriive 
expedient  could  be  niaintained  for  more  than  a  lew  minutes,  so  limited  is  their 
moisture  reserve.  In  fatt,  it  has  been  noted  by  these  authois  (p.  30)  that  desert 
snakes  lose  moisture  less  rapidly  than  those  restricted  to  moist  habitats;  thus  it 
would  appear  that  moisture  conservation  rather  than  cooling  is  of  supreme  im- 
]x>rtance.  Were  the  surplus  moisture  of  desert  reptiles  adequate,  we  would  expect 
them  to  have  developed  a  superior  rather  than  a  reduced  capacity  for  evaporation 
through  the  skin,  in  order  to  {jrofit  from  the  cooling  effect. 

Hut  despite  these  handicaps,  the  advent  of  high  temperatures  may  be  so  readily 
foreseen,  and  may  f)e  so  easily  counteracted  bv  the  snake's  going  down  a  }u)Ie,  that 
the  death  of  a  rattler  from  heat  under  natural  conditions  must,  indeed,  be  a 
rare  accident. 

Areal  Differences  in  Aciivity 

I  have  discussed  the  extreme  temperatures  that  completely  limit  rattlesnake  ac- 
tivities— ^the  lethal  maximum  and  minimum  (using  the  terminology  of  Cowles 
and  Bogert,  1944,  p.  277),  and  the  critical  maximum  and  minimum,  the  latter 
the  temperatures  at  whidi  locomotion  becomes  disorganized  or  impossible.  Be- 
tween these  lie  levels  of  voliuitary  maximum  and  minimum  temperatures.  If  the 
temperature  goes  above  or  below  either  of  these,  the  snake  will  go  undeigiound 
lor  safety,  even  though,  in  the  case  of  a  voluntary  inininiuiii,  a  slill  lower  icm- 
|)erature  may  be  met  there.  The  actual  positions  of  these  levels  seem  to  vary 

•The  Saharan  vipers  cover  themselves  witli  s.ind  moio  iculily  than  itic  sidruiiuUi.  for  ilir\ 
biiiv  tliciiisclves  with  a  laiii.il  shakiiij^  motion  that  t]uitklv  lakes  tlicin  below  llic  Miifacc  d'au- 
lowsky,  1927,  p.  279;  Mosauci,  193-1.  p.  59),  whereas  llic  sidewinder  normally  beds  ilsclf  down 
only  to  a  depth  such  that  its  back  is  flush  with  the  sand  sm  fnce.  Occasionally  drifting  sand  may 
cover  it,  and.  according  to  Cowles.  it  may  actually  use  the  liead  to  hook  sand  back  over  the  Imdy. 
But  this  is  not  as  usual  or  intentional  as  is  the  case  with  the  .Xfrican  snakes.  However,  even  these 
depend  on  mammal  holes  for  their  principal  refuges,  for  Anderson  (ls'.»,s.  p.  .S:}2i  states  that  the 
majority  of  specimens  that  he  collected  were  dug  out  of  holes  prcsumaijiy  tenanted  by  roilents. 
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somewhat  with  the  species  and  the  ecological  niche  in  whicli  the  animal  lives, 
as  well  as  the  snake's  hunger  or  mating  jirocliviiy.  The  necc.v^iiics  oi  lood  and 
reproduction,  and  the  length  of  the  growing  season  may  force  a  snake  in  one 
area  to  remain  active  under  conditions  that  would  be  avoided  by  tempoiaiy 
retirement  in  another.  For  example,  the  sidewinder,  a  rattlesnake  which,  despite 
its  desert  habitat,  is  probably  as  inured  to  low  temperatures  as  any,  is  active  in 
the  higher,  colder  Mojave  Desert  at  tcmpci aturcs  that  it  seems  t(»  avf)id  in  the 
lower,  warmer  Colorado  Desert.  No  doubt  the  shorter  season  ol  preierred  tem- 
peratures in  the  Mojave  icquires  this  nocturnal  snake  to  |)ursue  its  activities 
under  more  adverse  ( oiidiiioiis  there,  if  it  is  to  have  a  growing  season  ]r)iio 
enough  to  jjcrsist  at  all.  I  have  hunted  extensively  at  night  in  both  deserts  and 
found  25  per  cent  of  the  sidewinders  taken  alive  on  the  road  at  night  in  the 
Mojave  at  air  temperatures  (63**  F.  or  lower)  below  those  at  which  any  Colorado 
Desert  specimens  were  taken;  and  75  per  cent  of  the  Mojave  specimens  were 
taken  below  a  temperature  level  at  which  only  10%  per  cent  of  the  Colorado 
Desert  snakes  were  found  (Klauber,  1944,  p.  111).  I  ha\c.  in  fact,  found  side- 
winders in  the  Mojave  active  at  air  temperatures — probably  slightly  below  50^  F., 
but  unfoi  tunatelv  beloi  e  ac  t  urate  rccoi  ds  were  kept — lower  than  that  experi- 
enced with  any  other  rattlesnake  (Klaubir.  ][y^2b,  p.  1 28:  19:>^»a.  pp.  11.  49). 
although  I  have  found  the  Mojave  rattler  (C.  s.  sculidatus)  active  at  63^  i and 
the  red  diamond  (C.  r.  ruber)  at  64°  F.  (p.  50).  It  should  be  said  that  cold,  strong 
winds  are  frequent  in  the  spring  nights  on  the  desert;  the  ground  surface  cools 
rapidly  and  there  is  little  or  no  protection  by  shrubs,  so  that  the  body  tem- 
peratures of  the  snakes  met  under  these  conditions  do  not  di£Eer  from  the  air 
temperatures. 

The  relative  degrees  of  noctiu  iialitv  among  the  rattlesnakes  apparently  dc 
pcnd  l)oth  on  the  spctiis  and  the  ecological  conditions  in  wliidi  it  lives.  Oir: 
may  start  with  the  generality  that  Nearctic  (United  States)  rattlesnakes  are  di- 
urnal or  crepuscular  in  the  spring  and  fall,  and  nocturnal  in  summer.  But  it  is 
further  evident  that  those  species  that  are  wholly  or  largely  restricted  to  deserts 
are  more  nocturnal  than  those  inhabiting  other  kinds  of  territory;  that  is,  they 
are  not  only  more  nocturnal  to  the  extent  that  their  hotter  territory  requires, 
but  they  are  apparently  nocturnal  undor  spring  and  autumn  thermal  condi- 
tions when  the  daytime  temperatures  are  nearer  the  ojjtinuin)  than  those  at 
night,  and  imder  conditions  that  would  caiisc  ilie  nontlescii  lepiiles  to  be 
diurnal.  This  is  the  case  with  sudi  desert  speiies  as  the  sidewinder  (C.  cerastes), 
the  western  tliamond  (C.  ahox),  the  Mojave  rattler  (C.  s.  scutitlatus),  and  the 
tiger  rattler  (C.  tigris).  Other  rattlesnakes,  particularly  those  that  range  through 
areas  of  diverse  ecological  characters,  seem  to  be  more  responsive  to  the  particu- 
lar thermal  conditions  that  they  must  meet  from  day  to  day — that  is,  they  are 
likely  to  be  diurnal  when  the  nights  are  cool,  and  nocturnal  when  the  days 
are  hot.  For  this  reason,  it  is  not  at  all  unusual  to  observe  temperature-activity 
differences  within  species;  for  examj)le.  the  red  diamond  (C.  r.  luhct)  and  the 
southwestern  .speckled  rattler  (C.  m.  pyrrltus)  are  niort  oiK  u  lound  out  at  ni<^lu 
in  the  desert  foothills  than  in  coastal  southern  Caliloiriia,  and  the  northern 
Pacific  rattler  (C.  v.  oreganm)  is  more  nocturnal  in  the  San  Joaquin  Valley  than 
in  the  Coast  Range  or  the  Sierra  Nevada.  However,  although  able  to  fit  them- 
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selves  to  the  local  necessities,  they  are  less  consistently  nocturnal  than  the  truly 
desert  forms.  This  greater  decree  of  nocturnality  of  desert  species  may  result 
from  the  thinner  desert  cover  that  affords  less  protection  against  enemies  and 
excessive  solar  radiation,  or  from  the  more  pronounced  nocturnality  of  the 
desert  prey. 

Admittedly  these  cxmclusions  are  not  entirely  objective.  The  difficulty  of  find* 
ing  rattlers  at  night,  compared  with  the  daytime,  discriminates  against  the  night 
observations.  Only  figures  based  on  the  live  snakes  found  by  driving  on  black- 
top roads  day  and  night  are  truly  comparative,  and  even  these  are  somewhat 
affected  by  the  degree  to  which  the  snakes  may  avoid  the  open  spaces  of  roads 
in  the  daytime  or  seek  the  warmth  of  the  pavement  as  the  desert  cools  at  night. 
I  have  given  some  comparative  figures  elsewhere  (Kiauber,  1939a,  p.  38). 

Effects  of  Food  Supply  on  Temporal  Acnvrrv 

Ckmditions  of  food  supply  seem  to  have  some,  but  not  an  overriding,  effect  on 
the  seasonal  or  daily  activities  of  rattlesnakes.  There  should  not  be  inferred  from 
this  statement  a  lack  of  importance  of  the  food  supply,  but  rather  that  the  prey 
are  so  largely  affected  by  the  same  temporal  conditions  as  the  rattlesnakes  that 
they  are  naturally  active  at  the  same  time  as  the  snakes,  which,  therefore,  need 
not  modify  their  normal  habits  to  accommodate  thenischcs  to  those  of  the  prey. 

Rattlesnakes  of  the  smaller  spec  ics  ami  the  young  of  the  larger  loi  ins  subsist 
to  a  consideral)lc  extent  on  li/.ards.  1  htse,  being  ectothermic  like  the  predators, 
are  likely  to  experience  similar  limitations  in  activity  through  the  effects  of  tem- 
perature. However,  in  general,  lizards  are  more  diurnal  than  rattlers,  which  may 
be  one  of  the  reasons  why  )oung  rattlers  are  more  diurnal  than  adults. 

With  respect  to  small  mammals,  especially  rodenu  and  lagomorphs,  although 
these  can  withstand  a  much  wider  range  of  external  temperatures  than  the  snakes, 
and  are  found  abroad  ai  limes  when  the  snakes  have  been  forced  into  seclusion, 
yet  their  activities  are  also  largely  crepuscular  or  noctmnal.  so  that  the  rattler 
need  not  change  its  schedule  to  secure  its  food.  Nevertheless,  it  is  |)robable 
that  in  sonic  desert  areas,  the  Mojave  Desert  in  jjarticular,  the  ralllesnakes  are 
moie  nocturnal  in  the  sjiring  than  would  otherwise  be  the  case,  the  night  tem- 
perature in  that  season  being  a  full  20^  V.  or  more  below  the  snake  optimum. 
The  rodents,  not  being  seriously  affected  by  the  night  temperatures,  are  nocturnal 
as  a  protection  against  diurnal  predators,  hawks  especially,  and  the  rattlers  must 
follow  suit. 

It  may  be  pointed  out  that  both  li/aids  and  mammals  seek  refuge  in  holes,  and 
w  ithout  doubt  many  a  capture  is  made  by  a  rattler  without  stirring  from  its  own 

hiding  place. 

Sea^unallv,  somewliai  the  same  lavorable  ( ontlitions  exist  lux  llic  predators. 
1  he  annual  crop  of  young  lizards  is  born  at  the  same  time  as  the  newly  bom 
rattlers  that  require  them  for  food.  Fitch  (1949a,  p.  549)  has  pointed  out  how 
favorably  the  seasonal  activities  of  the  ground  squirrels  on  the  San  Joaquin 
Experimental  Range  fit  with  those  of  the  rattlers  that  prey  on  them,  to  the  advan- 
tage of  the  snakes.  The  ground  squirrels  arc  diurnal;  the  young  are  born  in  the 
spring  and  are  of  just  the  right  si/e  to  furnish  a  full  meal  for  adult  rattlers  at 
the  time  the  latter  are  diurnal  and  at  the  seasonal  peak  of  their  activity. 
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CLIMATE  AND  SIZE 

Cowles  (1945,  p.  563;  see  also  Bogert.  1949*  p.  201)  has  pointed  out  that  reptiles 
tend  to  be  lai;ger  in  wanner  and  smaller  in  colder  dlmates.  Among  the  rattlers 
this  is  more  evident  altitudinally  than  latitudinally,  for  most  mountain  species 
are  small,  and  species  that  range  through  a  wide  belt  from  lowlands  to  moun- 
tains arc  re|)rc-sciited  by  smaller  individuals  at  the  higher  elevations.  But  with 
respect  to  laiituclcs,  the  size  variation  is  neither  so  evident  nor  consistent.  Gcneri- 
cally  speaking,  the  rule  docs  hold;  the  largest  species  {(Kfatnautriis.  ntrox.  (/(/r;\u/\, 
and  basil isnts)  arc  found  in  the  wanner  areas  of  the  I'nited  Stales  and  Me\i(o. 
intrasjjecilitally,  the  theory  sometinici)  holds  and  sonictiuics  does  not,  for  food 
supply  may  prove  of  overbalancing  importance*  The  prairie  rattler  (C.  v.  viridis) 
reaches  its  greatest  size  in  the  north;  at  its  southwestern  limit,  in  the  barren 
Painted  Desert,  it  is  represented  by  a  stunted  form,  the  Arizona  prairie  rattler 
(C.  V.  nuntius),  and  in  the  intermountain  area  by  the  midget  faded  rattler  (C.  v, 
decolor).  The  western  massasai^  (S.  r.  tergemirius)  is  smaller  than  its  northern 
relative,  the  eastern  massasauga  {S.  r.  catevntus).  The  northern  Pacific  rattlesnake 
(C.  T'.  oregatius)  seems  to  reach  as  large  a  si/e  in  AV^ashington  as  in  central  Cali- 
fornia. On  tlie  olhci  haiul,  tlic  caiicl^i  akr  l  attlci-  (C.  //.  atricniuhitus)  is  larger 
than  its  northern  iclaiivc,  the  timber  laitici  (C.  h.  horridus).  Similarly,  the 
southern  sidewinder  (C.  c,  lateroiepens)  is  larger  than  the  northern  (C.  e.  cerastes). 

Stradling  ( 1 88 1 ,  p.  148)  daimed  that  British  snakes,  when  removed  to  the  tropics, 
grew  to  a  larger  size  than  at  home.  We  have  not  found  this  to  be  the  case  at 
the  San  Diego  Zoo,  where  many  kinds  of  snakes  are  kept  under  ecological  condi- 
tions assumed  to  be  more  favorable  than  their  natural  habitats. 

DEFENSIVE  AND  WARNING  BEHAVIOR 

As  I  have  discussed  in  chajner  If),  rattlesnakes  have  many  kinds  of  enemies. 
F.s{a})e  from  these  is  one  of  the  three  most  important  retjuirements  necessitating 
delmitc  action  upon  the  part  of  the  snakes  if  they  are  to  survive,  the  others 
being  the  pursuit  of  food  and  mates.  Naturally,  the  reaction  of  a  rattlesnake  to 
the  threat  of  an  enemy  de|^nds  largely  on  the  character  of  the  enemy  and  the 
accessibtlty  of  a  refuge,  as  well  as  on  the  disposition  of  the  rattlesnake.  But,  in 
general,  there  are  three  successive  phases  of  defense:  an  endeavor  to  avoid  detec- 
tion through  quiescence  and  piMit  (  tive  (oloration — the  so-called  method  of  pro- 
crypsis:  an  endeavor  to  escape  l)y  liight;  and  (inally,  if  these  fail,  an  active  defense 
by  (oiling.  threatening,  and  even  striking.  This  last  resf)rt  may  be  (piite  spec- 
tacular, and  is  the  particular  rattlesnake  attitude  upon  w  hich  its  sinister  reputa- 
tion is  largely  based. 

Disposition  and  Temperament 

Since  a  rattler's  response  to  an  exterior  threat  is  b\  no  means  stereotyped,  but 
depends  on  botli  the  sjx^cies  of  snake  and  its  individual  temperament,  it  will  be 
desirable,  fiist.  to  touch  on  some  of  the  factors  that  affect  the  nature  of  the  snake's 
reaction  to  intrusion. 
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It  hardly  needs  to  bo  said  that  the  actions  of  rattlesnakes  in  defense  (an  be 
judged  objectively  only  by  those  who  have  had  exjicricnce  with  them  and  are  not 
unduly  frightened  by  their  threatening  attitudes.  The  uninitiated  are  likely 
to  be  so  startled  that  they  see  a  violent  attack  even  in  a  snake  retreating  toward 
some  hiding  place. 

Thore  are  undoubtedly  species  differences  in  rattlesnake  temperaments*  for 
some  are  more  nervous  and  excitable  than  others.  They  show  this  by  throwing 
themselves  into  a  striking  coil  more  readily  and  quickly —  they  are  "on  the  prod," 

to  use  an  expressive  Western  phrase.  If  kept  in  (;ij)tivity,  sucJi  species  retain  a 
menacing  demeanor  longer  than  others,  although  almost  all  rattlers  eventually 
become  inured  to  the  jjresenre  of  human  beings. 

At  the  t()|)  of  the  list  of  lattlers  cjuick  to  anger.  I  shoidd  put  the  western  tliamond- 
back  (C.  at) ox),  followed  dosely  by  the  eastern  dianiondbac k  (C.  (ulniiunttcus), 
and  then  by  several  of  the  subsjxicics  of  the  speckled  rattlesnake  (C.  niilchelli). 
At  the  other  end  of  the  scale  would  be  a  notably  peaceful  rattler,  the  red  diamond 
(C.  r.  ruber)t  a  surprisingly  mild-mannered  snake  in  view  of  its  close  relationship 
to  the  western  diamond. 

Of  course,  all  observers  do  not  agree  on  the  relative  placing  of  the  several 
species  when  graded  as  to  temperament,  for  it  is  inevitable  that  their  conclu- 
sions sliould  be  aflerK  il  by  their  own  field  experiences  ■with  iiuli\i(lual  snakes. 
The  following  sinninarits.  in  an  alphabetical  ordei  ol  species  irthnical  names 
rather  than  in  an  order  having  any  reference  to  a  scale  of  tempei  anient,  give  some 
indication  of  species  variations.  Although  differences  of  opinion  are  expressed 
by  the  correspondents  quoted,  some  general  agreement  is  evident. 

lui.slon  Didfii'md  Ralllesnukr  (C.  adamanteus). — It  is  generally  agreed  that  the 
eastern  {li;nii( indljack  is  one  rattlesnake  that  is  ever  i  eaily  to  defeml  itself,  and 
will  often  st.mil  its  ground  against  an  adveisai\.  Main  cajnive  spedniens  remain 
intractable  over  long  periods.  Ross  Allen  of  Silver  Springs,  Florida,  who  has 
handled  many  thousands  of  these  snakes,  both  in  the  wild  and  in  captivity,  has 
this  to  say  about  their  characteristics: 

Comparing  (he  diaiiiundback  (C.  adaniantctis)  with  other  ratllc-snakcs  I  have  handled,  I 
find  it,  on  the  average,  to  be  the  most  dangerous  and  most  persistent  striker  of  all.  The 

Kcstcrn  diainntui  (C.  ohr>\)  is  the  onl\  clo-ic  second.  I  Iiave  seen  (lianinndl);uks  iliat  would 
continue  to  rattle  and  strike  at  me  dozens  u(  litncs  each  day  for  a  month.  Like  other  snakes, 
their  temperaments  and  reactions  \aty,  according  to  the  snake  and  conditions. 

If  a  diamondback  has  a  chance  to  crawl  away  respectably,  and  hide  from  an  intruder,  he 
will  do  so:  bill,  if  approached,  (criaiii  iiulividuals  will  coil  and  rattle  anfl  blow  and  strike 
viciously.  I  have  never  known  the  diamondback  to  attack,  but  ha\e  seen  them  strike  with 
such  force  as  to  slide  forward.  I  have  seen  diamondbacks,  after  striking  in  vain  and  becoming 
discouraged,  crawl  away,  neverthelem  assuming  a  defensive  posiiicm  as  they  crawled  back- 
wards or  sidewavs  into  the  briisli.  1  tan  safely  say  that  the  eastern  diamoiidhat k  rattlesnake, 
as  a  general  rule,  will  stand  his  ground  and  fight  rather  than  letieat  or  escape. 

Another  collector  states: 

There  seems  to  be  a  great  deal  to  be  said  both  pro  and  con  as  to  the  aggressiveness  of 

C.  adamanteus.  Of  all  that  I  have  handled  and  caught,  I  have  never  had  one  attack  deliber- 
ately. Most  of  them  have  beat  a  slow,  backward  retreat  for  co\er,  while  at  the  same  tinu- 
poised  in  a  most  threatening  defensive  altitude.  Others  have  tried  to  remain  uiuioiiied 
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by  flattening  quicli),  while  slill  uilicis  have  made  a  "bee-line"  for  cover  as  would  a  common 
blacksnake.  I  do  not  T^rd  the  diamondback  as  being  actually  aggressive  at  all.  John  S.  C. 
Boswell,  Alexandria,  Va. 

Haltom  (1951,  p.  100)  says  that  adamanteus  will  not  retreat  at  approaching 
danger,  but  Schrenkeisen  (1930,  ]).  ()8)  mentions  several  incidents  in  which  it  was 
not  aggressive. 

Carr  (1940,  p.  95)  remarks  of  the  eastern  diamondback: 

Its  temperament  is  somewhat  maligned  by  popular  report.  There  seems  to  be  a  great  indi- 

vidnal  \.irialion  in  dis|X)sition;  on  n  \c\\  few  occasions  I  have  heard  diani()ndl)acks  rattle 
in  apparent  rage  at  my  presence  when  they  were  concealed  in  palmettos  20  or  30  feet  away. 
Much  more  often,  however,  they  permit  one  to  approach  within  2  or  3  feet  before  becoming 
agitated. 

Wrstrri}  Ditnunnd  Rnttlcsnahr  iC.  atrox).  -Most  ol  those  who  have  had  experi- 
ence with  many  species  ot  ruiik;>nakes,  alike  m  the  liekl  aiul  in  capiivily,  agree 
that  the  western  diamond  is  the  most  temperamental  and  aggre»ive  of  the  rattlers 
found  in  the  United  States.  In  the  wild,  it  is  ever  ready  to  throw  itself  into  its 
striking  coil  and  to  dispute  the  way  with  a  trespasser;  and  in  captivity  many 
specimens  maintain  a  fighting  attitude  for  a  long  time.  This  is  a  dangerous  rattle- 
snake, quick  to  ansci ,  and  resolute  in  defense:  one  whose  threatening  demeanor 
when  aroused  is  backed  by  a  hair-trigger  readiness  to  strike. 

Oiiitc  consistently,  I  find  «/")\  far  more  argiinicntati\e  and  hostile  than  molossus.  Onlv  a 
little  aiino\ance,  after  ics  initial  attempt  at  escape  has  occurred,  will  usually  stir  atrox  to 
hostility,  although  not  many  in  my  ex|>erience  get  angry  enough  to  make  lunges  at  their 
persecutor,  even  when  teased  with  a  stick.  Of  course,  when  one  is  injured,  it  is  much  more 
likdy  to  strike.  Eart  Jackson,  Nati<m<d  Park  Service,  Las  Vegas,  Nev. 

Wcrlcr  (1950,  p.  82)  says  of  the  western  diamondback: 

It  has  an  iiiuisiially  furious  disposition  and  if  threatened  with  danger  or  sutiiciently  annoyed, 
will  vigorously  defend  itself  instead  of  seeking  Immediate  escape. 

Mrxiam  W  c.sl-CoasI  linttlcsnahr  (C^  b.  I)asilis(ns). —  This  lattksiiake  tames  cjuickly 
in  captivity,  as  we  have  lound  at  the  San  Diego  Zoo,  and  as  Mrs.  Wiley  reported 
(im  p.  100). 

Sidnvinder  (C.  cerastes). — ^All  through  the  Southwestern  deserts,  the  sidewintk^r 
has  the  popidar  reputation  of  l)cing  pariiciihirly  malignant  (Gibson,  HIIO,  p.  25; 
Blackforii,  IlMfi,  p.  10),  but  I  think  this  is  largely  the  rtsiilt  of  the  roinaiuc  that 
attaches  to  this  quet  i  lilllc  tkst  rt  raltU  i,  <  hai  a(  Ici  i/( d  I)v  sf)  laiilastic  a  nu  thod 
of  crawling.  Whether  in  the  field  or  at  the  loo,  1  have  loiind  it  an  average  rattler 
in  disposition,  neither  especially  pugnacious  nor  tranquil. 

Central  .hurrirnv  RattlesiuiUe  (C.  d.  diirissiis). —  Nfarcli  (IDL'S.  p.  :.S;  \\)Xk  |).  72) 
thotight  this  a  calmer  and  less  excitable  rattlesnake  than  tnloiiuifitt'i/s  ami  at)  ox. 
Uowevei,  he  also  reported  it  to  be  a  sinister  atid  insolent  snake,  sianding  its 
ground  when  approached,  and  more  aggressive,  it  attacked,  than  most  Xearctic 
rattlers.  He  called  it,  in  its  method  of  defense,  the  most  speaacular  venomous 
snake  in  the  New  World.  (Fig.  7:5  shows  its  threatening  posture.)  The  South 
American  subspecies  (C.  d.  terrificus)  is  said  to  be  of  similar  temperament. 
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T'nnht  y  Rattlesnake  (C.  li.  hoiiidus). — The  timber  rattksnakc  and  its  relative 
the  canelnake  (C.  //.  atricaudattis)  arc  said  to  be  relatively  niiki-nianiRied  (Dii- 
iiiars,  1907.  p.  444;  1935,  p.  33;  193G,  p.  369;  Wiley,  1930,  p.  103;  Sdimidi  and 
Davis,  1941,  p.  301;  Hudson,  1942.  p.  87;  Cook.  1943,  p.  53;  Breckenridgc,  1944, 
p.  156;  McCaulcy,  1945,  p.  137).  Ditmars  (1936,  p.  369)  thought  that  the  timber 
rattlesnake  preferred  retreat  to  combat,  and,  though  rattling  harshly  when  dis> 
turbed,  would  generally  glide  away,  sounding  its  warning  note  as  it  went.  But, 
if  cornered,  it  would  fight  bravely. 

Small-Headed  Rattlesnake  (C.  intermedius). — I  was  advised  by  R.  W.  Axtell  that 
the  subspecies  C.  i.  omiltemanus,  because  of  the  high  altitudes  where  it  occurs, 
is  almost  entirely  diurnal,  and,  in  fact,  is  usually  out  in  the  sun.  Those  found 
basking  were  very  nervous  and  would  coil  and  strike  upon  the  least  provocation. 

Rock  Rattlesnake  (C  lepidus). — Of  the  eastern  form — the  mottled  rock  rattler 
(C.  /.  lepidus}— yjetler  (1950,  p.  32)  says: 

It  has  a  quiet  disposition  and  if  alaimed  will  immediately  retreat  within  the  masses  of 
jufflhied  rock  whid)  are  its  home, 

J.  T.  Wright  of  Tucson,  Arizona,  has  advised  me  that  the  western  subspecies — 
the  banded  rock  rattlesnake  (C.  I.  klauberi) — is  a  timid  and  peaceful  snake.  Kauf- 
feld  (1943a,  p.  350)  judged  it  to  be  timid  but  quite  irritable — even  frenzied — at 
times.  Woodin  (1953,  p.  294)  remarks  that  it  evinces  curiosity,  since  it  does  not 
escape  so  deep  into  the  rock  slides  as  it  might  for  its  own  protection,  preferring 
to  stay  \\here  it  can  watch  an  intrude  i  .  I  .  H.  Cook  reported  that  snakes  of  this 
subspecies  retreated  when  discovered,  but  rattled  as  they  went. 

Speckled  Rattlesnake  (C.  mitchelli). — have  always  found  the  various  subspecies 
of  the  speckled  rattler — except  C.  m.  stephensi — to  be  rather  nervous  and  pug- 
nacious, more  so  than  viridis  and  its  subspecies. 

Charles  II.  Lowe,  Jr.,  thus  reports  his  experiences  with  the  stunted  snakes  (C. 

m.  miirrtcnsis)  on  Kl  Miierto  Island: 

Tlie  rattlesnakes  (all  nine)  showed  vicious  dispositions.  They  rattled  continuously  from 
the  moment  they  saw  or  sensed  someone  approaching,  and  continued  to  do  so  for  a  con* 
siderable  time  after  being  put  in  sacks.  When  tuiRhrd,  tlu-y  thrashed  their  bculics  about 
wildlv.  One  snnke  liit  tho  dirt  ilncr  or  fonr  times  in  raj^c  when  ht  ld  down  hv  tlic  neck. 
Another  thrashed  so  violently  and  suddenly,  after  being  picked  up  by  the  neck,  that  he 
threw  himself  right  out  of  my  giasp  and  onto  the  ground.  Their  vigorous  actions,  when 
within  close  proximity,  lead  one  to  lx'lie\e  l1i.it  tlu  y  li;i\e  or  liave  had  some  important 
enemy,  perhaps  a  bird  of  prey.  Ospreys  and  duck  hawks  live  on  the  island. 

The  late  Mrs.  Grace  O.  Wiley  thought  the  speckled  rattler  unusually  gentle, 
but  this  may  have  been  because  the  specimens  she  discussed  in  the  following  com- 
munication of  some  25  years  ago  had  already  been  in  captivity  for  some  little  time 
when  sent  her: 

C.  mitchelli^'*  excels  ;m\  tiers  of  mv  experience  in  gentleness.  One  hour  after  I  got  yonr 
rattlers  I  was  stroking  them  with  my  hand  and  they  were  liking  it.  1  wouldn't  have  dared 
to  do  this  with  newly  captured  C.  atrox.  One  milchetli  humps  Its  back  as  I  stroke  it.  It  will 
climb  on  my  shoulder,  arrange  itself  in  a  comfortable  position  (sometimes  around  my  neck) 
and  remain  thus  for  half  an  hour.  I  can  walk  around  and  the  snake  never  becxtmes  frightened. 

I*  Actually  the  subspcdct  C.  m.  pytxhus. 
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With  regard  to  tlic  disposition  of  the  Pananiiiu  rattler  (C.  m.  stephensi),  Wilbur 
Doudna,  then  of  Boulder  City,  Nevada,  wrote  me: 

With  one  exception,  T  liavc  foiitul  these  rattlesnakes  mild-inanuoird.  This  exception  was  one 
on  a  trail  high  up  on  Tin  Mountain  in  the  Death  X'allcy  coiintrv.  It  was  late  at  night, 
probably  ten  o'clock,  and  i  was  feeling  my  way  along  the  trail  tr}ing  lu  gci  back  into  camp, 
when  the  reptile  sounded  off  at  my  feet.  It  seemed  very  angry,  and  never  slopped  rattling 
for  an  instant.  In  the  daikiiess  I  conid  see  it  onlv  as  a  darker  I)!iir  on  tlic  unround.  It  pa\'c 
ground  slowly  and  only  after  niucti  activity  on  my  part.  \\c  managed  to  circle  around  it 
off  the  trail,  leaving  it  in  possession.  In  contrast  to  that,  the  largest  Panamint  rattler  I 
have  ever  seen  was  at  Gold  Belt  Spring  in  the  same  general  region.  I  teased  and  abused  this 
one  iinmcrcifidly  for  half  an  hour,  trying  In  roiisc  it  to  anger  without  success.  I  couldn't 
get  a  rattle  or  a  strike  out  of  it.  It  seemed  to  be  normal  in  every  way;  it  was  in  gCMul  condi- 
tion and  the  weather  was  warm,  so  it  was  not  sluggish  because  of  temperature.  The  point  I 
wish  to  make  is  that  I  have  found  this  species  unsually  gentle  in  nearly  all  of  my  contacts 
with  it. 

I  agree  that  stephensi  is  less  excitable  tlian  pyrrhits,  with  which  I  have  had  a 
considerable  field  experience.  The  latter,  when  one  comes  upon  it,  will  usually 
rise  almost  at  once  into  a  threatening  coil  and  will  stand  its  ground. 

Northern  Black-Tailed  Rattlesnake  (C.  ni.  molossus). — .\t  the  San  Diego  Zoo  we 
have  not  found  this  rattler  conspirtiously  dilVcrcnt  irotn  otliers.  Taylor  (1936, 
p.  497)  reports  one  that  did  not  rattle  when  approached.  Schmidt  and  Smith 
(1944,  p.  94)  found  it  more  inoffensive  than  the  western  diamond.  J.  T.  Wright 
of  Tucson,  Arizona,  writes: 

The  black-tailed  rattlesnake  has  a  reputation  for  aggressiveness,  but  several  years  of  asso> 
dation  with  it  in  the  field  seem  to  me  to  prove  the  opposite. 

Worrier  (19.')0.  p.  T?,)  also  roninicnts  on  the  fact  that  some  ol)servers  consider  the 
blucktail  irritable,  whereas  others  claim  that  it  is  quiet  and  docile. 

Arizona  Twin-Spotted  Rattlesnake  (C.  p.  pricei). — L.  H.  Cook  collected  a  ninn!)er 
of  these  littU  rattlesnakes  in  the  Chiricahua  Mountains,  Arizona.  He  said  they 

rattled  when  tlisrovcred,  and  continued  rattling  as  they  sought  rover.  The  rattles 
are  so  tiny  they  were  barely  audible.  Kauffeld  (1943a,  p.  353)  found  pricei  calm, 
much  less  nervous  than  klauberi. 

Red  Diamond  Rattlesnake  (C  r.  ruber). — ^This  handsome  California  rattlesnake, 
although  a  close  relative  of  the  western  diamond,  is  conspicuously  different  in 
temperament,  for  it  is  probably  the  mildest-mannered  of  all  rattlesnakes.  If  not 

roughly  treated,  it  ran  often  be  caught  without  its  making  any  attempt  to  bite, 
or  even  to  sound  the  rattle.  In  captivity  it  quickly  settles  down  to  a  peaceful  and 
lethargic  existence. 

San  Lucan  Diamond  Rattlesnake  (C.  r.  lucasensis). — This  snake  is  intermediate 
between  atrox  and  ruber  in  many  characteristics,  and  this  is  true  also  of  disposi- 
tion, although  it  leans  more  toward  tlic  peaceful  rul)rr. 

Veatrh,  as  long  ago  as  1869  (p.  151),  reported  that  the  little  Ccdros  Island 
diamond  rattler  (C.  exsiil)  was,  like  its  large  mainland  relative,  ruber,  of  a  mild 
character,  difficult  to  provoke. 
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Mojnvc  Rattlesnake  (C.  s.  scutulatus). — This  desert  species,  although  long  con- 
fused with  the  western  diamond  (C  ntrox),  is  more  pcacefvi]  in  disposition.  Some 
of  tlie  rondiciing  reports  on  western  dianioiuls  arise  Ironi  contusion  with  this 
rattler.  Because  of  its  greenish  color,  scutulatus  has  also  been  tonlused  with  the 
blacktail.  I  have  often  collected  it  at  night  in  the  Mojavc  Desert  and  found  that 
it  usually  endeavored  to  escape  and  only  made  a  stand  when  prevented  from 
reaching  a  refuge.  L.  H.  Cook  reported  that  Arizona  specimens  rattled  only  when 
annoyed. 

Tiger  lialllesnake  (C.  tigris). — Such  tiger  rattlers  as  we  have  had  in  captivity 
quickly  became  lethargic  Schmidt  and  Davis  (1941,  p.  306)  state  that  this  is  a 
relatively  inoffensive  rattler,  not  prone  to  rattle  or  strike. 

Tortuga  Island  Diafiiondhtu  h  {i'..  tortii^cnsis). —  Tiiis  island  form  is  less  excitable 
and  nervous  lliaii  its  niaiidaiid  relative,  the  western  diamond  (C  atiox).  \'an  Den- 
biirgh  (1922,  vol.  2,  j).  919)  said  they  would  rattle  vigorously  when  approached. 

Dusky  Hatth'suahr  (C.  triscriatus). — According  to  Davis  and  Smitli  (19')-?,  p.  112) 
this  little  rattlesnake  is  rathei  docile:  sijccimens  made  no  attempt  to  strike  when 
caj)tui  (  (1.  Dr.  F.  A.  Shannon,  on  Cerro  I'aiicitaro,  foiuul  them  alert,  quickly  cscap- 
inj^  under  locks  when  approached. 

Aruba  IsUnid  Raltlrsnnkc  (C.  luiicolor). — This  island  tattler,  although  ready 
enough  to  (klcnd  itself,  docs  not  have  the  assurance  characteristic  of  durissus 
and  its  mainland  subspecies. 

Western  Rattlesnake  (C.  viridis). — ^The  se\eral  subspecies  of  the  western  rattle- 
snake— the  prairie  (C.  j'.  viridis).  Great  Basin  (C  v.  lutosus),  northern  Pacific 
(C.  7'.  nrrn;anus),  southern  Pa(ifu  (C.  t.  hcllcri),  Arizona  black  (C.  t'.  cerberus). 
Gland  (Canyon  (C  x'.  abyssus),  mi(lji,et  laded  (C  v.  decolor),  and  .Arizona  prairie 
rattlesnake  (C  j'.  nuntius) — are  niudi  alike  in  tem|)eram(.  ni,  and  may  be  said 
to  represent  the  rattlesnake  mode  in  this  characteristic,  for  they  are  neither  particu- 
larly disputatious  nor  lethargic.  Their  reactions  usually  depend  on  the  conditions 
under  which  they  are  discovered.  Although  they  generally  try  to  escape,  they 
will  put  up  a  good  fight  if  cornered  or  teased. 

Of  the  prairie  rattlesnake  in  the  field,  Hudson  (1942,  p.  88)  reports  that  some 
individuals  rattled  furiously  when  disturbed,  yet  others  failed  to  do  so  even  when 
tormented,  for  they  struck  savagely  without  rattling. 

I  shall  always  remember  the  Grand  Canyon  miilt  su  ike  (C.  v.  abyssus)  as  a  snake  of  nuirc 
or  less  even  temperament.  While  I  h:ne  met  a  leu  iiulix  idiiats  (hat  demnnsi rated  a  rertain 
amount  of  viciousness,  for  the  most  part  tlicy  were  ca-sy  lu  handle.  One  incident  that  took 
place  in  Nankoweap  Canyon,  a  branch  of  Grand  Canyon,  Illustrates  pretty  welt  how  prone 
ihi'^  r<  ptile  is  to  avoid  trouble.  I  was  campiiv  in  the  bottom  of  the  canyon  late  one  summer. 

Karlv  one  morning,  while  prcparini?  breakfast,  I  vent  down  (o  ilic  (reek  trt  pet  a  tlrink. 
Lacking  any  drinking  cup,  I  knelt  down  by  the  stream  tu  drink  directly  troni  the  stream. 
In  so  doing  I  put  my  hand  upon  a  large  rock  at  the  side  of  the  stream,  lowered  my  face 
to  the  water,  and  had  an  enjoyable  drink.  However,  as  I  finished  I  was  chilled  considerably 
by  lookiiit;  back  under  my  chest  and  noting  one  of  these  rattlers  coiled  there,  with  his  head 
approxiinaiely  8  to  12  inches  from  niy  chin.  Vou  may  be  sure  that  I  moved  very  cautiously  in 
raising  my  head  up  out  of  harmls  way,  and  just  as  cautiously  in  removing  my  body  out  of 
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range  of  the  snake.  During  all  this  time,  (he  only  action  that  I  saw  in  the  snake  was  the 
questioning  attitude  of  his  flicking  tongue.  Obviously  he  was  not  at  all  angered  at  my  pres- 
ence and  was  apparently  only  curious  to  know  what  it  was  that  had  disturbed  him.  'Du  re 
was  no  warning  given  at  anv  time;  certainly  there  was  no  attempt  made  to  strike.  Alter 
my  nerves  had  settled  a  bit,  I  teased  this  rattler  to  see  what  he  would  do.  His  only  reaction 
was  to  try  to  get  under  the  rock  by  which  he  was  coiled.  Russell  K.  Grater^  Pork  Natwralistf 
Rocky  Mountain  National  Park,  Esles  Park,  Colo. 

The  southern  Pacific  lattkr  (C  r.  hcUcri),  is  a  rather  nervous  snake,  easily 
roused  to  defend  itself.  This  is  particularly  evident  when  it  is  contrast^  with 
the  placid  red  diamond  (C.  r.  ruber),  with  which  it  shares  much  of  its  range. 
Grinnell  and  Grinnell  (1907,  p.  50)  have  reported  a  number  of  field  experiences 
with  this  subspecies. 

Ridgc  Xosed  Rattlesnake  (C.  willaidi). — W'ooclin  (1953,  p.  295)  found  two  speci- 
mens of  the  Arizona  subspecies  (C.  w.  wHlardi)  that  made  no  attempt  to  escape, 
and  offered  little  re«stance  to  capture.  Stebbins  (1954,  p.  484)  says  willardi  is 
prone  to  turn  and  bite  without  coiling. 

Massauiu;:^'!  (S.  rntcnaius).  Rutlncn,  1  hoiiip'^on,  and  Gaigc  (1928,  p.  131)  found 
the  noi  ilu  in  siil>s|j(  (  ics  a  slu^gi.sli  siiakr.  slow  to  bite,  and  one  that  usually 
sounded  its  laitie  before  striking.  II.  M.  Mniili  (1950,  p.  298)  reported  it  more 
dodle  than  most  other  rattlers.  Woodin  (1953,  p.  294)  met  one  of  the  southern 
subspecies  (5.  c,  tergeminus)  that  was  nervous  and  irritable;  but  Werler  (1950, 
p.  31)  considers  this  one  of  the  most  placid  of  rattlers,  little  inclined  to  use  its 
rattle  or  to  threaten. 

P/gmj  liattianake  (S.  miliaiuis). — Diiniars  (193G,  p.  344)  says,  with  reference  to 
the  Carolina  subspecies  (S.  m.  miliarius),  that  when  annoyed  this  little  snake 
will  throw  its  body  into  a  fighting  coil,  sound  its  rattle,  and  give  vent  to  its 
anger  by  vicious  jabs  in  the  tlirection  of  the  disturbance.  Allen  and  Neill  (1950b, 
p.  10)  state  that  the  southeastern  subspecies  (5.  m.  barhouri)  has  a  fiery  disposi- 
tion. Werler  (1950,  p.  31)  says  that  the  western  subspecies  (5.  m.  streckeri)  is  more 
aggressive  than  the  massasauga. 

Variability  in  Temperament. — ^In  summary,  C.  B.  Perkins  has  this  to  say  of  his 
experiences  with  several  species  of  rattlers  at  the  San  Diego  Zoo: 

As  far  as  temperament  is  concerned,  rattlers  differ  both  individually  and  specifically.  Most 
red  diamonds  {C.  r.  ruber)  are  very  gentle.  Often  one  is  caiight,  brought  to  the  7.oo,  and  pnt 
in  a  cage  without  sounding  its  rattle  at  all,  even  though  the  puMic  is  walking  by,  a  few 
inches  away,  on  the  otiier  side  of  the  glass.  The  western  diamond  {C.  alrox)  puts  up  a  big 
fuss  in  the  field  and  most  specimens  continue  to  be  nervous  for  a  long  time.  The  prairie 
rattler  (C.  viridis)  also  is  excitabte  in  the  field,  hut  usually  prefers  to  run  away  instead 
of  standint;  its  giouud  us  do  so  manv  western  diamonds.  As  soon  as  it  is  in  a  cage,  however, 
it  usually  quiets  down  at  once.  The  Great  Basin  rattler  (C.  v.  lutosm)  is  just  about  as  mild- 
tempered  as  a  red  diamond.  Some  southern  Pacific  rattlesnakes  (C.  v.  hellerij  are  very  pug- 
nacious but  others  are  mild-tempered.  I  know  nothing  about  eastern  diamondbacks  (C. 
aflania'ileus)  in  the  field,  but  one  specimen  we  have  strikes  at  the  Ir.nst  pio\n(ation.  .\n- 
other,  here  for  several  years,  still  rattles  every  time  his  cage  door  is  opened.  However,  he 
does  not  assume  a  striking  position  but,  instead,  sticks  his  head  out  as  though  he  were 
curious. 
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That  there  are  diffcrciKcs  in  temperament  between  individuals  ot  ilie  same 
s[)ccics,  as  remarked  by  Wr.  Perkins,  is  knoun  to  all  ('\|)('ricnccd  field  men.  A 
few  examples  £rom  among  those  mentioned  by  my  correspondents  may  be  cited: 

Certain  individual  casicrn  diamoiidhack  rattlesnakes  will  not  rattle  or  offer  to  hilc.  even 
when  picked  up.  In  (act,  it  is  possible  to  reach  down  and  slip  your  hand  underneath  them 
and  pick  them  up  as  you  would  a  harmless  snake.  I  have  had  several  that  did  not  rattle 
for  a  month  at  a  time,  uhilc  wc  kc|)i  tlicm  in  captivitv  and  moved  llictii  ahoiu.  Some 
individuals  show  more  fight  than  others  and  some  will  retreat  sooner  than  others.  Ross 
Allen,  Silver  Sprittg<:,  Fla. 

I  caiiglil  a  large  iliamondhac k  in  ilic  Okc  ri  iinkec  ^\vamp  tliai  was  lame  from  the  litst  tlay 
1  caught  il.  I  cuuld  pick  il  up  anywhere,  plate  it  uii  ttie  groiuid.  and  tlien  pick  it  up  again 
by  the  middle  of  the  body  anywhere  any  time.  I  could  stroke  its  head  while  it  was  coiled 
with  the  head  raised.  looking  at  me.  This  was  the  only  tame  one  in  all  my  experience. 
Herbert  E.  Mitchell,  Saint  Stephen,  S.  C. 

-> 

Here  in  the  Yellowstone,  my  only  omtact  with  rattlesnakes*^  has  been  on  the  north  edge 
of  the  Park.  Most  of  these  snakes  exhibit  the  same  temperament,  makit^  every  eifort  to 
escape.  However,  I  found  one  tliat  was  extremely  vicious  and,  when  onre  roused,  struck 
repeatedly  and  with  such  vigor  that  it  was  straightened  out  on  the  ground  after  each  strike. 
It  made  no  effort  to  escape,  but  kept  u]>  the  light  untU  killed.  Her^d  /.  Brodrick,  NatUmal 
Park  Sendee,  Yellowstone  Park,  Wyo. 

Every  rattlesnake  seems  to  be  diilercnt.  I  have  come  across  rattlesnakes  that  woidtl  sneak 
off  and  try  to  evade  me  without  making  a  sound,  and  again  I  have  contacted  some  that 
would  strike  and  rattle  at  the  same  time,  that  is,  when  approached  unexpectedly.  But  most 
snakes  will  give  you  a  warning  in  time  to  avoid  being  bitten  by  them,  and  will  flee  or  crawl 
into  a  hole.  Gustave  It'.  Koski,  U.  5,  Fish  and  W  ildlife  Service,  Windham,  Mont, 

-> 

There  seems  to  be  a  great  deal  of  difference  in  rattlers.  Some  will  try  to  get  away,  others  will 
coil  up  and  light.  Lavrrence  Kelly,  Harper,  Oreg. 

Some  rattlers  seem  to  he  mad  all  the  time  and  alwavs  rcadv  to  liijht,  while  others  lie  «piiet; 
sonic  will  rattle  as  soon  as  they  see  you,  and  others  will  not  rattle  until  handled  roughly. 
Some  will  strike  before  they  ring  the  bell,  others  will  ring  the  bell  first.  What  they  will  do  Is 
any  man's  guess.  /.  D.  Bankston,  Mason,  Tex, 

A.  M.  Jackley  (1946a,  p.  1),  in  his  long  experience  with  prairie  rattlesnakes  in 
South  Dakota,  found  considerable  individual  differences,  some  trying  only  to 
escape,  while  others  would  defend  themselves  violently.  He  concluded  that  rat- 
tlers were  not  to  be  trusted,  for  some  would  violate  all  rules  (p.  2).  Others  who 
have  commented  in  pnblished  reports  on  individual  idiosyncrasies  arc  Diiges  (1877, 
p.  15),  W.  (1894,  p.  488),  Rittcr  (1921.  ]).  2!*),  and  Storer  ami  Wilson  (19:52.  p. 
1(j9).  I  myself  have  noted  similar  tcmjjcrameiital  vai  iatioiis  in  such  lot  ins  as 
rubrr,  /icUcri,  and  stululattis.  1  saw  one  soiitluiii  I'adlii:  tattler  (C.  Iicllm) 
that,  after  3  years  in  captivity,  still  coiled  and  rattled  wlicn  anyone  approached. 

Fitch  (1919a,  p.  518)  has  this  to  say  about  the  variability  of  temperament  in 
the  northern  Pacific  (C.  v.  oreganus)  at  the  San  Joaquin  Experimental  Range: 

Upon  discovery,  snakes,  either  coiled  or  actively  prowling  in  exposed  places,  often  lay  mo- 
tionless and  did  not  rattle.  One  found  prowling  on  a  bare  SWale  bottom  e\en  allowed  a 
person  to  stamp  heavily  just  beside  its  head  without  making  any  movement.  When  actually 

^  The  prairie  rattlesnake  (C.  v.  viridis). 
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touched,  siicii  snakes  tried  viguruusly  to  escape,  sumctimcs  uithoiu  rattling  or  showing  fight, 
and  aometimes  backing  away  and  rattling  with  forebody  raised  threateningly  in  a  loop 
ready  t<>  mi  ike.  I  ■|i(ni(  >iion;»bl\  icinpt  i  aiurc  and  other  environmental  factors  have  an  im- 
portaiU  clfftl  on  l)clia\ior.  hut  iiuli\ i(liialii\  is  hktuisc  important,  rnusiially  aggressive  or 
unusually  phlegmatic  behavior  noted  at  the  time  ol  capture  and  handling  was  generally 
borne  out  by  subsequent  captures  of  the  same  snake  under  different  circumstances.  An 
occasional  snake  cnconntcrctl  was  so  ag}4ressi\e  that  it  would  become  einajned  at  the  mere 
presence  of  a  person,  and  would  advance  menacingly,  rattling  and  striking,  even  though 
such  an  advance  took  it  away  from  the  nearest  shelter.  Most  lack  such  aggTessi\eness,  and 
will  not  even  rattle  until  actually  touched;  those  that  do  so  may  either  make  tor  shelter  or 
coil. 

Factors  Affecting  Temperament, — Various  reasons  have  been  suggested  as  the 
causes  of  these  differences — sex,  a^,  weather,  environment,  etc. — and  some  of 

these  may  be  valid.  Several  authors  consider  the  males  more  belligerent  than 
the  females,  and  maintain  that  ihcy  are  j)ai  ticitlaiiy  pugnacious  (hiring  tlie  mating 
season.  I  his  idea  \\  as  fit  si  t  xjjrcssctl  by  Diidlcv  (172.'},  p.  29 \),  and  Avas  (■(  liocd 
by  Pennant  (17S7,  j).  S.S)  and  Lomhaid  (1881,  p.  88).  I  htv  thounlii  that  August 
was  the  mating  season.  W  illislon  (1878,  p.  203)  believed  lalileis  were  more  aggres- 
sive in  May,  which  he  believed  to  be  the  time  of  mating.  Stickel  (1952,  p.  12) 
thouglu  male  jji airie  rattlers  (C.  w.  viridis)  to  be  espedalh  prone  to  attack  in 
the  mating  season  and  females  just  after  having  given  birth  to  young.  Mrs.  Florence 
Wood  (1933,  p.  85)  disturbed  a  pair  of  mating  prairie  rattlers  in  Wyoming  in 
August  and  found  the  male  particularly  pugnacious.  A.  M.  Jackley  had  similar 
experiences.  He  wrote: 

About  Scplcinbci  1st  T  was  going  to  a  ranch  near  Moln i<I".^r,  South  Dakota,  when  I  saw  a 
prairie  rattler  just  sliding  off  the  grade.  About  15  feet  ahead,  and  on  the  other  side,  another 
was  starling  lo  cross.  I  stopped  to  catch  this  second  snake  first.  The  sight  of  the  car  caused 
him  to  draw  back  a  couple  of  feet,  l)nt  when  f  came  opposite  him.  he  did  an  unusual  thing. 
Instead  of  retreating',  he  cautiously  ad\anccd  lo  attack  mc.  I  stood  ])t  if<  (ll\  still  as  he  slowly 
advanced  and  when  in  striking  distance  he  made  an  cllort  to  strike  my  leg.  Of  course,  I 
stepped  back,  about  3  steps,  and  still  he  came  on  and  repeated  the  maneuver  S  times,  until 
I  had  backed  up  to  the  far  side  of  the  i;iailc.  I  then  (ai)tiirc(l  both  snakes  and  foimd  that 
the  aggr("isi\c  one  was  a  male  and  the  other  a  lemale  he  had  probabh  been  lollowin'^.  I 
have  had  a  nuudicr  ol  similar  c\|>eriences  with  aggressive  rattlers  and,  in  all  extept  one  case, 
they  occurred  during  the  mating  season. 

John  R.  Hi(ks,  ol  iht-  T.  ,S.  Forest  .Ser\i(f,  .Moichead.  Kt-nttitky,  inloiiiRtl  me 
that  he  thought  the  black  timber  rattlers  (C.  Ii.  hun  idus),  which  arc  ustially  males, 
to  be  more  excitable  than  the  yellow  snakes,  which  are  generally  females.  Charles 
£.  Chapin,  in  a  communication  to  Outdoor  Life  (vol.  50,  no.  3,  p.  233,  1922), 
expressed  the  opinion  that  the  females  seldom  rattle.  It  is  true  that,  during  the 
season  when  they  are  carrying  young,  the  females  roam  abroad  less  than  the  males. 

.Although  the  large  males  are  the  most  ready  to  stand  their  ground,  particu- 
larly dining  the  mating  season,  voitng  laitlcis,  like  tlic  Noting  ol  almost  all  snakes, 
arc  in  sonic  wavs  moic  iKllimciciit  than  adults.  P>il)\  lattloiiakcs  only  a  icw 
mintitcs  altt  i  hiiih  indeeil,  as  soon  as  ihcy  arc  tree  oi  the  encumbering  ictal 
cases — will  ixiil  and  strike,  in  a  pose  quite  similar  to  that  of  the  most  experienced 
adult.  Even  the  end  of  the  tail,  although  only  ctpiij^iicd  with  the  soundless  prc- 
button,  will  be  seen  to  vibrate  as  if  in  anger.  The  young  of  all  snakes  are  subject 
to  more  hazards  from  enemies  than  the  adults,  and  the  threatening  poses  they 
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adopt  may,  in  some  cases,  scare  off  the  animals  that  would  prey  on  them.  Young 
rattlers  arc  more  likely  to  stand  their  ground  in  a  fighting  pose,  and  adopt  tlie 
pose  more  readily  and  quickly  than  any  other  age-class. 

Speaking  gfiu-rallv,  notihcrti  l';uific  laltlcstiakcs  arc  timid  and  sccrelive  in  llicii  hahits, 
never  a&sunnng  the  ulteiisive  uilhuui  provucaiiun  but  preferring  to  lie  luw  until  almost 
trodden  on.  I  have  only  occasionally  met  with  individuals  that  rattled  before  I  was  within 
20  yards;  very  small  ones  aic  likewise  less  circumspect  and  will  rattle  and  even  strike  on 
sight.  A.  C.  Mackie,  Vernon,  B.  C, 

The  environments  in  which  rattlers  are  discovered  will  affect  their  reactions 
toward  trespassers,  for  it  is  natural  that  they  should  be  more  prone  to  adopt  a 
fighting  pose  if  refuges  are  distant  and  difficult  of  access: 

I've  bad  good  ludt  hunting  rattlers  on  the  dirt  roads  in  the  back  country,  starting  my 

expeditions  jnst  iK-fnrc  sunsii.  I  Iki\c  noticed  on  several  orrasions  that  if  they  arc  found 
un  a  ruad  or  in  open  country,  liicy  are  inclined  to  be  a  bit  "fcisiy"  and  more  or  less  "on 
the  prod."  But  If  the  vidnity  affords  good  cover,  they  axe  more  likely  to  go  Cot  shelter 
than  to  stand  their  ground.  K.  R.  Hebtead^  San  Bernardino,  Ctdif, 

It  is  the  rattlers  found  traveling  or  in  outstretched  positions  during  the  sunnner  that  seem 
most  virion-;  1  hose  air  thr  (nus  that  can  j)nl  up  nti  interest in<^  fight  to  elude  capture;  far 
more  so  than  wlien  found  coiled.  Louis  P.  tahiborg,  Chula  I'hla,  Calif. 

Several  of  my  correspondents  make  the  point  that  a  startled  rattler,  such  as  one 
awakened  from  sleep,  is  likely  to  be  rather  aggressive. 

I  have  found  any  number  of  rattlesnakes  coiled  and  asleej}  in  the  sun.  Upon  sneaking  up 
to  them,  and  toucliing  thcin  in  the  middle  of  the  toil  with  a  loni^  stick,  thoy  awoke  with  a 
ilash,  striking  in  the  direction  in  which  their  heads  were  pointing.  Moigati  /..  Hall,  L'.  i>. 
Fi^  and  Wildlife  Service,  Dillon,  MonU 

<- 

I  have-  caught  rattlesnakes  asleep  many  times.  They  seem  ^%ry  angry  when  awakened.  Ed 
Hose,  U.  S.  Fifh  and  Wildlife  Service,  ChiUoot,  Calif. 

o 

Ralllcis  arc  most  dangerous  wlien  taken  by  surprise. }.  O.  'feel,  Greenville,  X.  C. 

Charles  H.  Lowe,  Jr.,  noted  a  violent  reaction  when  a  little  speckled  rattler 

(C.  m.  muertensis)  on  £1  Muerto  Island  was  awakened.  Swanson  (1952,  p.  181) 
says  a  sleeping  rattler  will  tattle  furiously  when  disturbed. 

Scvcial  (oi respondents  lia\c  loiuul  rattlers  more  ready  to  defend  themselves  if 
disturbed  while  feeding  or  drinking: 

During  fuc  seasons  I  met  only  two  rattlers  that  could  have  been  called  belligerent;  these 
were  encountered  when  they  were  apparently  Itunting,  early  in  the  inoining,  and  both 
were  very  definitely  "on  the  prod"  when  I  first  saw  them.  Johnson  A.  Neff,  U.  S.  Fish  and 
WUdlife  Service,  AUtuquerque,  N.  Mex. 

Ii  is  inlicxed  that  a  raiilci  Uing  in  wail  loi  prey  is  moic  a[)i  to  strike  a  person  or  an 
animal  passing  witliin  range,  than  one  not  so  engaged.  £.  L.  Shulls,  V.  S.  I'orcst  Scn'ice, 
Kootkia,  Idaho. 

Usually,  a  rattlesnake  aiicutpls  to  avoid  trouble,  but  if  forced  he  will  fight.  If  hungry,  a 
snake  wfll  be  alert  and  short  of  patience.  Btnest  H,  Taylor,  U,  S.  Forest  Service,  Victor,  Idaho. 
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Oil  one  occasion  I  saw  a  ratilei  kill  a  small  rabbit,  and  found  that  the  snake  was  full  of  hght. 
I  don't  recall  any  other  rattler  so  full  of  fight  as  this  one,  and  I  have  killed  many  of  them. 
I  supposed  it  was  because  I  disturbed  him  while  eating.  William  Hulett,  Phoenix,  Ariz. 

A.  M.  Jackley  (1946a,  p.  1)  says  that  a  snake  that  has  recently  fed  is  likely  to  be 
sluggish,  whereas  a  hungi  y  one  may  be  vicious. 

Rattlers  are  generally  most  vidous  when  going  to  water  and  si  uggish  after  drinking.  Clarence 
Martz,  U.  S.  Forest  Service,  Forestkill,  Calif. 

Kalin  (1752-53,  p.  53)  thought  ratikis  peaceable  when  well  fed,  but  irritable 
when  hungry. 

The  idea  that  the  belligerenqr  of  rattlesnakes  varies  with  the  season  is  an  old 
one,  and  may  have  some  factual  foundation,  in  that  rattlers  are  certainly  not 
active  when  cold.  However,  it  is  doubtful  that  the  variation  in  temperament  is 
as  noticeable  or  uniform  as  commonly  supposed.  Rrickcll  fl737.  p.  M  l)  thought 
them  worst  in  mid-summer;  Laccpcde  (1789,  vol.  2,  p.  411;  Kerr,  1802,  vol.  4,  p. 
266)  thouohi  tlu'ir  fury  was  increased  In  lain:  Rose  (1803,  p.  i'r)?>)  believed  them 
most  ;i|L;L;rc.ssi\c  in  sidtry  weather:  Ikiiky  (1870,  p.  101;  Anon.,  1872b,  p.  (ill) 
pla(  ed  the  most  dangerous  season  just  before  and  after  hibernation;  Oinitt  (1891, 
p.  190)  found  the  California  rattlesnakes  likely  to  attack  in  April,  but  more 
peaceful  in  June;  whereas  Barnes  (1933,  p.  398),  in  northern  Arizona,  found  them 
particularly  obstreperous  in  August  and  early  September. 

My  own  correspondents  have  equally  divergent  opinions: 

It  has  been  noted  that  when  rattlers  leave  their  dens  in  the  early  spring,  they  are  inclined 

to  he  slii;4gis!i,  but  ill-tctnpci c<i  whrii  di'^tuihed.  Later  in  ilic  spring  (lic\  sccni  to  l)r<(nnL' 
less  vicious,  am!  will  slip  away  if  a  person  will  permit  ihcm  to  do  so.  l  iom  the  nuddlc  of 
July,  or  at  the  beginning  of  the  so-called  "dog  days."  on  until  cold  weather  and  denning 
time,  they  are  again  more  vicious.  John  H.  Stanley,  U.  S.  Forest  Service,  Andrews,  N,  C. 

o 

In  Uiali.  in  iltt-  l  illnioic  Mountains,  rattlers  appear  to  be  "on  the  prod"  in  July  and  AuguSL 

C.  ti,  McDonald,  V.  S.  Forest  St>i<icc,  Sievtnsvtlle,  Mont. 

■o 

According  to  the  old  saying,  a  rattler  alwa^-s  warns  you  before  he  strikes.  Don't  let  anybody 

tell  von  this,  I>rf.insr  I  ba\r  <;rcn  inanv  a  rattler  strike,  and  strike  aj^ain.  and  tlun  I)r  killed, 
and  never  rattle  or  give  warniitg.  They  will  generally  give  warning  in  the  early  part  of  the 
summer,  but  in  the  late  part  of  summer  many  times  they  will  not.  Everett  W.  Norris,  V.  5. 
Fish  and  Wildlife  Service,  Malta,  Idaho. 

o- 

In  tiie  mf)nth  of  April  rattlesnakes  are  very  vicious  when  around  their  dens.  When  disturbed 
they  will  coil  and  rattle.  Jesse  L.  Harris,  Coverumcnt  Hunler,  Pilot  Rock,  Orcg. 

-o- 

As  spring  advances  and  the  hot  dry  days  of  summer  come,  the  snakes  on  the  slopes  become 

far  less  niuncrons.  If  found  at  all.  thev  arc  in  a  siret(lH  <!  nut  ])osition  oi  irawlini^  tbiouf^h 
the  brush.  Ihen  they  are  of  a  dilfcreni  nature.  I  have  known  them  to  puif,  hiss,  rattle, 
and  strike  at  my  stick  with  the  rapidity  of  a  machine  gun,  meanwhile  backing  toward  a 
bush  or  some  other  avenue  of  escape.  Louis  P.  Faldborg,  Chula  Vista,  Calif. 

I  think  we  may  tontlude  from  these  divergent  opinions  that  the  seasonal  ilif- 
feroices  that  have  been  cited  are  more  likely  to  have  been  caused  by  temperature 
effects  or  mating  than  the  mere  season  itself.  Fitch  (1949a,  p.  518),  from  his  thorough 
observations  of  the  northern  Pacific  rattlesnakes  (C.  v.  oreganus)  on  the  San  Joaquin 
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Experimental  Range  in  California,  concluded  that  temperature  and  environment 

were  the  most  important  factors  in  determining  a  rattler's  reaction  toward  an 
ininulcr.  Jacklcy  (lOlGa,  p.  2)  lound  that  tlic  jirai'ric  rattlers  (C.  v.  x'iridls)  of 
South  Dakota  were  most  excitable  and  quickest  in  action  at  temperatures  of  80° 
to  85°  F.  (26.7''  to  29.4''  C). 

Since,  in  most  areas  inhabited  by  rattlers,  they  are  largely  nocturnal  in  summer, 
it  is  possible  that  their  reputation  for  being  quarrelsome  at  that  season  may  result 
from  their  resentment  at  being  disturbed,  when  found  resting  or  sleeping  in  some 
cool  spot  in  the  daytime. 

Finally,  tliere  is  a  theory  that  lias  virtually  become  folklore,  to  the  effect  that 
rattlesnakes  are  particularly  vicious  when  blinded  by  the  imminence  of  skin 
shedding;  and  that  this  occurs  each  year  at  the  same  time — usually  stated  to  be 
August — ior  all  snakes,  which  is  rf)ns('(|uently  a  season  of  particular  danger. 

Flint  vol.  2,  p.  75)  stated  that  rattlers  were  most  dangerous  in  sununcr 

when  blind;  however,  the  blindness  was  attributed  to  the  absorption  of  venom 
into  the  snake's  system  rath^  than  to  skin  shedding,  certainly  an  erroneous  idea. 
Authors  who  mention  a  belief  in  the  danger  coincident  with  skin  shedding  are 
Clarke  (1881a.  p.  27),  Smith  (1882,  p.  672),  Davis  (1889,  p.  182),  Reese  (1910,  p. 
367),  Coleman  (1930,  p.  108),  Rrcndle  and  Unger  (1085,  p.  200),  King  (1941,  p.  59), 
and  Ramsey  (1945,  p.  37).  The  increased  irritability  is  usually  attributed  to  par- 
tial blindness,  but  some  aiuhors  mention  an  increased  virulence  presumed  to 
residt  fiom  venom  conservation,  as  being  the  source  of  the  added  danger. 

Afy  own  correspondents  have  made  the  following  conuueuts  on  the  effect  of 
skin  shedding  on  rattlesnake  dispositions: 

Rattlers  arc  most  dangerous  when  they  arc  slicddiiig  their  skins,  as  they  are  blind  and  will 
strike  at  anything  that  comes  near.  This  happens  in  August.  Catvin  A.  Bowmm,  U.  S. 
Forest  Service,  Deer  Lodge,  MonU 

o- 

I  Mail  a  vrrv  intrrrsiini:^  day  yesterday  running  my  getter  [trap]  lines,  picking  up  four 
rattlesnakes.  I  was  under  the  impression  that  they  were  blind  during  the  month  of  August. 
So,  to  satisfy  my  curiosity.  I  took  a  shovel  and  moved  it  above  their  heads  in  every  direc- 
tion and  they  never  missed  striking  it  once.  So,  our  rattlesnakes  are  not  blind  during  the 
month  of  August.  Joe  R.  Bachlet,  Wheatland,  Wyo. 

■o 

In  August,  a  few  years  ago,  Robert  Hamby,  of  Kimberly,  Idaho,  came  upon  a  rattler  evi- 
dently in  the  process  of  shedding  its  skin.  He  observed  the  snake  was  blind  at  that  time 
and  strudi  in  all  directions,  or  in  every-which-way,  as  he  expressed  it.  Merlin  R.  Stock, 
U.  5.  Forest  Serviee,  Twin  Falls,  Idaho. 

That  the  belief  in  the  Au^t  shedding-season  danger  has  become  so  wide- 
spread as  to  be  virtually  folklore  is  shown  by  its  frequent  mention  in  the  questions- 
and-answers  columns  of  the  nature  and  sporting  magazines.  It  was  made  the  crucial 
element  in  the  plot  of  one  of  Thomas  Beer's  short  stories  (1921,  p.  16). 

A  diametrically  divergent  theory  of  the  effect  of  sliedding,  one  that  would  make 
a  rattler  less  dangerous  during  this  period,  is  the  following: 

A  friend  of  mine  contended  tliat  during  the  heat  of  the  summer,  rattlesnakes  would  not 
strike.  His  theory  was  that  they  were  moulting  and  their  mouths  were  tender,  or  the  tissues 
immediately  adjoining  were.  Meredith  Leitch,  Staunton,  Va. 
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As  I  liavc  shown  (p.  :?59)  in  discussing  the  shedding  operation,  snakes  usually 
shed  more  trecpicntly  than  once  a  year — this  is  particularly  true  of  the  adolescent 
period  o[  rapid  growth — and  the  shcddinf;  season  is  ihereloic  not  restricictl  to  a 
particular  time  of  )car.  Furthermore,  the  period  of  partial  blindness  is  a  relatively 
short  one;  it  occurs  a  few  days  before,  rather  than  immediately  before,  the  skin 
is  shed.  For  their  own  protection,  snakes  probably  seek  seclusion  during  this 
period  of  defective  eyesight  and  thus  should  not  be  especially  dangerous.  Captive 
snakes  show  no  particular  irritability  during  the  "blue-eyed"  stage  when  the 
spectacles  over  the  eyes  are  dulled  by  the  accimrulation  of  liquid  beneath.  Doubt- 
less a  partialK  blind  snake  would  be  more  likely  to  strike,  owing  to  a  feeling  of 
heli)lessness,  if  closely  approached  in  its  seclusion  dining  ihe  short  period  of  dull 
vision.  1  hat  the  ac cuniulalion  of  Ncnoin  during  this  l)ric'l  period  would  notably 
increase  the  snake's  virulence  not  to  1)0  confused  with  its  irritability — is  to  be 
doubted,  since  the  period  of  inaction  owing  to  skni  changing  is  short  when  com- 
pared to  the  normal  feeding  intervals. 

Protective  Coloration  and  Concealment 

Having  discussed  the  temperament  of  rattlesnakes  and  some  of  the  causes  of 
its  variabilit),  I  shall  now  describe  the  successive  actions  that  most  individuals 
follow  when  confronted  by  a  dangerous  encniv  siuh  as  man. 

The  first  reaction  is  almost  always  to  lie  (|uii  t  in  the  a|)])arcni  hoj)e  of  escaping 
discovery — to  "lie  doggo,"  as  tlie  British  slang  ])hiase  has  it.  For  most  rattlesnakes 
are  protectively  colored,  that  is,  their  tolois  and  patterns  at  c  such  as  to  blend  into 
their  surroundings,  so  that  they  are  difficult  to  see,  unless  the  eye  be  caught  by 
some  movement.  This  dependence  on  procrypsis  is  no  mere  policy  of  doing  noth- 
ing, nor  does  it  result  from  the  snake's  not  having  discovered  its  enemy.  On  the 
contrary,  it  is  deliberate — the  result  of  instinct,  intelligence,  or  whatever  term 
may  be  applied  to  the  snake's  attempt  to  attain  a  particular  goal.  That  the  rattler 
is  alert  to  the  trespasser  is  sometimes  shown  bv  a  flicking  out  of  the  questioning 
tongue,  or  a  ])i cinonitar\  click  as  the  tail  is  adjusied  to  sound  the  rattle  should 
this  be  found  necessary.  Several  of  my  conespondents  comment  on  the  evident 
design  behind  this  rattler  method  of  avoiding  trouble: 

When  you  sec  a  snake  crawling  before  it  sees  you,  or  one  lying  stretched  out  and  at  rest, 
and  you  proceed  as  if  to  pass  dose  by.  it  will  most  Ukely  Freeze,  which  presumably  is  an 
insiiiuiivc  way  of  avoiding  detcaion.  If  you  Stand  perfectly  quiet  by  its  side,  in  a  few 
seconds  the  snake  will  slo^^  lv  thnist  out  its  tongue  as  an  indication  of  growing  nervousness. 

A.  M.  Jackley,  Pierre,  H.  Dak. 

II  is  not  uncommon  to  find  rattlers  stretched  out.  playing  (xissum,  so  to  speak,  not  making 
a  move  until  prodded  or  otherwise  disturbed.  Of  course,  as  soon  as  they  see  that  their 

whereabouts  arc  noticed  they  will  roil  and  rattle,  and  prepare  to  defend  themselves.  On 
almost  every  occasion,  however,  llicy  will  escape  if  it  is  possible  to  do  so.  L.  J.  Cooper, 
U.  S.  Forest  Service,  Galice,  Oreg. 

I  have  found  it  quite  amusing  to  watdi  rattlesnakes  lying  quietly,  hoping  to  esca])e  detec- 
tion. Upon  finding  the)-  are  discovered,  their  first  impulse  is  to  beat  a  hasty  retreat,  but. 
if  escape  is  impossible,  they  don't  hesitate  to  sUnd  their  ground.  A,  W.  Mollison,  U.  S. 

Indian  Service,  Mc\ary,  Ariz. 
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I  found  one  rattler  bv  notinp  its  track  across  the  rnad.  Careful  in"ipection  of  the  ttack 
pointed  tu  the  direction  taken  and  1  saw  ilie  latllci  atjuui  3U  lect  ott  tu  the  side  ul  the 
road,  stretched  out  and  motionless.  I  took  time  to  fish  the  collecting  tools  from  the  trunk 
on  the  car  and  then  walked  over  to  within  a  couple  of  feet.  The  rattler  remained  "fro/en" 
until  I  touched  its  neck,  when  it  suddenly  became  the  active  creature  that  atrux  usually 
is  under  such  conditions.  Charles  M.  Bogcrt,  American  Museum  of  Malural  History,  New 
York,  N.  Y. 

■o 

I  have  observed  rattlers  that  would  not  move,  as  they  thought — it  you  can  call  it  that  — 
that  they  were  hidden,  and  only  coiled  and  rattled  when  hemmed  in.  Joseph  T.  McCul- 
lough,  V.  S,  Forest  Service,  Brooklyn,  Miss. 

On  two  occasions  I  have  passed  very  close  to  siiakts — both  speckled  rattlers, 
C.  m.  pyrrhus — without  seeing  them,  and  then  have  h.itl  iny  attention  drawn  to 
tlieni  by  some  movement  tliat  tauscd  a  slight  noise.  How  many  I  have  passed 
without  their  making  this  fatal  mistake  I  shall  never  know. 

This  liabit  ol  depending  on  the  tonceahnent  ot  piote(ti\e  coloration  has  long 
been  known;  it  is  mentioned  by  Wood  (1634,  p.  48),  who  thought  the  rattler 
asleep;  the  habit  was  also  described  by  such  early  observers  and  travelers  as  Kalm 
(1752-53,  p.  316;  1937  ed..  p.  614),  and  Bossu  (1771,  p.  363).  That  the  instinctive 
ruse  is  often  successful  there  can  be  no  question.  On  several  occasions  I  have  tried 
the  experiment  of  informing  a  companion  not  experienced  in  hunting  rattlers, 
that  one  was  in  plain  sight  in  a  patch  of  rocks  or  brush  within  a  t  ircle,  which  I 
roughly  iiuiicaied,  and  then  have  asked  him  to  poiiU  it  out,  withotit,  of  rotuse, 
appioaching  the  spot.  It  was  each  time  surjjrising  to  see  how  long  it  took  liim 
to  l()(ate  the  snake.  This  affords  a  convincing  evidence  of  the  cllectivencss  of 
pro  tec  t  i  \  c  col  or  a  t  ton . 

People  not  accustomed  to  seeing  rattlers  can  t  sec  a  snake  even  when  their  attention  is 
directed  to  it.  A.  M.  Jaehley,  Pierre,  S.  Dak. 

One  soon  cultivates  a  snake-eye  which  enables  one  to  spot  a  snake,  however  protectively 
colored  or  concealed.  Those  unfamiliar  with  rattlesnakes  can  hardly  see  them  when  their 
whereabouts  are  pointed  out.  A.  C.  Mackie,  Vernon,  B.  C, 

Hogner  (1938,  p.  127)  tells  of  a  snake  hunt  in  which  he  secured  6  rattlers  within 
half  a  mile,  yet  the  people  who  lived  at  this  place  had  never  seen  one. 

This  rattler  habit  of  lying  motionless  is  one  of  the  most  frequent  causes  of 
accidents.  For  the  inexperienced  passer-by,  failing  to  see  the  snake  that  hopes  to 
escape  detection,  may  put  his  foot  within  the  danger  /one,  or  at  ttially  step  on 
it,  without  being  awaie  of  its  presence.  Then,  frightened  or  hurt,  the  rattler  may 
quickly  change  from  inaction  to  at  tion  and  a  bile  results. 

Sometimes  when  rattlers  arc  hidden,  ihcy  will  itiiiaiii  stalionarv  and  then  strike;  this  is 
the  reason  why  many  livestock  arc  bitten  on  the  head.  Drayton  li  as^uii,  V.  S.  forest  Serv- 
ice, Espatlola,  N.  Mex. 

<>• 

1  have  seen  only  one  rattlesnake  which  did  not  make  an  effort  to  escape  when  I  encountered 
it;  I  think  ilie  reason  for  this  was  that  another  person  had  just  walked  past  the  reptile 
without  .seeing  it,  but  had  roused  it,  and  I  came  along  in  time  to  receive  its  anger.  Earl 
Jackson,  National  Park  Service,  Las  Vegas,  Nev. 
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'1  his  lasL  is  ail  c\;tiii])lc  of  a  fairlv  fiCMjiifiU  ocdmciuc.  wlicuiii  the  lust  |)crson 
in  a  party  along  a  trail  alarms  an  unseen  ratilcr  that  may  strike  one  of  those  who 
follow  behind  the  leader. 

Bailey  (1905,  p.  51),  commenting  on  his  experiences  with  the  mottled  rock 
rattlesnake  (C.  I.  lepidus)^  says: 

On  the  dark-brown  lava  soil  they  are  very  inconspicuous  and  they  had  a  way  of  suddenly 
springing  up  between  our  feet  that  made  t»  highly  nervous. 

I  have  discussed  elsewhere  [\).  221)  liic  degree  to  which  rattlesnake  patterns  do 
aid  in  the  success  of  procrypsis  as  the  initial  step  in  their  protective  behavior.  In 
general,  their  color  variations  can  be  ascribed  to  the  nature  of  the  rocks,  soils, 
and  vegetation  wherein  they  live,  although  there  are  several  exceptions  to  the  rule. 
W.  T.  Neill  advised  me  that  the  perfection  of  the  procry[^c  coloration  of  the 
eastern  chaniondback  (C.  ail'i'niuleus)  is  such  that  it  is  holding  its  Own  in  northern 
Florida,  whereas  its  mammalian  and  ophidian  competitors  for  prey  are  beinj^  deci- 
mated by  the  increased  human  population,  with  its  attendant  agricultural  and 
commercial  ile\  t  lojjnients. 

The  rattlesnake's  successful  concealing  cciloration  is  probably  e()uallv  u^e^ul 
as  a  protection  against  enemies  and  in  enabling  it  to  ambush  its  prey,  iur  the 
two  purposes  are  not  in  conflict.  Some  animals  with  dangerous  or  injurious  attri- 
butes— the  skunks,  for  example — advertise  their  presence  by  a  conspicuous  warn- 
ing coloration  that  any  predator  learns  to  avoid.  The  rattlesnake  does  not  need 
this  kind  of  advertisement,  since,  f«.i  th(  purpose  of  warning,  it  can  and  does  fall 
back  on  the  strident  rattle  and  a  lighting  pose  whose  intention  no  creature 
can  misjudge. 

To  some  early  writers,  the  idea  that  rattlers  depend  upon  protrvpsis  for  pro- 
ictiion  would  have  seemed  intpossible  for  two  reasons:  I  herc  was,  lust,  tlic  wide- 
spread idea — ^it  has  now  become  folklore — that  rattlers  gi\  c  forth  so  strong  an 
odor  (and  this  independent  of  the  use  of  the  postanal  scent  glands)  that  their 
presence  is  easily  detected,  even  when  they  are  resting  undisturbed.  I  have  dis- 
cussed this  mow  fully  in  chapter  18  (p.  1269).  The  second  is  that  the  slightest 
movement  of  the  snake  causes  the  rattle  to  sound  involuntarily,  also  an  ancient 
misunderstanding  upon  the  part  of  those  who  hatl  not  seen  a  li\(  lattler  in  action, 
and  thus  had  no  opportunity  to  observe  the  silence  (){  the  rattle  unless  it  he  de- 
liberately vibrated.  Moore  (1741,  p.  59)  mentions  these  as  reasons  why  rattlers 
are  always  easily  detected  by  anyone  long  before  getting  dangerously  near  one. 

Flight 

In  the  instinctive  ruse  of  lying  motionless  and  depending  on  concealing  colora- 
tion proves  successful,  and  the  intruder  leaves  without  discovering  the  rattler, 
the  latter  mav  continue  to  veniain  \vithf)ut  nio\ement;  or  it  may,  after  a  short 
inieiAal,  crawl  toward  a  saler  refuge,  but  if  the  enemy  shows,  by  coming  neater 
tlu  snake  or  bv  adopting  a  belligerent  attitude,  that  the  ruse  has  failed,  then  the 
rattler  ma)  attempt  retreat,  or  it  may  throw  itself  into  a  striking  coil  and  threaten 
the  intruder.  In  fact,  it  frequently  does  both  at  once;  for  the  striking  coil  i^ermits 
a  snake,  while  facing  the  interloper  and  ready  to  lunge  if  he  comes  within  range, 
to  retire  at  a  good  rate  toward  any  available  sanctuary. 
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There  is  a  considerable  variability  in  the  conditions  under  which  individual 
rattlesnakes  will  abandon  procrypsis  in  favor  ol  flight.  Some  will  endeavor  to 
escape  while  the  supposed  enemy  is  still  some  distance  away,  whereas  others  will 
continue  to  lie  quietly  until  all  hope  o£  avoiding  discovery  is  surely  gone.  Jacklcy 
(1945a,  p.  1)  believed  that  usually  one  may  walk  dose  by  a  rattler  and  it  will 
remain  quiet,  but  if  one  walks  toward  the  snake  it  is  more  likely  to  rouse  itself, 
either  for  flight  or  battle.  He  tried  walking  past  a  rattler  at  distances  of  10,  5, 
and  even  2  feet  without  result,  but  the  snake  reared  up  when  he  walked  directly 
toward  it  He  agreed  that  people  pass  by  many  more  snakes,  without  seeing  them, 
than  they  ever  discover. 

Rattlesnakes,  when  lying  about  in  the  ojien,  generally  remain  near  places  of 
refuge;  of  this  there  tan  be  no  cjucstion,  and  their  jjronijit  and  dirctt  manner 
of  availing  themselves  of  concealment  in  the  refuge  leaves  little  doubt  that  this 
is  an  intentional  expedient  or  an  instinctive  habit.  It  is  a  common  observation 
when  the  snakes  are  scattered  about  outside  their  hibernating  dens,  taking  ad- 
vantage of  the  last  sun  of  the  autumn  or  the  first  of  spring.  Many  collectors  have 
reported  how  necessary  it  is  to  get  between  the  rattlers  and  their  holes,  toward 
which  they  streak  as  soon  as  they  become  aware  of  an  intruder.  The  same  is  true 
on  a  less  impressive  scale  when  single  rattlers  arc  met  on  their  summer  ranges. 
1  have  on  several  occasions  found  southwestern  speckled  rattlers  lying  in  front 
of  horizontal  rock  crevices,  in  which  they  took  refuge  so  quickly  and  diiettly 
that  the  use  for  this  pur])()se  must  have  been  premeditated.  Charles  H.  Lowe.  Jr., 
noted  that  the  little  speckled  rattlers  found  on  £1  Muerto  Island  were  always 
near  safe  retreats  in  rocky  crevices  or  holes.  He  thought  this  might  be  in  order 
that  they  could  quickly  take  refuge  from  the  heat.  Another  instance  of  a  snake 
maintaining  a  refuge  available  against  either  enemies  or  heat  is  the  following: 

On  otie  occasion  in  tlic  companv  of  Dr.  C.  T.  \  iilu(  s  and  Robert  Flock.  I  had  an  oppor- 
tunity to  witness  what  might  be-  iciinci;!  citlici  iiilclligcncc  or  sonic  tvpe  of  ratllci  "in- 
slincl."  During  the  summer  of  1940  when  we  were  collecting  bats,  a  black-tailed  rattler 
(C.  m.  molossus)  was  found  asleep  near  the  entrance  of  a  mine  tunnel  on  the  southwestern 
slope  of  Picacho  Peak,  near  Picatho,  .^ri^ona.  As  it  was  a  good  adult  specimen  of  a  not  too- 
common  sppcics,  we  decided  n'Tninst  killinj;  and  in  favor  of  catching  it  in  a  buttcrflv  net 
and  releasing  it  in  a  clump  ut  rucks  some  30  feet  from  the  tunnel  entrance.  About  half  an 
hour  later  we  were  surprised  to  see  the  rattler  (the  same  individual,  judging  from  six  and 
coloring),  slowly  working  its  way  throu^  the  rocks  toward  the  entrance  to  the  mine.  At 
times  its  head  %vas  raised  as  if  looking  over  the  situation.  When  we  aiinovcd  it  with  a  slick 
in  an  elTorl  to  get  it  tu  change  its  direction,  it  would  somewhat  withdraw  among  the  rocks 
but  %tfould  still  continue  to  move  in  the  general  direction  of  the  mine  <^)ening.  It  was  only 
by  constant  prodding  that  we  were  able  to  keep  the  snake  aivay  from  the  mine  while  we 
were  collecting  bats.  .Mthough  it  was  a  cloiidv  dav.  it  is  possible  that  the  snake,  through 
some  form  of  intelligence  or  in<>linct,  sensed  the  lad  that  if  a  change  occurred  ui  the 
Mwather,  it  had  better  be  In  dose  praximity  to  the  relaUvdy  cool  reAige  afforded  by  the 
tunnel.  Lte  W.  Arnold,  U.  S,  FUh  and  Wildlife  Service,  Denver,  Colo. 

That  most  rattlers  do  attempt  to  escape,  instead  of  stoppii^  to  give  battle,  is 
generally  agi  eed  by  those  of  wide  experience  in  the  field.  Early  expressions  of 
this  conclusion  will  be  found  in  Lahontan  (170.S,  p.  357),  Jones  (1724,  p.  51), 
Kalm  ( 1 7.')2-.')3,  pp.  .5.'5,  317),  and  Hewatt  (1779,  p.  86).  .Some  of  the  observations 
of  Ml)  own  correspondents  upon  the  rattlesnakes  found  in  their  regions  are  as 
follows: 
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My  experiences  with  the  timber  rattlesnakes  here  in  \"iiKiiii:i  Ir.ul  mr  to  believe  that  they 
would  prefer  to  go  unnoticed  rather  than  tace  an  adversary.  1  hey  du  nut  rattle  until  dis- 
turbed or  approacihed  too  dosdy  and  then  endeavtnr  to  get  under  cover.  Charlet  O.  Hand- 
ley,  U.  S.  Fish  and  WUdlife  S«rv2ee,  BlaehOniTg,  Va. 

-o 

In  all  my  encounters  with  rattlers,  they  made  every  effwt  to  gtt  away.  If  btnhcrcd  suffi- 
ciently, they  would  coil  and  strike,  and  then  try  to  move  OH  again.  Harold  J.  Brodrick, 
National  Park  Service,  Yellowstone  Park,  Wyo. 

I  killed  32  rattlesnakes  in  the  Lake  Chelan  Nitinit),  Washinglun,  unc  sununer  while  work- 
ing on  a  timber  survey.  I  never  found  one  that  wouldn't  run  away.  (Author's  name  omitted 
by  request.) 

-> 

I  have  never  had  any  case  where  a  rattlesnake  did  nut  try  to  get  away  if  given  a  chance. 
Of  course,  if  he  was  poked  with  a  stick  or  molested  in  any  other  such  manner,  he  would 
show  fight.  /.  r.  Kenney,  V.  S.  Forest  Service,  Dardanelles  Calif. 

Regarding  the  fighting  qualities  of  rattlers.  I  have  never  known  them  tu  take  the  offen- 
sive. Their  fighting  and  striking  are  merely  for  their  own  defense.  It  is  only  after  they 
arc  molested  that  they  show  activity,  for  their  first  inclination  is  to  escape.  Louis  P.  Fald- 
borg,  Chida  Vista,  Calif, 

An  cscaj)in«^  rattltM  will  usually  tiy  to  crawl  away  as  rapidly  as  possible,  taking 
advantage  ol  any  cover  it  may  reach.  If,  howcxer,  it  is  threatened  or  closely  pressed, 
it  will  adopt  a  defensive  coil  with  tlie  head  and  fore  ])art  of  the  body  raised  al)o\e 
the  gioiind  and  poised  in  an  S-shapcd  loop,  so  thai  it  can  Inngc  forwai  cl  antl  strike 
if  the  enemy  approaches  within  reach.  But,  while  the  snake  thus  luces  the  in- 
truder, the  posterior  part  of  the  body  writhes  in  such  a  way  that  the  snake  crawls 
backward  toward  the  nearest  bush,  rock,  or  other  refuge;  in  military  parlance 
it  executes  a  rear-guard  action.  One  of  my  correspondents  describes  the  maneu- 
ver thus: 

This  prairie  rattler,  when  I  disturbed  him.  died  to  get  ;iway.  but,  nn  following  him, 
he  coiled  in  the  usual  manner,  his  herul  al)o\o  his  coils  ready  to  strike.  Vhc  mo\ements 
of  this  snake  interested  me.  His  coils  seemed  to  tighten  up  and  then  relax,  and  I  noticed 
that  he  was  gradually  moving  away  from  me,  though  still  ready  to  strike,  and  was  most 
certainty  putting  distance  between  us.  D.  A,  Fleming,  Swift  Current,  Sask. 

When  a  rattki  is  thus  relicuting  in  its  lighting  pose,  it  will  suiiietiines  mo\e 
toward  the  enemy,  if  the  nearest  place  of  concealment  lies  in  that  direction.  In  one 
case  a  sidewinder  on  the  road  came  directly  toward  me,  but  there  is  little  doubt 
that  it  was  merely  seeking  the  protection  of  the  car  near  which  I  stood,  and  which 
must  have  seemed  a  kind  of  refuge  to  the  snake.  My  correspondents  mention 
similar  instances: 

While  hiking  up  a  nairow  canyon  in  the  Ruby  Mountains  of  Xcvaila,  I  heard  a  rattlesnake 

and  at  the  same  moment  saw,  12  feet  away,  a  snake  about  30  inches  long  coiiunp;  vapidly 
down  a  steep,  barren  slope  toward  me.  Had  I  retreated  at  that  moment,  I  would  hasc  been 
certain  that  the  snake  was  attacking.  Instead,  I  stood  my  ground,  and  it  took  refuge  under 
a  bush  5  Ccet  from  where  I  stood.  It  was  then  evident  that  I  had  surprised  the  snake  in  the 

open,  and  in  order  to  gain  cover,  il  had  to  come  toward  me.  Undci  the  ljush  it  remained 
silent  and  motionless.  A.  E.  liorell,  Regional  Biology  Division,  Albuquerque,  X,  Mex. 
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I  mall  on  one  orrasion  that  my  companions  swore  a  northern  I'atific  rattlesnake  gave  chase 
after  mc,  who  tailed  to  suspect  its  presence,  even  crossing  over  a  large  fallen  ItJg.  Actually, 
it  teemed  to  be  seeking  a  dark  xecesi  under  the  log  for  escape.  John  Dem,  San  Francisco, 
Calif. 

Langford  and  Gibson  (1952,  p.  116)  mention  an  instance  in  which  a  rattler  went 
toward  a  man  who  stood  between  the  snake  and  a  hole  it  sought  as  a  refuge. 

If  there  is  danger  that  a  rattler  one  wishes  to  capture  or  kill  may  escape,  tihe 
simplest  maneuver  is  to  annoy  it  sufficiently  so  that  it  will  stand  its  ground  to 
defend  itself,  while  a  weapon  is  being  sought 

If  I  run  across  a  rattlesnake  and  haven't  anything  at  hand  to  kill  it  with,  I  pester  it  enough 

to  ^ct  it  really  mad  and  then  it  will  stav  put  for  some  little  time  while  I  look  for  a  heavy 
stick  or  buncii  of  rocks.  J.  Fred  Toman,  Bowers,  Mottt. 

Allison  (1946,  p.  47)  even  daims  that  if  one  throws  a  hat  or  coat  at  an  eastern 

diamondback  (C.  odamantetu)^  it  will  coil  and  watch  the  clothing,  while  a  suitable 
stick  lor  catching  or  killing  it  is  being  Sf)Ught.  Carrying  this  ruse  lurtlur,  McCul- 
locli  (1918,  p.  5)  thoiii;lit  that  one  miglit  throw  down  his  hat,  thus  tli\eriing  the 
snake  long  enough  to  permit  a  jjerson  to  cscaj^e  (as  if  siuh  an  cxpnlic  iit  totdd  be 
necessary);  and  Voclgyi  (1926,  p.  140),  a  Hungaiian  traveling  in  1  cxas,  even 
reported  that  if  a  woman  found  herself  without  a  gun  (obviously  a  rare  occur- 
rence in  that  state)  when  confronted  by  a  rattler,  she  would  hang  a  piece  of  cloth 
on  a  bush  and  run,  secure  in  the  knowledge  that  the  snake  would  watch  the 
cloth  for  hours,  thtis  permitting  her  to  escape.  Higgins  (1873,  p.  86)  stated  that 
if  you  should  throw  a  hat  down  in  a  snake's  path,  it  would  immediately  coil 
arotind  it  and  defy  yon  to  take  it  away.  Rut  enough  of  fantasy. 

Sontetinies  a  rcfiigc-sceking  rattler  ado|)ts  a  nisc  that  niav  well  he  dangerous 
to  an  inexperienced  pui^uer,  as  is  evident  from  the  following  observations: 

As  toon  as  a  rattler  enters  a  Iiole  for  a  few  inches,  the  head  will  turn  aKuin  toward  tlie  en- 
trance, while  the  rest  of  the  lx>dy  is  being  pulled  into  llie  hole  liehind  the  head.  I  hen  if 
you  try  to  catch  the  disappearing  snake  you  will  surdy  get  bitten.  Gustave  W.  Kotki,  V,  S. 
Fish  and  WUdliJe  Service,  Windham,  Mont. 

o 

One  rattler  (rawlcd  in  a  hole.  Ieavin<;  his  tail  protrudini;  several  iiulus.  I  nearlv  fell  for 
this  trick,  but  noticed  his  head  just  inside  the  hole,  apparently  read)  to  strike  when  1 
reached  for  his  tail.  Wm.  F.  Foley,  V.  S.  Forest  Service.  Monte  Vista,  Colo. 

It  has  been  staled  that  an  estaping  rattier  on  a  hillsitle  will  almost  alwavs  head 
downhill,  thus  making  l)etter  sjx'cd.  This  is  tertainly  not  invariable;  it  is  {)ro[)able 
that  the  nearest  bush  or  rock  crevice  thai  might  serve  as  a  refuge  more  otten  guides 
the  direction  of  escape. 

Defensive  Attacks 

I  have  pointed  out  that  rattlers  differ  in  their  temperaments,  both  individually 
and  specifically,  and  that  their  reactions  to  an  external  threat  are  not  only  affected 
by  these  differences,  ])iit  also  In  the  t  ii cumstances  and  surroundings  in  which 
they  aie  discovered.  'I  lKninh  I  ha\c  suggested  that  rattlers  usualh  go  ihiotigh  two 
phases  of  passive  defense — prociypsis  and  liight — before  adopting  a  lighting  pose, 
this  is  by  no  means  universal,  and  no  one  should  be  so  foolish  as  to  depend  on 
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their  adlicuiui  to  this  s((|ucncc.  My  (onispondcnts  cite  minn  jnus  instances  of 
various  deviations  Irom  this  proj^rain — of  snakes  that  adopted  tlie  final  figliting 
pose  witlioui  preliminaries,  and  others  lhat  even  pursued  an  active  ofTcnsive.  I 
have  elsewhere  (p.  713)  mentioned  a  few  such  cases  that  occurred  during  the 
mating  season  and  were  presumably  evidences  o£  the  possessive  actions  of  the 
males.  Here  are  some  further  reports,  not  thought  to  have  any  sexual  basis,  of 
rattlesnakes  attacking  men: 

Upon  one  occasion  I  was  traveling  on  foot  early  in  the  season  and  encountered  a  small  lat- 

tier,  21  inrhrs  long,  which  strurk  at  iiic  when  I  was  iiioic  tlian  ^  feet  nwav.  As  I  backed  up 
and  staricd  to  pull  my  gun,  the  snake  catnc  at  mc  and  struck  again.  1  backed  up  again,  and 
this  was  repeated  until  I  had  badied  up  18  feet.  wh«i  I  shot  the  sndce.  tndn  C.  Robertson, 
U.  S.  Forest  Service,  Siiimon,  Idaho. 

I  suallv  rattlers  irv  to  crawl  away,  h\n  occasionally  they  will  coil  and  hold  iht  ir  ground. 
\Vc  have  even  noted  a  few  ca.ses  in  which  they  would  start  toward  a  person,  striking  as  they 
came,  making  it  necessary  to  retieat  or  kill  the  snake.  Harvey  E.  Zink,  V.  S.  Forest  Service, 
Sawyers  Bar,  Calif. 

■o 

In  Sheep  Canvon.  ofT  of  ImIc  Creek,  I  had  a  rattlesnake  dclil>eratelv  pursue  nie.  I  chanj^ed 
the  direction  of  my  rcireut  several  times  to  check  on  this,  and  each  time  the  snake  kept  right 
after  me.  C.  5.  Wynne,  U.  S.  Forest  Service,  Idyllwild,  Calif. 

Dr.  Clyriis  N.  Ray.  of  Abilene,  Texas,  has  written  me  of  two  instances  in  which 
lie  WMs  attacked  by  western  diamond  rattlers  (('.  ahox).  In  one  case  be  stiiick  at 
the  same  time  that  the  snake  struck  at  him.  Both  missed,  whereupon  tlie  snake 
pursued  him  in  a  series  of  advancing  lunges,  until  he  was  able  to  turn  and,  run- 
ning a  short  way,  obtain  a  rock,  with  which  he  killed  it.  In  the  second  experi- 
ence substantially  the  same  thing  happened.  I  wrote  Dr.  Ray  asking  whether  there 
was  any  possibility  that  the  snakes  were  merely  seeking  a  hiding  place,  when  they 
appeared  to  attack  him.  He  replied: 

In  rcfeience  to  your  idea  that  the  snakes  observed  were  trying  to  pet  a\\ay  and  only  inci* 
deniallv  i;imc  in  mv  direction,  I  wish  to  stale  that  thcv  l>oth  took  the  hard  way  to  get  at  me, 
and  if  1  had  been  slow  in  my  movements  I  feel  that  my  opportunitv  to  write  this  would  not 
have  occurred.  The  Blowout  Mountain  snake  pursued  me  up  a  rather  steep  embankment 
when  the  easy  way  was  out  on  the  level  below,  where  flat  lam!  atui  brush  cover  lav.  The 
snake  found  near  I  t.  Cbadixuuiie,  in  Coke  Cx)untv.  was  Iving  on  level  i^iound  l)eside  a  road. 
The  land  was  all  level,  and  beyond  the  fence  bordering  the  road  were  shrubbery,  cactus, 
grass,  and  mesquite  trees,  which  would  have  furnished  some  cover  for  the  snake.  But  as  I 
approached  from  the  smooth  roadway  to  hit  him,  he  struck  first,  and  advanced  on  me  out 
into  the  clear  and  onto  the  beaten  roadwav  so  fast  and  furioiislv  that  I  feared  to  risk  Irving 
to  hit  hini  witii  the  stick,  and  ran  to  get  rocks  to  stun  him  with,  when  I  then  clo.scd  in  and 
killed  him. 

Di.  Ray  also  told  mc  of  another  instance  in  which  a  iricnd  ol  his  was  chased 
aioiiml  a  chinij)  o[  cedar  trees  by  a  western  diamond  bcfoic  be  could  get  lar 
enough  away  from  the  snake  to  seize  something  with  which  to  kill  it.  Of  course, 
with  regard  to  these  instances  of  attack  no  one  should  presume  that  any  rattler 
could  move  fast  enough  to  overtake  a  man  who  really  wished  to  get  out  of  its 
way.  The  only  danger  would  be  that,  while  backing  up  in  order  to  watch  the 
siutke's  movements,  one  might  trip  over  something  and  fall  in  its  path. 
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One  writer  gives  an  idea  of  tlie  relative  infrequency  of  such  attacks: 

A  friend  of  mine  savs  that,  of  the  srvcrnl  hundred  ral tiers  lie  hai  seen,  only  three  came 
forward  toward  him  as  if  to  attack  rather  than  seek  shelter,  or  hide  under  a  bush  or  in  the 
rocks.  £.  ].  Parker,  V.  S.  Forest  Service,  Ukiah,  Oref>. 

In  several  instances  of  apparent  attacks,  horses  were  involved,  leading  to  a 
possible  assumption  thai  ratLlcrs  may  find  the  odor  of  a  horse  ofTensive,  although 
it  is  much  more  probable  that  a  horse  alarms  the  rattler  by  its  heavy  tread: 

One  dav  while  hunting  coyotes  in  midsummer,  I  was  ridiiii?  liot^chack  around  the  sitlc  of 
a  steep  lull  when  I  heard  a  snake  rattle.  Looking  up,  I  saw  a  iauli:Miakc  striking  and  throw- 
ing itself  down  the  hill  toward  me.  It  was  about  10  feet  up  hilt  from  me  when  it  started. 
It  would  ilirow  itself,  and  as  soon  as  ii  hit  the  ground  it  struck  again.  It  kept  this  up  until  it 
passed  under  the  hcllv  of  the  horse  I  was  on.  It  stopped  aI)OUt  5  feet  below  me  under  a 
bushy  tree.  Morgan  L.  Hall,  U.  S.  Fiitlt  and  Wildlife  St  tvice,  Dillon,  Mont. 

•o 

I  have  never  taken  murli  stork  in  the  old  storv  of  a  rattlesnake  attacking  a  person;  but  some 
years  back,  near  Datil,  New  Mexico,  in  September,  I  had  snakes  charge  toward  mc  on  two 
occasions;  but,  in  the  excitement  of  getting  tlicm  killed,  I  failed  to  try  to  figure  out  just 
what  was  causing  their  actions  or  reactions.  I  was  on  horseback,  so  it  is  possible  they  just 
charged  the  noise.  W.  H.  Koo^er,  U.  S.  Forest  Service,  Prescott,  Ariz. 

-o 

Generally,  rattlesnakes  will  attempt  to  retreat  when  you  come  in  their  path;  although  one 
year,  on  two  occasions  on  steep  mountain  trails,  I  have  had  them  coil  and  actually  crowd 
my  hone  from  the  trail.  Lee  Kay,  Utah  Fish  and  Game  Commission,  Salt  Lake  City,  Utah. 

Obviously  some  rattlesnake  attadts  result  from  an  initial  hostile  motion  of  the 
person  making  the  report,  but  at  other  times  it  is  impossible  to  determine  what 
first  aroused  the  snake.  Stanley  G.  Jewett,  of  Portland,  Oregon,  had  a  northern 

Pac  ific  rattler  strike  at  him  as  he  went  by  on  a  rocky  slope  to  rctrie\e  a  duck 
he  had  shot  on  a  nearby  pond.  Fitch  (1944a,  p.  518)  reported  that,  although 
most  northern  Pacific  rattlers  on  the  San  Joaquin  Experimental  Ran^e  lacked 
agi:;ies>i\ rncss,  occasionallv  one  would  come  out  striking  ■wildly,  c\en  if  this  led 
the  siiakr  .i\\a\  Irom  its  shelter.  Hall  (1929,  \y  80)  tells  ol  a  Great  Hasiii  rattler 
that  look  the  olTensivc  and  approached  several  men  with  aggressive  intent,  cover- 
ing a  distance  of  about  12  feet.  The  men  were  experienced  naturalists,  familiar 
with  rattlesnakes  in  the  field;  this  is  not  the  report  of  a  frightened  observer,  as  is 
often  the  case  in  accounts  of  aggressive  rattlers. 

I  have  ahead)  pointed  out  that  it  is  risky  for  persons  to  pass  in  single  file  along 
a  path,  since  the  head  of  a  parly  may  disturb  a  rattler  sufficiently  to  cause  it  to 
strike  one  of  those  w  ho  follow.  Sometimes  a  snake  is  disturbed  by  passing  animals 
just  as  a  man  comes  along: 

I  have  seen  only  one  rattler  tliat  was  "cm  the  fight."  .\  band  of  sheep  had  just  passed  over 
or  around  il.  It  was  coiled  ui  (he  foot  of  a  large  pondcrosa  pine  tree  and  had  about  one- 
third  of  its  body  off  the  ground  waving  from  side  to  side  and  rattling  vigorously  all  the  time. 
Earl  C.  Sanford,  V.  S.  Forest  Service,  Vernal,  Utah, 

Of  course,  it  is  to  be  expected  that  an  injured  snake  will  attack.  For  example: 

The  only  act  of  aggression  I  have  witnessed  from  a  rattler  was  an  instance  where  a  diamond- 
back  had  been  sl)ot  by  a  rancher.  When  the  man  approached,  the  snake  attacked  him  unsuc- 
cessfully, but  in  (his  case  (he  snake  was  obviously  pain  rra^cd  and  had  been  biting  itself. 
Philip  F.  Allan,  Soil  Conservation  Service,  Fort  IVorth,  Tex. 
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I  stepped  on  a  raillcr  one  warm  day,  and  he  struck  and  bit  me  on  the  side  of  tlic  leg.  He 
then  took  right  after  me  until  the  dog  ran  in  between  us,  and  the  snake  then  took  after 
the  dog.  until  I  shot  the  ratder.  Elmer  C.  Bemaseoni,  U.  S.  Fish  and  Wildlife  Service,  AttU' 
ville,  Calif, 

It  may  be  said,  in  passing,  that  these  rare  instances  of  aggression  are  not  re- 
stricted to  rattlers  or  even  to  venomous  snakes.  For  example.  Wade  (1945,  p.  172) 
gi\  ( s  1  ^vell-aiitlienticatcd  account  of  an  attack  by  a  large  pilot  black  snake  {FAnfihe 
o.  obsolela)  that  he  had  jiisi  released.  Similar  Ntories  f)f  attacks  by  harniless  black 
racers  (Coluber  c.  constrictor)  are  common  (e.g.,  Noble,  1937,  p.  683;  Finneran, 
1948,  p.  123). 

It  would  be  regrettable  il,  owing  to  their  sensational  nature,  these  reports  of 
occasional  rattler  aggressiveness  should  lead  some  of  my  readers  to  impute  a  great 
deal  more  vindictiveness  to  rattlesnakes  than  they  deserve.  I  could  cite  plenty 
of  evidence  to  the  contrary,  although  naturally  much  less  exciting.  Some  reports 
that  represent  more  usual  attitudes  follow: 

I  have  never  seen  a  ratder  strilce  if  given  any  chance  to  get  away,  and  have  always  found  it 

necessary  to  run  them  down,  kick  sand  at  thcni  or  in  sotne  wav  irritate  iheni  liefore  they 
would  show  any  fight.  Dwight  A.  Hester,  U.  A.  torest  Service,  Grand  i\/«fl,  Colo. 

■o- 

Usually  when  ratdemakes  are  distuibed  they  are  not  ready  at  once  to  strike,  but  will  crawl 
away,  raising  their  heads  some  distance  above  the  ground  and  ratding  rather  casually.  When 

notice  is  taken  of  tlictii,  in  most  <ascs  they  will  tr\  to  {-scaiw,  hut  £ailing  ihls  they  COil,  ready 
to  strike.  R.  C.  Anderson,  Li.  S.  forest  Service,  Ogden,  Utah. 

As  a  rule,  the  northern  Pacific  rattlesnakes  in  this  area  are  prone  to  lie  still  or  try  to  escape 
if  a  person  approaches.  They  usually  do  not  rattle  unless  a  person  steps  very  dose  to  them 

and  thcv  arc  alreadv  coiled.  T  liave  slc|)])c(l  ri^ht  alongside  of  several  rattlesnakes  that  were 
strctclicd  out  and  would  never  have  known  they  were  there,  had  1  not  seen  them.  Upon 
being  prodded  with  a  stick  they  immediately  coiled  and  rattled,  and  showed  they  were 
ready  to  fight.  L,  J.  Coopett  U.  S.  Forest  Service,  Merlin,  Oreg. 

«*» 

In  all  mv  experieiue,  from  the  (Icsciis  of  mhiiIriii  (ialifomia  to  ilic  lii<;li  moinitain  ret^ions, 
I  have  never  known  a  rattlesnake  to  attack,  or  even  to  stanil  and  liglii  a  human  being  when 
there  was  the  slightest  opportunity  for  the  snake  to  make  its  escape.  A.  Lewis,  U.  5,  Forest 
Service,  Groveland,  Calif. 

Virtually  all  the  rattlesnakes  I  have  ever  found  nied  to  get  away  from  me  and  very  seldom 
showed  any  fight  until  they  were  attacked.  F.  A.  Land,  U.  S.  Forest  Senwe,  SierravilU;  Calif. 

Seve  ral  nf  iiiv  correspondents  report  instances  of  failure  to  strike  even  when  the 

opjiort unity  ollcred: 

A  girl  of  my  acquaintance  was  silting  on  a  lo<;  with  her  feet  resting  on  the  ground.  After 
she  had  ix:cn  sitting  there  for  some  lime,  she  moved  both  feet  up  on  the  log.  and  while  in 
that  position  she  glanced  down  the  other  side  of  the  log  and  there  was  the  coil  of  a  black 
ratder.  Her  feet  had  been  within  easy  striking  distance,  but  no  effort  was  made  to  Strike, 
nor  did  the  snake  ratde.  C.  V.  Dong,  State  Fish  Warden,  East  Waterford,  Pa. 

1  once  stepped  on  a  coiled  rattlesnake  1  did  not  see  l}ing  on  the  trail.  He  neither  rattled 
nor  struck  at  me,  nor  did  he  rattle  when  I  killed  him.  He  was  lively  enough,  and  about  3 
feet  long.  B.  A.  Eger,  U.  S.  Forest  Serxnce,  Buena  Vista,  Va, 
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Once  whi!c  cradlirifj  grain  in  mv  nndr's  field,  he  cilhd  to  nio  to  lomv  hack,  and  poinlcd  to  a 
large  raiilcr  all  coiled  up  and  in  posiliun  lu  &lrikc.  I  had  stepped  within  2  or  3  inches  of 
the  snake.  In  picking  up  tlie  grain  my  unde  had  run  the  back  of  his  hand  on  it;  he  fett 
something  cold  which  caused  him  to  look  down  and  sec  it.  The  snalK  was  perfectly  quiet 
and  showed  no  disposition  to  bite.  A.  A.  McCoy,  Hines,  Oreg. 

■o 

On  one  occasion  I  sat  down  beside  a  big  rattier  and  did  not  know  of  its  presence  until  I 
heard  it  moving  away  through  the  grass.  It  never  raided,  but  seemed  intent  on  leaving  my 
company.  I  have  never  found  one  aggressive;  they  are  content  to  be  left  alone.  Helson  K, 
Carpenter,  San  Diego,  Calif, 

That  rattlesnakes  are  generally  peaceably  inclined,  unless  deliberate  I)  ovoked, 
has  been  commented  upon  by  many  of  the  early  writers,  prone  as  some  of  them 
were  to  exaggerate  the  dangers  from  the  wild  creatures  of  the  New  World.  This 

pacific  attitude  has  been  mentioned  by  Hernandez  (1615,  fol.  192'";  1628,  1651, 
p.  329),  Wood  (1634,  p.  47),  Nieremberg  (1635.  p.  268),  Joustonus  (1653,  p.  27), 
Biidd  (1685,  p.  35),  Clayton  (1693.  p.  39),  Hennepin  (1698,  p.  221),  Lawson  (1709, 
p.  128),  licvcrly  (1705,  p.  64:  1722.  pp.  64,  260),  Catesby  (1731-43.  vol.  2,  p.  41), 
Piniy  (it  al.  (1732.  p.  1017),  Brickcll  (1737.  p.  143).  Kalni  (1752-53.  p.  31H;  1758, 
p.  292),  Charievoi.v  (1761,  vol.  1,  p.  244),  Timberlakc  (1765,  p.  45),  Cievecocur 
(1782,  p.  238),  La  Rocfaefoucault-Liancourt  (1799,  p.  595),  Weld  (1800,  p.  150), 
Dwight  (1823,  p.  29).  and  Bailey  (1878,  p.  404).  In  addition  to  pointing  out  the  in- 
offensive character  of  these  snakes,  the  writers  dwell  on  the  warning  usually  given 
by  the  rattle,  and  the  fact  that  generally  they  must  be  deliberately  disturbed  to  be- 
come dangetous.  .Similar  data,  with  some  more  recent  cxpcricnres,  arc  given  by 
Grinnell  and  Grinnell  (1907,  p.  50),  Reese  (1910,  p.  367),  Grinncll,  Dixon,  and 
Linsdale  (1930.  p.  153),  .Sprunt  (1933,  p.  24),  King  (1939,  p.  577),  Gibson  (1940, 
p.  24),  and  Malonev  (1945,  p.  30). 

Even  after  a  ratiler  has  taken  an  ofTeiisi\c  altitude  it  is  quite  possible  to  cow 
it  so  that  it  will  no  longer  attempt  to  strike,  but  will  only  hide  its  head  in  its  coils. 

A  rattler  can  be  frigiitcncd  to  the  point  wlieic  it  won't  strike.  I  liave  seen  this  done.  Ellen 
Johnston,  V.  S.  Fish  and  Wildtife  Service,  Shelby,  Mont. 

\\'ilbur  Doudna  reports  having  deliberately  teased  an<l  ahusid  a  Panamint 
rattler  (C.  m.  stephensi)  in  an  endeavor  to  rouse  it  to  anpcr,  but  without  success. 

The  idea  that  a  rattler  can  be  cowed  by  abuse  should  not  be  dcpenilrd  on  for 
protection  short  of  killiug  the  snake.  There  is  noiliing  to  warrant  the  statcnient 
by  Wood  (1855,  p.  332)  that,  when  a  rattler  is  ready  to  strike,  one  has  only  to 
clap  his  hands  or  rap  the  ground  with  a  stick,  whereupon  the  creature  will  be  so 
startled — ^like  a  man  awakening  from  sleep — that  it  will  "fall  out  of  its  coil." 
Besides  the  fact  that  the  snake  is  unable  to  hear  a  sound  made  by  clapping  hands, 
such  a  sudden  motion  would  only  stir  it  to  greater  belligerency. 

W^ARNINC  Ml  CHANISMS 

The  Rattle. — One  of  the  principal  elements  of  the  rattlesnake's  siandai  tl  \saining 
behavior  is  tiie  use  of  the  rattle,  for  the  priman,'  function  of  the  rattle  is  to  warn 
away  or  frighten  animals  that  might  be  injurious  to  the  snake.  I  his  presently 
accepted  theory  o£  the  purpose  of  the  rattle,  whidi  I  have  discussed  in  chapter  5 
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(p.  257),  rc(|niics  nicntion  at  this  ])()int  only  to  the  extent  o£  indicaling  the 
variability  in  ilie  use  of  the  rattle  by  a  snake  on  the  defensive. 

In  the  early  days,  those  who  wrote  on  natural  history  were  so  impressed  with 
the  unique  character  of  the  rattle  that  they  stressed  its  use  as  a  God-given  benefit 
to  mankind,  believing  that  no  rattler  ever  struck  without  first  giving  fair  warning 
by  rattling.  Later  observations  failed  to  confirm  this»  and  from  time  to  time  con- 
troversies on  this  point  ha\c  raged  in  the  {|uestions-and-ans\\<  i  s  cohmins  of  the 
sporting  magazines  in  which  both  sides  ha\e  bolstered  their  theories  with  Held 
observations.  At tually,  the  evidence  points  to  the  general  conclusion  that  rattlers 
usually  warn  bcfoie  sii  iking,  anil  that  a  c  larifi(  ation  of  ilefmitions  would  roiu- 
pose  some  of  the  a])j)ai(  nl  tlifii h  ih cs  helwein  those  who  lia\c'  inainlaiiied  ojjpos- 
ing  views.  For  the  question  naturally  arises  as  to  what  one  means  by  the  term 
"strike."  If  this  is  thought  to  be  synonymous  with  "bite,"  then  certainly  rattlers 
do  not  invariably  warn  an  enemy  (they  never  warn  prey);  for  if  one  steps  on  a 
rattler  it  will  quite  likely  bite  without  even  striking:  and  if  a  rattler  is  suddenly 
and  violently  alarmed  it  may  strike  instantly,  and  may  or  may  not  rattle  simul- 
taneously. The  procedure  is  largely  a  matter  of  timing;  if  a  rattler  is  annoyed 
by  an  approaching  enemy,  and  it  is  given  time  to  shift  from  procrypsis  and  flight 
to  active  defense,  then  in  nearly  every  instance  it  will  throw  itself  into  its  menac- 
ing, S-shajKcl  coil,  and  at  the  same  time  it  will  sound  the  rattle.  lint  if  an  attack 
(omes  suddenly,  the  tattler  may  retaliate  with  an  instant  strike,  and  theic  will 
be  no  inleiAal  of  latlling.  Certainly  no  one  should  exjject  a  rattler  to  ad\ertise  its 
presence  by  rattling  when  there  is  a  chance  that  it  may  escape  detection  by 
depending  on  concealing  coloration  and  quiescence,  since  this  would  obviously 
defeat  its  pur])ose.  Yet  many  take  this  as  a  failure  to  deliver  the  much-heralded 
warning. 

Among  the  authors  who  supposed  that  rattlers  never  failed  to  warn  before 
striking  were  Beverly  (170.5,  p.  64;  1722.  pp.  64,  261),  VValduck  (1714.  in  Master- 
son,  mS,  p.  21.5),  Vignc  (18.)2.  p.  90).  Lanman  (1863,  p.  229).  and  \\\hk\  (186:i 
vol.  ?}.  p.  102).  Only  one  of  my  ( oi resjjondents  takes  this  position,  and  he  mcrelv 
states  that  in  his  expel ienie  he  ne\ei  saw  one  strike  without  fust  soiuidin;^  the 
rattle.  Pistorius  (^1763,  p.  80)  enunciated  ilie  strange  theory  that  rattlesnakes  always 
rattle  three  times  before  striking.  This  has  now  become  a  part  of  the  folklore  of 
Maryland  (Bergen,  1899,  p.  87;  Whitney  and  Bullock,  1925,  p.  60)  and  of  the 
Pennsylvania  Germans  (Brendle  and  Unger,  1935,  p.  200). 

Of  the  authors  taking  the  other  side  of  this  argument,  none  takes  the  position 
that  rattlers  never  warn;  most  of  them  are  merely  concerned  with  the  widespread 
belief  that  they  always  warn,  a  theory  they  wish  to  correct  in  the  interest  of  safety. 
Kalm,  as  early  as  1752-53  (p.  31G).  expressed  the  opinion  that  they  sometimes 
failed  to  rattle  befoie  biting,  l.c  Conte  (1853,  p.  119)  believed  that  rattlers  seldom 
warn  belore  striking.  Wright  (1900,  p.  256),  V.,  C..\.  (1913,  p.  498).  Gillam  (1916, 
p.  130).  Magee  (1913,  p.  87),  lienum  (1945.  p.  80),  Small  (1916,  p.  S8|,  and  Bieland 
(1918,  p.  199)  cite  instances  of  failure  to  warn,  but  some  of  these  fail  to  dilfeien- 
tiate  between  bites  and  strikes. 

Swanson  (1952,  p.  181)  believes  that  a  suddenly  alarmed  rattler,  such  as  one 
that  is  found  asleep,  is  more  likely  to  rattle  than  one  already  on  the  alert.  Duncan 
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(1945,  p.  171)  thinks  a  rattler  will  usually  sound  the  rattle  if  found  in  the  open* 

but  m;i\  tioi  if  partly  concealed. 

Ariian  (1910),  who  luuitcd  ratilcis  assiduously  iu  Claliloniia  and  Arizona,  states 
that  onlv  2  or  3  per  tent  of  the  snakes  lie  taught  rattletl  belt)ie  he  saw  thcni.  This 
is  hardly  to  be  ctinsLrucd  as  an  anaignnieni  o£  rattlesnakes  £or  failure  to  warn; 
rather,  it  shows  the  extent  of  their  dependence  on  procrypsis.  The  rattle,  in  fact, 
is  the  poorest  kind  of  a  defense  against  man,  for  in  his  case  it  invites,  rather  than 
discourages,  attack.  We  may  be  sure  that  had  there  been  missile-throwing  and 
weapon-carrying  creatures  on  earth  during  the  aeons  when  the  rattle  was  being 
developed,  the  ancestors  of  the  rattlesnakes  would  never  have  survived  to  bequeath 
this  (jtieer  appendage  to  their  descendants  of  today. 

1  he  following  are  some  tjf  the  varving  opinions  of  my  own  correspondents 
upon  the  readiness  witli  which  (he  snakes  sountl  tluir  rattles.  It  is  to  be  noted 
how  frequent  is  the  assinnption  tiiat  a  really  lair  and  honest  rattler  ought  to  sound 
off  and  make  its  presence  known  whenever  a  human  being  comes  within  hailing 
distance: 

Without  having  statutks  to  ptove  it,  I  think  that  rattlesnakes  wilt  fall  to  warn  by  rattling 
about  one-third  of  the  time.  This  does  not  seem  to  be  a  seasonal  characteristic.  Most  snakes 

I  have  comv  in  roiitad  with  rattled  whfii  tlosrlv  approat lied,  say  at  al)Oiit  10  feci  or  less.  I 
remember  one  last  year  tliat  gave  its  warning  wlien  over  30  feet  away.  Meredith  Leitch, 
Staunton,  Va. 

I  am  convinced  that  ratilcrs  do  not  always  rattle  before  striking,  as  I  was  struck  on  tlie  heel 
by  one  in  Tennessee.  The  snake  was  lying  beside  an  old  raflroad  grade  and  did  not  rattle 
before  stiikli^.  T.  S.  Seely,  V,  S.  Forest  SeroUtt,  TMadega,  Ala. 

o- 

Ratlicsnakcs  do  not  always  act  the  gentleman,  as  so  often  is  said  of  them,  for  just  today, 
one  struck  at  me  and  rattled  at  the  same  time.  Phii.  Kennedy,  V.  S.  Forest  Service,  Douglas, 
Ariz. 

o 

I  have  almost  stepped  on  rattlesnakes  pos^iliiv  a  do/eii  times,  hut  the  only  time  there  was  a 
warning  rattle  was  once  in  a  canyon  near  the  Coral  Reef  Ranch  south  of  Indio,  California. 
My  wife  was  approaching  a  paloverde  bush  to  observe  a  verdin's  nest,  when  a  rattler  pro- 
dtioed  a  whirr  that  was  a  f»nipensati<m  for  all  the  other  cases  <rf  omission.  Josiah  Keely, 
Huntington,  N.  Y.  ^ 

As  for  a  rattler  always  warning  you,  1  have  not  had  one  in  20  do  any  rattling  except  when 
fought  with  a  stick  or  rocks,  and  often  not  then.  While  1  will  alwavs  po  out  of  my  way  to 
kill  them,  1  highly  respect  them  because  quite  a  number  have  had  every  ciiance  to  sink 
their  fangs  into  me  and  didn't.  One  tried  once,  but  only  because  I  was  standing  on  his  tail. 
Don't  tell  me  a  man  can't  jump  6  feet  high  without  bending  his  knees  first.  R.  J.  Yates, 
Game  Warden,  San  Rafael,  Calif. 

So  universal  is  the  folklore  belief  that  a  rattlesnake  always  rattles  before  striking, 
that  a  note  of  warning  may  not  be  amiss: 

There  is  one  thing  I  would  like  to  see  more  publicity  given  to.  That  Is  the  fact  that  a 

rattlesnake  dots  not  al\va\s  rattle.  In  fact.  I  have  not  heard  one  latile  except  when  he  was 
very  much  provokcil.  I  he  one  that  bit  me  did  not  rattle  at  all;  and  just  this  last  week 
while  dove  hunting,  my  companion  walked  within  S  feet  of  one  that  was  coiled,  and  I, 
fcdlowing  him,  aluKjst  stepped  on  it.  The  nioN  cmcn:  cf  the  snake's  head  attracted  my  atten- 
tion, anrl  even  then  it  did  not  rattle,  merely  watched  mc  as  I  was  onlv  a  few  frrt  from  it. 
a.  dM.  Robinson,  in  Outdoor  Life,  vol.  6S,  no.  5,  p.  JOS,  May,  1929,  writing  from  California. 
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Some  people,  not  knowing  of  the  rattlesnake'^  usual  expedients  ot  procrypsis 
and  retreat,  e\|)ress  suiprisc  and  sliocked  loathing  lor  tlie  faithless  rattier  that 
fails  lo  sound  oil  at  the  niouicnt  wlicn  it  is  fust  discovered  by  a  human  intruder, 
regardless  of  the  distance  that  separates  them.  I  have  already  pointed  out  that 
rattling  is  usually  a  later  element  of  the  defensive  sequence. 

The  Hiss. — A  second  eleineiH  of  the  rattler  warning  jjosture  is  the  hiss.  It  is  sur- 
prising liow'  many  writers  have  stated  that  rattlers  camiot  hiss,  among  them  Mather 
(1873.  p.  278),  Hopley  (1882,  p.  313;  1887,  p.  512),  IngcrsoU  (1884a,  p.  402),  O'Reilly 
(1891,  p.  87),  Lydekker  (1896,  p.  242),  Fountain  (1901,  p.  80),  Hudson  (1919,  p. 
205),  Thompson  (1924,  p.  71),  and  Sass  (1935,  p.  258).  The  assumption  has  evi- 
dently been  that  they  do  not  need  a  warning  hiss,  as  do  other  snakes,  its  place 
being  taken  by  the  rattle.  .\s  a  matter  of  fact,  rattlers  can  and  do  hiss  quite  loudly, 
although  it  is  true  that  the  sound  is  largely  overshadowed  bv  the  more  strident 
rattle.  Rut  it  is  oidy  ne(essar\  to  still  the  rattle  bv  i\itig  a  l)ii  of  doth  aiound  it. 
and  the  unquestioned  hiss  will  be  heard  from  any  rattler  in  its  stiiking  p{ise. 
$.,  £.  gave  an  accurate  description  of  a  rattler's  hiss  as  early  as  1883  (p.  7).  The 
hiss  compares  favorably  in  volume  with  that  made  by  most  other  snakes,  although 
not  so  loud  as  some,  such  as  the  bull  or  gopher  snakes  (Pituophis),  which  have  a 
special  formation  of  the  epiglottis  to  increase  the  sound." 

A  rattler  may  hiss  on  either  inspiration  or  expiration,  or  both.  There  is  little 
tlifference  in  the  \olume  of  sf)imd  ])roduced,  although  it  seems  slightly  more 
intense  upon  exhalation.  Sometimes  the  whole  bod\  swells  ot  deflates,  sometimes 
onlv  the  aiUei  ior  half,  w  hile  iht-  jiostei  ioi  llattens.  as  is  usual  in  the  llueaicuing 
postuie.  Although  rattlesnakes,  like  nearly  all  snakes,  have  only  one  functional 
lung,  its  capacity  is  relatively  large,  as  the  organ  comprises  not  only  a  vascular 
section  serving  the  usual  purpose  of  aerating  the  blood,  but  a  posterior  smooth- 
surfaced  extension,  like  a  tubular  balloon.  This  part  increases  the  lung  capacity, 
and  hence  lengthens  the  hiss  on  both  inspiration  and  expiration. 

It  is  to  be  remembered  that  snakes  are  deaf  to  air  borne  sounds  and  that  the 
hiss  is  ;i  tlneat — a  part  of  the  defcnsi\e  ])alleru — and  not  a  means  of  (onmumi(a- 
tion  Ix  tween  indi\ idiuils.  All  soiuuls  matle  Ijy  snakes,  as  lar  as  know  n,  iiu  hiding 
the  rattle  of  the  rattlesnake  and  the  stale-seraping  of  the  saw-scaled  \ipcr  (Ecliis 
carinalus),  arc  warnings;"  for  necessarily  they  must  be  made  for  their  effects  on 
creatiures  that  can  hear,  which  eliminates  other  snakes.  Thus  we  may  question 
the  accuracy  of  the  observation  of  Stradling  (1882,  p.  378),  who  heard  a  green 
snake  (not  a  rattler)  scream  so  that  it  was  thought  by  passers-by  to  be  the  cry  of  a 
child.  .Some  Brazilian  natives  believe  that  venomous  snakes  (including  rattle- 
snakes) dccov  sjuall  hirtls  and  mannnals  by  inn'tating  their  calls  (Fawrett.  11)53, 
pp.  123.  2.')!).  Hudson  (189.'U),  p.  tells  ol  some  harndess  snakes  that  li\ed 

untler  his  house  and.  while  undislurbeil,  kepi  ujj  a  kind  of  hissing  f  on\ 1 1  sat  ion. 

Similar  imaginary  sounds  have  been  imputed  to  rattlers,  particularly  the  east- 
ern diamondback  (C.  adamanteus),  Allison  (1946,  p.  113)  once  bedeviled  one  until 
its  hiss  turned  into  growls.  A  friend  of  his  saw  a  rattler  coming  down  the  trail 
with  its  mouth  open,  making  a  noise  like  the  complaining  of  a  distant  bull.  An- 

However,  it  would  take  keen  ears  to  hear  a  i)u!l  snake  ai  30  yards  or  more,  as  Berridge  allies 
(1926.  p.  24).  He  likens  the  sound  to  a  bellow,  which  it  certainly  is  not. 

"  I  am  reiEenring  to  ncsmal  sounds,  not  audi  a  noise  as  a  sort  of  bubbling  that  has  been  heard 
to  emanate  from  an  injured  snake  when  trying  to  hiss,  or  a  sick  one  trying  to  breathe. 
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other  saw  one  on  the  trail  of  a  rabbit,  weaviiii>  iroiii  side  to  side,  and  emitting 
a  strant>c.  luimniing  moan.  Meek  (19  H).  pp.  19.  8.'?.  10.'?,  I  (IS.  1,'M,  211,  253) 
makes  much  of  a  mysterious  inatin!^  call  he  atirihuli  s  to  ilic  dinniondbac  k.  The 
snake  is  smart  encnigh  to  conceal  tliis  Ikjui  all  but  a  few  human  beings;  when 
it  knows  men  are  about,  the  wailing  call  is  changed  to  something  like  a  bird's 
chirp.  Stories  of  this  kind  usually  emanate  from  sounds  heard  at  night,  when  the 
source  of  the  noise  cannot  be  ascertained  or  identified.  It  may  be  pointed  out 
that  not  only  is  there  no  evidence  that  rattlers  make  such  sounds,  but  an  ana- 
tomical examination  fails  to  show  a  possible  source. 

Although  a  lattlcr  usually  hisses  only  while  in  the  striking  coil  and  when  simul- 
taneously rattling,  tiiis  is  not  always  the  case.  Someliines  it  will  stop  rattling, 
yet  (ontinue  to  hiss.  V'eatdi  (18()'J,  |).  l.')!)  noted  tliat  tbe  Cicdros  Island  diamond 
rattler  ^C.  exsul)  sometimes  hissed  when  not  sounding  the  rattle.  A  correspondent 
writes: 

After  climbing  around  the  hills  near  ioniana,  1  sal  duwu  lu  rcsl.  I  heard  a  wheezing  noise- 
something  Iik«  the  sound  of  a  wind  •tonn— ofF  and  on  for  about  ten  minutes  or  more. 

sounding  a.s  if  it  came  from  up  ihe  hill  aways.  )>iit  to  my  surprise  as  I  turned  around.  I  saw 
a  rattlesnake  not  -i  fed  away.  I  watched  il  for  aboul  15  minutes  and  it  would  make  this 
noise  as  it  expanded,  and  again  as  it  would  contract.  C.  W.  Couklitij^,  Los  Angeles,  Calif. 

Use  of  the  Tongue. — Another  feature  of  the  rattler's  warning  posture  is  the 
tongue,  for  a  rattlesnake  on  the  defensive  uses  this  in  a  maimer  quite  beyond 
the  necessities  of  its  luiu  iioii  as  a  sense  organ,  and,  in  fact,  even  possibly  inter- 
fering somewhat  with  that  purpose.  The  rattler's  tongue,  like  tiiat  of  other  snakes, 
is  an  adjunct  to  the  sense  of  smell.  As  discussed  in  chapter  6  (p.  398),  its  tips  serve 
to  carry  material  particles  secured  in  the  air  to  the  openings  for  Jacobson's 
organs  in  the  roof  of  the  mouth,  from  which  the  resulting  responses  are  conveyed 
to  the  brain.  When  serving  this  purpose*  the  tongue  is  repeatedly  flicked  out 
horiaintally,  wavered  slightly,  and  then  retracted  to  make  its  depositary  report. 
But  a  rattler  on  the  defensive  holds  its  tongue,  extruded  to  the  utmost,  alter- 
nately vertically  erect,  and  then  dowiiwaitl.  and  this  for  considerable  jjcriods, 
10  to  15  seconds  or  moie,  before  retrac  tion.  1  he  blac  k  tips  are  widely  separated, 
and  these,  with  the  pink  central  column,  make  an  imposing  show,  for  they  are 
the  most  mobile  element  in  the  entire  posture.  This  use  of  the  tongue  seems  to  be 
primarily  lor  its  visual  effect;  for,  although  it  is  frequently  withdrawn,  the  long 
pauses  between  retractions  must  actually  interrupt,  to  some  extent,  the  sensation 
of  smell. 

The  Scent  Glands. — Some  items  in  the  rattler's  defense  arsenal  are  used  rarely 
and  are  not  a  part  of  the  customary  defensive  posture.  Most  snakes  are  equipped 
with  a  pair  of  musk  or  scent  glands  in  the  tail.  The  discharges  from  these  glands 

are  not  to  be  confused  with  those  of  the  digestive  tract,  although  they  arc  some- 
times emitted  simultaneously  when  snakes  are  handled.  1  he  purpose  of  the  glands 
is  not  known  with  certainty,  and  the  use  mav  differ  in  dilleicni  kinds  of  snakes, 
although  from  the  exceedingly  cjffcnsive  odor  of  the  discharge  in  many  genera — 
the  garter  snakes  (Thamnupliis),  king  snakes  {Lampropeltis),  and  Nearctic  boas 
(Lichanura),^*  for  example — and  the  fact  that  they  are  excreted  when  the  snakes 

^*  With  some  practice  one  can  recogni/e  the  difierent  cHiors  of  .some  of  the  more  nauseating 
genera.  Elliot  (19S4a,  p.  509)  stated  that  he  could  distinguii»h  cobra  from  Russell's  viper  scents. 
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arc  h.nicllccl,  it  iii.iy  l)c  assuiiKci  that  they  ronipiisc  n  dclcnsc  incclianisni.  '1  he 
glands  in  the  female  diUcr  lioni  those  of  the  male,  and  it  minhi  be  presumed 
that  the  stent  avouIU  serve  to  bring  the  sexes  together.  However,  Xoble  and  Clau- 
sen (1936,  p.  315)  and  Noble  (1937,  p.  720)  found  that  these  secretions  played  no 
part  in  sex  recognition  in  Thamnophis  and  Storeria.  Vols0e  (1944,  p.  50),  on  the 
other  hand,  is  of  the  opinion  that  the  glands  may  serve  to  attract  the  males  to 
the  females  in  the  European  vipers  (Vipera).  Fraser  (1936-37,  p.  279)  even  sug- 
gested that  they  might  secrete  a  li(|iiid  necessary  for  the  viability  of  sperm,  but 
there  is  no  evidence  of  such  a  purjjose. 

Whether  the  postanal  scent  glands  of  tlie  ratth  rs  serve  any  pin  ])ose  in  the  mat- 
ing pattern  is  not  known,  but  at  least  it  is  evident  that  they  are  occasionally  used 
as  a  part  of  the  defense  mechanism,  especially  if  a  snake  is  being  handled  or 
mistreated.  Ratdesnake  scent  is  to  me  pungent  but  not  particularly  offensive, 
much  less  so  than  the  disgusting  odors  emitted  by  garter  and  king  snakes,  for 
example.  However,  some  people  consider  it  decidedly  unpleasant.  Thatcher  (1940, 
p.  37)  deemed  the  scent  more  objectionable  than  that  of  the  skunk — certainly  an 
exaggeration.  As  early  as  1083,  l  yson  (p.  38)  not  onlv  recognized  the  scent  glands 
as  such,  but  observed,  as  is  tru(  of  many  scents,  that  it  vvns  vmpleasant  when  con- 
c(  ntr.ucd,  but  not  so  when  dilhiscd.  This  no  doid)t  accoiuits  lor  the  dillerences 
in  opinion  as  to  the  unpleasantness  of  the  rattlesnake  musk. 

In  the  rattlers  the  discharge  is  a  thick  licjuid,  dark-brown  in  color;  it  is  thinner 
than  in  many  other  snakes,  in  some  of  which  it  has  the  consistency  of  a  jelly,  and 
may  vary  in  color  from  white  through  yellow  to  brown  in  the  different  genera. 
In  the  rattlers,  as  in  most  snakes,  the  glands  are  larger  in  the  female  than  in  the 
male. 

As  I  have  stated,  a  discharge  frcjm  the  glands  is  likely  to  be  made  w  hen  a  snake 
is  handlctl  or  Iri^hii  iu  cl.  An  i  jt  i  lion  from  iIr-  glands  is  not  luiusual  wlicn  a 
rattlesnake  is  being  milked  for  venom,  as  1  have  often  observed.  1  saw  a  young 
eastern  diamondback  (C.  adamanteus)  tliat  was  backing  away  in  his  defensive 
pose,  suddenly  emit  two  streams  of  musk  in  long,  fmc  sprays.  Later  this  was 
repeated  when  the  snake  was  held  in  the  hands.  In  another  case,  a  young  female 
southern  Pacific  rattler  (C.  v.  helleri)  that  had  been  swallowed  as  far  as  the  tail 
by  a  king  snake,  suddenly  squirted  out  the  contents  of  the  scent  glands.  This 
snake,  by  the  way,  was  far  from  being  sexually  mature.  Discharges  from  the  glands, 
in  fact,  may  be  s(|ueezcd  from  very  young  snakes,  an  argument  agaimt  tlie  inter- 
pretation of  ;i  sexual  puipose  ol  the  ulaiuls. 

W  illiam  11.  Siickel  informed  me  of  a  large  western  diamond  rattler — a  male — 
that  was  shot  in  the  neck  with  .22  dust  shot  Although  the  head  and  nedk  were 
practically  lifeless,  the  body  and  tail  were  capable  of  motion.  In  this  condi- 
tion, when  the  body  was  touched  posteriorly,  the  snake  ejected  musk,  and  this 
was  repeated  4  times,  which  shows  tli.it  it  was  no  accident.  Ott  (1882,  p.  516) 
said  he  was  often  sprayed  with  rmisk  while  handling  rattlers  to  test  the  speed 
of  vibration  of  the  rattle.  Fiidi  (19!9a,  jj.  518)  has  reported  that  he  was  fre- 
(juentlv  sprayetl  avIk  ii  j)ulling  not  llu  rn  Pacifu  rattleis  out  of  locks  l)v  their 
tails.  Thus  we  may  dehniiely  conclude  that  discharges  of  mirsk  or  scent  from 
the  postanal  glands  of  rattlesnakes  are  used  in  defense,  although  they  are  not 
particularly  effective.  It  is  to  be  doubted  whether  these  discharges — which  are 
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seldom  in  evidence  unless  rattlers  arc  held  or  restrained — are  the  source  of  the 

stories  of  the  very  strong  odors  gi\<'n  off  by  single  rai tiers  or  aggregations,  whereby 
tlu'ir  j)i  ('S(  ne  e  can  be  (U  tided  loi  long  distances.  For  these  stories  do  not  usually 
involve  disturbed  snakts,  but  latlur.  congregations  such  as  arc  to  be  found  at  a 
den;  they  are  discussed  more  fully  untlei  in\tiis  in  chapter  18  (p.  1209). 

Body  Flattening. — One  element  of  the  cK  li  nsive  posture — the  extreme  flattening 
of  the  posterior  part  of  the  body — may  be  largely  utilitarian,  for  it  results  in  a 
more  adccjuate  base  from  which  a  strike  may  be  launched.  Also,  the  ilattcning 
is  so  marked  that  it  seems  to  increase  the  ajijiarcnt  size  of  the  snake  and  may 
thus  serve  to  accentuate  the  ilncatenuig  posture  ^hg.  2:57).  It  is  more  charac- 
teristic of  a  snake  standing  its  ground  than  one  retreating,  while  still  facing  the 
enemy  in  the  striking  coil. 

That  the  flattening  is«  indeed,  partly  an  intimidating  pose  may  be  judged  from 
the  fact  that  rattlesnakes  striking  prey  do  not  flatten  to  anywhere  near  the  same 
extent.  Guided  by  the  difference  between  the  attitude  toward  an  enemy  and 
toward  prey,  wc  may  distinguish  between  those  features  of  the  pose  that  are 
largely  utilitarian,  such  as  the  S-shapcd  wave  in  the  neck,  and  those  that  are  a 
jxnt  of  the  jjattcrn  of  intimidation,  such  as  the  rattle,  tlie  hiss,  and  the  vertical 
tongue.  For  the  latter  are  not  a  part  of  the  posture  preparatory  to  a  strike  for  food. 

I'he  question  may  be  asked  whether  rattlesnakes  distinguish  between  different 
classes  of  animals  and  adopt  different  defense  mechanisms  to  repel  them.  There 
can  be  no  question  that  they  do  recognize  king  snakes  and  other  ophiophagous 
enemies.  The  peculiar  defense  reaction  employed  against  king  snakes  has  been 
described  elsewhere  (p.  1102).  No  doubt  rattlcis  tan  distinguish  mammals  from 
reptiles  by  use  of  their  facial  pits,  but  whether  this  induces  a  variation  in  the 
defense  reaction  is  not  known.  Clhalmcrs  (1878,  p.  122)  reported  that  a  dog  would 
excite  a  latller  rnoic  than  any  other  animal;  and  C..\.  (1913,  p.  198)  tells  of 
se\eial  people  that  jiassed  dose  to  a  rattler  without  seeing  it,  although  a  dog 
detected  it  at  once.  From  this  he  deduces  that  rattlers  know  instinctively  that 
they  can't  escape  detection  by  a  dog  and  therefore  rattle  at  once  when  one  comes 
near.  But  Loennberg  (1894,  p.  335)  saw  a  dog  sniff  a  diamondbadt.  (C.  adamanteus), 
which  seemed  to  take  no  notice  of  it. 

The  pose  adopted  by  the  rattler  in  the  so-called  male  dance,  although  it  may 
have  some  elements  of  a  defense  posture,  is  discussed  in  chapter  10  (p.  703). 

^^^  !  ^n^M  Di  i  fnsivk  .Actions 

With  c:i(.'.ituies  so  pioNocalive  of  sensationalism,  it  is  not  sui|jrising  that  some 
rather  lautastic  stoiics  lia\e  been  printed  concerning  the  defense  reactions  of 
rattlesnakes.  Carver  (1778,  p.  tSO)  reported  that  when  a  snake  is  animated  by 
resentment,  every  tint  rushes  from  its  subcutaneous  recess,  giving  the  surface 
of  the  reptile  a  deeper  color.  Lac^p^de  (1788-89,  vol.  2,  p.  395:  Kerr,  vol.  4,  p. 
2')0:  said  some  reports  alleged  that  the  scales  on  the  snake's  back  were  erected 
when  the  rejjtilc  was  enraged.  Bartram  (1791,  p.  267)  records  that  a  disturbed 
snake  bares  its  fangs,  and  the  tongue  becomes  the  color  of  the  hottest  flame.  Ashe 
(1808,  p.  112)  tells  of  a  rattler  tearing  its  snout  no  less  than  I  feet  alioxe  its  (oils, 
with  the  head  swelled  to  a  violent  degree,  and  its  throat  shining  with  beautiful 
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and  vivid  colois.  Ilill  (1890.  p.  19  I  s.  \vi  iliii_L;  in  1799.  lum  cl  a  raltk-t  's  colors 

heightened  surprisingly  as  it  made  ready  for  delcnsc.  Millinian  (1820,  p.  229) 
was  told  by  his  guide  of  a  rattler  that  pursued  a  young  man  in  a  series  of  leaps; 
he  thouglu  this  story  sufficiently  credible  to  warrant  printing  it. 

The  picture  of  a  rattlesnake  threatening  an  enemy  with  gaping  mouth  and 
protruding  fangs  is  an  ever-recurring  one  in  the  literature,  but  it  is  not  true  of 
an  uninjured  snake.  Such  stories  gain  credence  liom  seeing  a  snake  that  has 
injured  its  mouth  in  striking;  something,  or  whose  head  has  already  been  damaged 
In  ;i  blow.  Such  an  atcoum  of  a  rattler  threatening  uiiii  open  mouth  is  given  by 
Daudin  (ISOI  1.  vol.  .'),  p.  'MVS),  krr  (ISKi,  p.  20).  and  bv  Munav  (1829.  p.  :116). 
1  he  latter  lurther  reported  that  the  whole  body  ol  the  cornered  snake  rose  and 
fell  like  a  pair  of  bellows.  This  is  an  exaggeration  of  the  inflation  and  deflation 
involved  in  hissing.  Weston  (1836,  p.  167),  Martin  (1851,  p.  271),  Reid  (1889,  p. 
230),  and  Carmer  (1936.  p.  319)  repeat  the  open-mouth  story.  Parkman  (1870, 
vol.  2,  p.  265)  speaks  of  the  arc  bed  neck,  the  white  fangs  gleaming  in  the  distended 
jaw's,  and  the  small  eyes  darting  rays  of  unutteraljle  fierceness — in  all,  a  saerifiee 
of  biological  fad  to  literature.  Hevc  r  (1900,  p.  30)  mentions  the  ominous  glitter 
in  the  eyes  of  an  enraged  ndimunitrtis. 

Although  no  species  ol  i.illksnake  is  known  to  tin  eaten  with  open  mouth, 
some  venomous  snakes  do  so  habitually,  one  of  the  best-known  being  the  water 
moccasin  {Agkistrodon  piscivorus).  Indeed,  this  is  so  characteristic  of  the  species 
that  it  has  earned  it  the  name  "cotton  mouth"  from  the  whiteness  of  the  open 
mouth  when  threatening  an  enemy. 

G.  H.  Wyman  (1892,  p.  588)  tells  of  rattlers  going  a  mile  from  their  dens  to 
make  a  combined  attack  on  their  enemies.  In  Arizona  they  raided  a  ranch  house 
one  night  and  drove  out  several  sheepherders. 

l.esi  wf  iliink  tiiat  these  myths  and  exagmcialion-,  ccnild  have  hern  ini|)o.sed 
only  on  the  credulous  authors  of  bygone  days,  we  have  Gibson  (1910,  p.  21)  reviv- 
ing the  open-mouth  stoi7,  and  Meek  (I91())  pronudgating  a  whole  new  series  of 
fantastic  yams  of  the  attacking  methods  used  by  diamondbacks:  The  man  who 
was  chased  by  a  rattler  and  was  searched  for  here  and  there  as  he  hid  behind  a 
tree  (p.  155);  the  tluorv  that  a  rattler,  sneaking  awav  on  the  defensive,  can  shrink 
to  half  its  normal  leni;tli  like  a  worm  (p.  219);  and  finally  the  story  of  a  man  on 
horseback  who  was  outrun  by  a  dianionclback  (p.  262). 

Distinguishing  the  Resting  from  the  Striking  Con. 

One  would  expect  no  confusion  between  the  resting  and  striking  coils  of  a  rattle- 
snake, for  they  are  markedly  diiferent.  But  the  fact  remains  that  when  some 
hunter,  who  has  reported  almost  stepping  on  a  rattler  "coiled  ready  to  strike," 
is  asked  to  describe  the  creature's  position,  in  nearly  every  instance  he  reveals 
that  the  rattler  was  in  a  flat,  pmc  ake-like  coil — in  other  words,  the  snake  was 
certainly  resting  atid  was  probably  avlcej).  For  this  motionless  coil,  this  fiat  spiral 
of  the  l)ocly,  wiiii  the  head  lvin<;  on  the  outci  l(1<;c  [Ui^.  7:1),  is  in  nolaljle  con- 
trast with  the  true  striking  coil.  Jn  the  latter  (ligs.  7:2  and  7:5),  the  body  is  in  a 
vertical  spiral,  with  a  widely  opened  loop  as  a  base  on  the  ground;  above  this, 
the  anterior  part  of  the  body  is  erected,  culminating  with  the  head  and  neck  in 
a  loose  S-shaped  wave,  like  a  poised  and  threatening  lance.  The  striking  coil 


Copyrighted  material 


Behavior  477 


is  in  no  way  static — it  is  alive  with  motion,  incipient  or  actual,  a  portent  of 
disaster.  For  there  is  not  only  the  wave  in  tlic  neck  that  requires  only  straightening 
to  produce  a  forward  lunge — there  are  the  other  evidences  of  belligerence  and 
menace:  the  sounding  rattle;  the  hisses  emanating  from  the  swelling  body;  the 
flattened  posterior  affording  a  base  from  wliich  the  strike  may  be  launched;  and 


Fig.  7:1.  Southern  Pacific  raulcsnake  (C.  r.  iiellrri)  in  resting  coil. 


the  protruding  tongue,  alternately  pendent  and  vcrtirally  erect,  with  the  forked 
tips  widespread.  In  this  pose  the  snake  well  deserves  Ruskin's  descrijjtivc  phrase — 
an  appeal  ant  c  <jf  "nialij^nant  pridcr"  (187r>,  p.  190).  It  is  alert,  hostile,  and  men- 
acing. And  back  of  the  noise  of  rattle  and  hiss,  the  waving  tongue  and  poised 
head,  is  the  threat  of  the  really  dangerous  strike.  At  such  ;i  lime  a  rattler  seems 
almost  to  deserve  its  reputation  for  malevolence. 

To  return  for  a  moment  to  the  resting  coil:  Except  for  the  fact  that  the  body 
rests  on  the  ground  in  several  turns  of  a  fiat  sj^iral,  there  is  no  particular  uni- 
formity of  the  arrangement.  The  head  and  neck,  more  often  taking  the  form 
of  an  S  than  the  arc  of  a  circle,  generally  rest  on  the  other  coils.  The  rattle  is 
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sometimes  at  the  outer  edge  of  the  coil,  but  more  often  sticks  up  near  the  center. 
There  seems  to  be  no  constancy  in  the  direction  of  the  spiral:  it  may  twist  out- 
ward cither  clockwise  or  counterclockwise.  In  some  species  the  resting  coil  is 
more  often  a  two-story  affair,  that  is,  with  a  larger  part  of  the  anterior  section 
of  the  body  lying  on  top  of  the  posterior;  this  is  especially  to  be  noted  in  the 
Neotropical  rattlesnake  (C.  diirissus)  and  the  Lower  California  rattler  (C.  enyo). 

A  rattler  can  strike  only  a  short  distance  from  its  resting  coil — only  the  dis- 
tance involved  in  straightening  the  S-shaped  section  of  the  neck.  But  in  any  case 
it  will  almost  nc\er  do  this,  preferring,  if  disturbed,  to  throw  itself  first  into  its 


Fig.  7:2.  Western  diamond  rattlesnake  (C  alrnx)  in  striking  coil. 

striking  coil,  which  it  can  do  very  quickly  by  raising  the  anterior  part  of  the  body 
above  the  ground  and  at  the  same  time  spreading  the  after  part  into  a  wider  loop 
to  serve  as  an  anchorage.  Exjx?rimcnts  with  a  piece  of  hose  coiled  to  sinuilate  a 
rattier  in  its  resting  coil  will  show  that  a  forward  lunge  for  any  distance  will 
twist  the  head  laterally,  thus  illustrating  the  unsuitability  of  this  type  of  coil 
for  a  strike.  As  \'orhies  (1936a,  p.  82)  points  out,  anyone  wishing  to  prove  that  a 
rattler  in  its  resting  coil  is  not  "coiled  ready  to  strike"  has  only  to  disturb  one 
found  in  this  position  to  note  the  quick  change  to  the  true  striking  posture. 
Crites  (1952,  p.  51)  pointed  out  that  a  rattler  is  not  so  dangerous  when  coiled 
as  when  "gathered  into  folds,"  which  was  his  way  of  describing  the  striking  coil. 

A  rattler  in  its  resting  position  will  often  be  found  settled  down  in  grass  or 
ferns  as  if  they  had  been  pushed  aside  to  form  a  depression  or  bed.  If  rocks  are 
nearby,  a  snake  will  usually  coil  with  one  edge  of  the  body  against  a  rock. 

It  is  by  no  means  unusual  to  find  sidewinders  (C.  ctnastcs)  bedded  down  in 
sand  and  partly  covered  over  (fig.  7:4).  They  sink  themselves  into  the  sand  by 
lateral  undulatory  movements  of  the  body.  The  beds  are  sometimes  in  the  open 
but  more  often  under  the  protection  of  bushes.  \\'liile  sidewinders  usually  sink 
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themselves  until  flush  with  the  sand  surface,  ihcy  apparently  do  not  often  inten- 
tionally cover  ihcniselves  over,  although  not  infrequently  found  partly  covered 
by  the  drift.  Ditmars  (1923,  p.  29)  stated  that  a  sidewinder,  by  flaitening  the  body 
and  making  wavclikc  motions,  could  completely  bury  itself  (except  for  the  head) 


Fig.  7:3.  Somhwcstcin  speckled  lattlesnakc  (C.  m.  pyrrlius)  in  striking  coil. 

in  15  sc-concls.  \Vhilc  this  may  occasionally  be  done,  it  is  doubted  wlicther  it  is  a 
normal  method  of  concealment,  although  the  marks  in  the  sand  made  by  the 
ventral  plates  show  this  to  have  been  done  by  the  snake  in  figure  7:4.  Sidewinders 
are  easily  tracked  on  the  desert  in  the  morning  before  the  wind  comes  up,  and 
they  are  almost  always  found  in  the  position  described — that  is,  bedded  down, 
but  with  the  dorsum  flush  with  the  sand,  rather  than  covered,  although  the  outer 
coil,  which  has  been  used  in  making  the  bed,  is  often  covered  (Cowles,  1915,  plate 
1;  Cowles  and  Bogert,  191-1,  plate  26).  Some  desert  snakes  do  habitually  cover 
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themselves  completely,  as,  for  example,  the  conmion  sand  and  horned  vipers  of 
the  Sahara  (Pawlowsliy,  1927,  p.  279;  C:orkill,  1932b,  p.  30;  Mosauer,  1931.  p.  59). 
The  Saharan  vipers  show  a  more  complete  adaptation  for  an  arenicolous  existence 
in  that  their  nostrils  are  ecjuipped  with  valves  to  prevent  the  entrance  of  sand. 
Our  sidewinders  do  not  have  such  valves,  but  some  of  our  southwestern  desert 
snakes,  such  as  the  shovel-nosed  snake  (Chiouaclis)  and  the  banded  burrowing 
snake  (Chilomcniscus),  have  them. 


Fi^.  7: 1.  Sidewinder  bedded  down  in  'i;in«l.  Tlie  sralc  marks  In  the  sand  show  that  ihc  snake 
used  ils  neck  to  ])idl  sand  over  its  outer  roils.  (Pliotograpli  of  ('..  r.  lalvxnrfinis  taken  by  Dr. 
Raymond  B.  Cowles,  near  I.a  Qiiinta,  Rixcrsitle  Comity,  (.ablornia.) 


The  rattlesnake's  sti iking  coil  is  so  characteristic,  and  the  intentions  of  the 
snake  so  evident,  that  it  attracted  the  attention  ol  tlie  early  natiualists  and  is 
mentioned  in  such  descriptions  as  those  of  Hernandez  (1  ()!.'),  fol.  192'^;  1628,  1651, 
p.  328),  Nieremberg  (1635,  p.  268),  and  Jonstonus  (1653,  p.  27).  Dudley  (1723, 
p.  293),  Kalm  (1752-53,  p.  51),  and  others  have  pointed  out  that,  as  a  ratllci 
cannot  strike  luiless  suitably  toilecl,  it  is  virtually  harudess  when  outstretched. 
This  is  hardly  true,  since  a  rattler  (an  bite  in  any  position,  and  besides  can  assume 
a  striking  (oil  with  great  rapidity,  .\maial  (1927,  p.  71)  staled  that  rattlers  usually 
coil  with  the  left  side  of  the  body  on  the  inside.  I  have  not  found  this  to  be  true 
cjf  either  the  resting  or  sti  iking  coil. 

From  the  staiuljjoim  of  defense,  the  rattler's  striking  coil  has  several  advantages 
over  any  other  postine:  I  he  S-wave  in  the  neck  (a  longer  wave  than  the  short 
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one  of  the  resting  roil)  permits  a  forward  lunge  of  the  head  without  any  lateral 
twisting  that  would  disturb  the  sight  or  aim;  the  elevated  position  of  the  head 
permits  a  good  view  of  the  enemy,  and  ilie  vci  tical  se(  tion  ol  tiie  body  allows  a 
(jui(  k  change  in  oi  ii-tiiation:  anil,  hnally,  the  wide  (  irck-  of  the  posterior  pai  t 
of  tile  body  not  only  provides  a  base  from  which  a  lancelike  drive  of  the  head 

may  be  launched,  but  likewise  permits  a  retreat  toward  any  available  refuge  while 
the  snake  still  faces  and  threatens  the  enemy.  A  retreating  snake  faces  backward, 
toward  the  enemy,  across  its  own  body,  so  that  the  length  of  the  strike  required 

to  reach  the  foe  is  usually  greater  than  in  a  snake  standing  its  ground. 

It  should  be  understood  that  the  striking  coil  of  the  rattlesnake  is  not  unique; 
main  other  snakes,  both  venomous  and  liarmless,  ado|)t  defensive  postures  that 
differ  Iroiii  that  oi  the  ralllesnakcs  in  oidy  unimportant  details. 

1  heic  is  a  widesjiread  iiivth  to  the  effec  t  that  ratllesnaki  s  in\ai  iably  (oil  clock- 
wise in  the  Northern  Hemisphere  and  counterclockwise  m  the  Southern.  There 
are  also  various  beliefs  as  to  the  consistency  with  which  the  rattler,  in  its  resting 
coil,  has  the  rattle  at  the  center  of  the  coil  or  the  periphery.  But  there  is  no, uni- 
formity in  the  position  taken. 

Thk  bi  kiKi: 

One  ol  the  best  of  the  early  desc rijjtions  of  the  strike  of  a  lattlesnake  was  that 
of  Gourley  (1H22.  p.  186),  who  observed  that  the  strike  was  onl\  a  forwaitl  limt;e  of 
the  elevated  head — a  straightening  out  of  the  neck,  the  posterior  part  of  the  body 
remaining  stationary. 

The  forward  lunge  of  a  rattlesnake  from  its  striking  coil,  if  it  be  thoroughly 
aroused,  is  delivered  suddenly  and  with  considerable  speed — so  fast,  indeed,  that 
the  motion  of  the  head  cannot  be  followed  with  the  eye.  The  withdrawal  is  slower 
and  the  motion  can  be  observed.  The  snake  does  not  threaten  or  start  a  strike 
with  ojx^n  mouth,  but  a  glimpse  of  the  open  mouth  can  usually  be  faintly  seen 
at  the  end  of  the  stroke  as  the  head  revejses  direction.  Since  the  invention  of  high- 
sjK'cd  motion  piciines,  it  has  been  jjossible  to  j)hot<)L;raph  the  rattler's  strike  so 
that  the  details  of  the  mouth  opening  and  the  advaneemem  of  (he  fangs  may  be 
seen  (Mili,  19 IG,  p.  ^T;  Van  Riper.  1950,  p.  128;  1953,  p.  100;  Van  Riper  et  al,  1952, 
p.  1).  Four  high  speed  photographs  of  a  rattlesnake's  strike  are  shown  in  figures 
12:1  to  12:4;  these  are  from  the  Van  Riper  series.  Further,  by  means  of  successive 
stroboscopic  exposures  taken  of  a  striking  rattlesnake,  with  a  timing  device  in 
the  background,  Van  Riper  (19'>1.  p  '~\^)  was  able  to  determine  the  speed  of  a 
rattlesnake's  strike  at  the  midpoint  of  tlie  sti  ike.  It  proved  to  be  not  nearly  so  fast 
as  popularly  supposed — far  from  the  "fastest  thing  in  nature"  as  has  been  stated. 
An  adidt  prairie  lattlcsnake  (C  r'.  viritli.s),  in  20  separate  tests,  struck  with  an 
average  speed  ol  8.12  Icei  pel  second  (2.18  iiieier^  per  .setuud).  l  lic  variuiioii  was 

from  5.2  to  11.6  feet  per  second  (1.6  to  3.5  meters  per  second).  There  was  some 
correlation  of  speed  with  temperature,  although  it  was  not  high  (r=0.36).  These 
speeds  are  slower  than  those  of  a  man  striking  with  his  fist.  Further  details  of  the 
nature  of  the  strike  were  supplied  by  Van  Riper  in  \9r)'->  (p.  809).  Recent  experi- 
ments by  Lester  and  Oliver  (Lester,  1955,  pp.  22,  110)  indicate  that  C.  atrox 
may  strike  faster  than  C.  v.  i'iridis.  That  temperatine  is  imi)ortant  is  indicated 
by  the  slowness  oi  the  strike  at  temperatures  near  the  lower  limit  of  rattlesnake 


Copyrighted  material 


482  Behavior 

activity  (see  p.  J?90).  Wood  (1933,  p.  85)  tells  of  a  prairie  rattler  that  struck  a 
throAvii  rock  in  midair.  However,  the  stories  of  how  rattlers  unerringly  strike 
bulkis  shot  at  them,  so  tliat  it  is  impossible  for  a  marksman  to  miss,  are,  o£  course, 
mythical  (see  p.  1262). 

The  rapidity  with  which  a  snake  will  repeat  a  strike  depends  on  conditions, 
and  particularly  the  continuance  of  the  threat  imposed.  If  the  enemy  does  not 
retreat,  a  rattler  may  strike  again  and  again  at  short  intervals.  Such  a  sequence 
was  noted  by  Bailey  (1876,  p.  404),  and  is,  indeed,  not  unusual.  However,  if  the 
threat  continues  or  the  rattler  misses  several  times,  it  may  become  cowed  (Gibbs, 
1892,  p.  48). 

A  laige  rattler  can  strike  with  considerable  force.  Stone  (1881,  p.  473)  iclls  of  a 
man  who  was  struck  in  a  rublier  boot  between  knee  and  hip;  the  blow  felt  like 
a  thrown  rock.  In  exjn  i  imciitiini;  with  fang  penetration,  I  have  caused  large  rat- 
tlers to  strike  objects  such  as  shoes  attached  to  a  stick.  The  blow  is  a  sharp  one, 
but  hardly  sufhcient  to  throw  a  person  off  balance  as  tlie  Usages  stated  to  Audubon 
(1827,  p.  26). 

The  height  at  whidi  a  rattler's  head  is  poised  for  a  strike,  depends,  of  course, 
on  the  size  of  the  snake.  A  4%-foot  western  diamond  will  strike  from  a  height  of 
about  8  to  10  inches  and  will  lunge  slightly  downward.  Puttees  or  other  adequate 
protection  below  the  knee  will  greatly  reduce  the  danger  in  hikes  throu^  snake 
country. 

Much  has  been  written  aboui  ilie  disiantc  to  which  a  rattlesnake  can  strike, 
which  is  also  obviouslv  dciKMuient  on  the  >i/c  of  the  snake.  This  is  a  mailer  of 
some  piaciical  inipoiiance  since  ii  defines  the  zone  of  danger.  .As  a  matter  of  hut, 
mucli  depends  on  circumstances,  such  as  the  position  of  the  snake,  the  species, 
and  the  degree  of  its  excitement.  There  is,  also  a  matter  of  definition  involved, 
for,  from  what  point  should  the  length  of  the  strike  be  measured — ^from  the  front, 
the  center,  or  the  back  of  the  anchor  coU  on  the  ground  frmn  whidi  the  snake 
lashes  out?  Only  in  e.xceptional  cases  is  it  possible  to  determine  the  limiting  point 
reached  by  the  snake's  head,  the  position  of  the  snake's  body  when  the  strike  was 
launched,  or  the  lengtli  of  the  snake  itself.  Thus  it  is  to  !)e  expected  that  the 
literature  should  coiuain  many  conflicting  statements  as  to  the  distance  a  rattler 
can  strike.  Hogg  (1928,  p.  53)  and  MacDouald  (1916,  p.  135)  give  the  maxiuuun 
striking  distance  at  Vis  of  the  snake's  length;  Kalm  (1752-53,  p.  54),  Carver  (1779, 
p.  484).  and  Weld  (1800.  p.  409)  at  Vi;  Audubon  (1827,  p.  26)  and  Notestein  (1905, 
p.  120)  at  %;  and,  finally,  Dudley  (1723,  p.  292),  Oldmixon  (1741,  vol.  1,  p.  188), 
Wesley  (1784,  vol.  2,  p.  37),  and  Vigne  (1832,  p.  90)  considered  that  a  snake  might 
strike  up  to  its  own  length. 

My  own  correspondents  present  somewhat  the  same  ranges  of  observation: 

When  disturbed  a  rattler  will  flatten  when  coiled,  rattle,  then  strike,  I  would  say  half  its 
length.  Some  say  a  rattler  will  strike  its  full  length,  but  not  so  here.  Gtataue  W.  Koskh  V.  S 
Fish  and  Wildlife  Service^  Windham,  Mont. 

o 

A  3-Ioot  snake  will  strike  sometimes  a  little  l>cttcr  llian  a  foot  and  a  half.  Jut^e  M'.  S.  Owens, 
Cody,  Wyo. 

o 

I  have  never  seen  a  rattlesnake  suike  over  half  of  its  length.  Albert  Madariela,  Oakley,  Idaho. 
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A  rattler  can  strike  an  object  approximately  at  a  ciistancc  of  two  tliinis  of  its  length;  thus 
one  is  safe  when  standing  a  yard  away  from  a  3-ioot  snake.  A.  C.  Mackie,  Vernon,  B.  C. 

•O" 

As  a  matter  of  penonal  observation,  I  have  seen  a  snake  jump  its  full  length  in  a  strike 
H.  P.  Struble,  U.  S.  Forest  Service,  Sonora,  Calif. 

From  my  own  experience  I  should  say  that  a  rattler  \vill  larely  strike  more  than 
half  its  length,  measured  from  the  front  of  the  anchor  coil,  and  almost  never 
beyond  %  of  that  length.  However,  I  should  not  like  anyone  to  take  this  as  a 
guarantee  of  safety,  if  only  for  the  reason  that  one  cannot  accurately  judge  the 
length  of  a  coiled  snake. 

One  condition  that  affects  the  length  of  the  strike  is  the  nature  of  the  ground. 
Bailey  (1876,  p.  404)  believed  a  snake  could  strike  Vl-  its  length  on  the  level,  but 
3  times  its  length  downhill.  K.,  A.  (1905,  p.  354)  claimed  to  have  noted  strikes 
exceeding  the  snake's  length  with  a  favorable  tail  brace  and  a  downhill  slope. 
Stickcl  (I931-,  p.  12)  believes  that  a  rattler  might  strike  for  its  full  length  if  the 
tail  were  braced  against  something  solid.  Finney  (1931,  p.  9}  says  that  a  rattler 
can  strike  hard  enough  to  slide  the  body  forward  somewhat;  this  o>uld  well  be 
possible  on  a  smooth  surfo^  and  with  a  back-stop  to  brace  against  during  the 
forward  lunge.  Dr.  R.  B.  Cowles  told  me  that  he  was  always  skeptical  of  stories 
of  rattlesnakes  leaving  the  ground  in  the  course  of  a  strike,  until  he  saw  this 
done  two  or  three  times  by  an  angry  soutliwestem  speckled  rattler  (C  m.  pyrrhus). 
The  snake  was  on  pavement  and  struck  for  more  than  its  full  length.  Beck  (1952, 
p.  M5)  reports,  as  an  item  of  Virginia  folklore,  a  belief  that  rattlers  can  leap 
through  the  air.  l  ealc  (1915,  p.  124)  was  told  that  rattlers  can  strike  twice  as  tar 
backward  as  forward. 

Some  particular  cases  of  Icuig  strikes  are  the  following;  Allen  Kelly  (1909a,  p. 
51)  reports: 

Dr.  John  Day  and  myself  ascertained  by  actual  trial  18  years  ago  that  under  some  circum- 
sunces  a  rattler  can  strike  the  full  distance  of  his  own  length  and  a  little  more.  Dr.  Day 

carefuliv  ol)Scrvc<l  the  exact  position  of  a  small  rattler's  tail  while  I  provoked  the  snake  to 
strike  my  boot.  With  iu  tail  against  a  clod  and  with  a  downhill  line  of  attack,  the  snake, 
when  aroused  to  almost  frantic  ttelligcrency,  struck  my  boot  at  a  disttnee  from  the  tail-site 
of  two  inches  more  than  its  total  length  as  measured  carefully  by  both  of  us. 

Another  rattler,  a  big,  fat  fellou-,  once  struck  at  me  from  a  bank  on  a  trail  in  Calaveras, 
and  although  I  was  considerably  further  from  his  tail-hold  than  his  total  lengtli,  he  man- 
aged to  project  himself  off  the  bank,  hit  the  brim  of  my  hat  and  foil  upon  the  trail. 

Dixon  (1926,  p.  274)  tells  of  a  northern  Pacific  rattler  that  struck  at  his  shadow, 
reaching  out  for  nearly  its  entire  length.  Only  about  4  inches  o£  the  snake's  body 
reinaiiu  d  in  contact  with  the  ground. 

Anon.  (I93Uu,  p.  3)  tells  of  a  western  diumond  (C.  atrox)  at  the  St.  Louis  Zoo 

that  made  a  lunge  from  a  ledge  of  rock  as  the  keeper  was  raking  near  him.  The 
snake's  strike  was  found  to  measure  5  feet,  the  length  of  the  snake  itself  being 
6  feet  4  inches. 

Although  rattlers  in  their  striking  coils  usually  strike  on  the  horizontal  <Hr  slightly 
downward,  if  the  tai^t  be  a  large  one,  so  that  they  need  not  aim  at  a  particular 
spot,  they  can  strike  directly  upward,  or  at  any  angle  between.  A  vertical  strike 
rarely  exceeds  a  foot  or  foot  and  a  half,  even  though  the  snake  be  a  large  one. 
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However,  ^\'atL  aiul  Pollard  j).  .'UuS)  tlcscribe  the  slrike  of  a  six-foot  (ichnnan- 

U'us  that  lunged  upward  at  a  Ij-degrcc  angle  and  bit  a  man  in  the  leg  22  inches 
above  the  ground,  unfortunately  above  the  top  of  the  victim's  snake-proof  boots. 
Some  collectors  have  believed  that  it  is  safe  to  seize  a  rattler  by  the  neck  from 
directly  above  because  it  was  thought  that  a  rattler  could  neither  see  nor  strike 
directly  upward.  There  is  no  truth  in  this  supposition.  The  nature  of  the  striking 
coU  permits  a  snake  to  ( han^e  quickly  the  direction  of  the  strike  to  either  side, 
upward,  or  even  bac  k;vard,  should  the  enemy  (  hange  his  attacking  position.  Van 
Riper  (1955.  p.  311)  has  shown  a  stioboscopic  photograph  of  a  rattler  striking 
straight  upwaid. 

There  are  some  species  dillerences  in  the  ratilesnake's  striknii;  postme.  Particu- 
larly, the  Neotropical  rattlesnake  (C.  durissus)  is  noted  for  its  peculiar  pose,  in 
that  the  part  of  the  body  above  the  ground  is  held  in  an  almost  vertical  column, 
with  only  a  small  crook  at  the  neck  (fig.  7:5).  It  is  to  be  presumed  from  this  posi- 
tion that  these  rattlers  are  likely  to  strike  somewhat  higher  than  do  those  inhabiting 
the  United  States. 

The  sidewinder  lias  tlie  reputation  for  making  sidewise  strikes  witliout  coiling 
(Mosauer,  1935c.  p.  33;  Atnrricati  (Uiidc  Scries,  Nevada,  1910.  p.  20:  Blackford, 
19H>.  |).  10;  Merrick.  1953.  p.  23).  It  is  ii  ui-  ihai  the  sidewindini;  method  of  progres- 
sion iatiliiatcs  rapid  motion  while  the  snake  has  the  anterior  part  of  the  body 
raised  for  striking.  Mosauer  (1935c,  p.  33)  says  the  strike  is  often  unexpected  and 
is  a  sort  of  snap.  He  saw  one  strike  so  hard  that  the  entire  body  seemed  to  leave 
the  ground  for  an  instant. 

This  brings  up  a  point  that  has  been  a  frequent  son  r  e  of  controversy  in  the 
sporting  and  nature  magazines — namely,  whether  a  rattlesnake  can  strike  without 
coiling.  \s  is  so  often  the  ease,  the  arginncnt  really  stems  hotn  a  misundei  standing 
or  conlusion  ol  u  iins.  Some  persons  seem  to  consider  tiie  terms  '  l^ile  '  ami  ■sliike" 
synonymous,  which  they  are  not.  A  snake,  to  bite,  needs  only  to  open  its  mouth 
and  imbed  its  fangs  in  any  object  within  reach.  The  muscular  power  of  the  jaws 
is  quite  sufficient  to  drive  the  fangs  into  tissue  without  the  momentum  of  a  strike, 
as  many  a  man  has  learned  to  his  cost  when  holding  a  rattlesnake  behind  the 
head  so  cueU  ssly  as  to  permit  the  snake  to  free  an  inch  oi  so  of  neck  and  thus 
turn  its  head  and  reach  its  captor's  hand.  No  strike  is  here  involved,  if,  i)y  strike, 
W'C  mean  a  ff)rward  luii^e  of  the  head  permitting  a  snake  to  reach  an  object  that 
would  otherwise  be  IxaoiuI  its  laiii^e.  It  is  true  that  the  momentinn  of  a  ^tiiki 
does  aitl  in  imbedding  the  fangs,  whiih  point  almost  diiectly  foiward  as  the  head 
reaches  the  end  of  the  stroke,  but  the  slrike  is  not  an  essential  part  of  a  bite. 

Another  source  of  dispute  lies  in  a  misunderstanding  of  the  nature  of  the  snake's 
coil.  To  many  the  word  implies  a  flat,  tight,  pancake-like  spiral — that  is,  the  rest- 
ing coil.  Seeing  a  snake  strike  from  other  than  this  type  of  coil — ^and  it  would 
be  impossible  to  strike  more  than  a  few  inches  from  one — ^the  obser\c'i  says  that 
the  snake  struck  without  coiling.  But  in  almost  every  instance  the  snake  has  indeed 
struck  from  its  tyjjical  striking  coil — the  open  andioi  loop,  elexated  forebody, 
and  S-shaped  crook  in  the  neck  allhough  this  may  seem  to  the  observer  to  be 
too  loose  or  open  a  formation  to  deserve  the  term  "coil"  at  all. 

But,  aside  from  these  arguments  that  flow  from  a  lack  of  agreement  upon  defini- 
tions, it  is  true  that  rattlesnakes  sometimes  strike  without  the  formality  of  coiling, 
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Fig.  7:5.  CciUial  Aincricaii  ratllcsnakc  (C.  d.  durissus)  in  ihrcatcning  pose.  (Photograph  by 
Dr.  C  I'icado  T.;  used  through  the  coiirlcsy  of  the  R.  I..  Diinmrs  estate.) 


or  possibly  it  siioulcl  be  snid  that  tliey  pass  in  a  single  violent  movement  from  a 
stretchetl-oiit  position,  through  the  striking  posture,  into  the  strike  itself.  For 
example: 

June  30lh  of  this  year,  I  stepped  on  a  rattlesnake  and  he  struck  my  heel  where  I  hit  him. 
.\nother  time  I  saw  one  lying  stretched  out  in  the  road.  I  tried  to  stamp  on  his  head,  but 
he  struck  the  side  of  my  foot;  he  was  that  much  quicker  than  I  was.  I'aitl  D,  Wilcox,  State 
Fish  Waxit'ti,  ]Vyaiu.siug,  Pa. 
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Anions;  tlu  publislud  ;i(  ((ninls  hcai  inji;  on  tliis  point  ;irc  those  ot  Banks  (  IHlMx 
p.  I  ll),  wlio  caused  a  horse  to  step  over  an  outstreitiicd  lattlcr  and  later  found 
that  the  horse  had  been  bitten  in  the  off  hind  fetlock.  K.,  A.  (1905,  p.  354)  claimed 
to  have  seen  rattlers  strike  without  coiling.  McGuire  (1930,  p.  93)  saw  an  out> 
stretched  rattler  swing  half  its  body  around  in  a  sweeping  circle  to  strike  without 
coiling. 

From  these  accounts  we  pass  to  those  that  are  to  be  considered  quite  beyond 
the  realm  of  possibility.  Martin  (1851.  j).  198)  says  a  rattler  jumps  as  a  coiled 
spring  woukl  when  tompressed  and  leleased.  Wilhelm  (187.'\  p.  :ir)3)  tells  ol  a 
guide  who  aimed  a  sword  cut  at  a  (»  loot  rattler.  The  sw{)rd  missed  and  the  rattler 
jumped  over  the  man's  arm  and  lit  8  leet  beyond.  Lllzey  (^1893,  p.  25)  claims  a 
diamondback  is  so  active  that  it  could  strike  between  the  eyes  of  a  man  standing 
erect.  Gibson  (1940,  p.  25)  has  seen  rattlers  launch  themselves  through  the  air  and 
strike  a  foot  beyond  their  lengths.  All  of  these  are  capped  by  Meek  (1946),  who 
tells  of  the  diamondback  that  struck  double  its  length  by  diving  across  its  own 
tail  (p.  158);"  the  rattler  that  struck  past  a  man  10  feet  away,  just  missing  him; 
another  that  struck  and  readied  the  knee  of  a  man  on  horseback;  another  tliat 
just  missed  a  horse's  iiost'.  to  ilo  whic  h  he  leaped  at  least  S  Itct  dear  ot  the  ground; 
and  linally  the  account  ot  the  snake  luiccncrcd  in  a  hole  that  jumped  3  feet  straight 
up  out  of  the  ground  (p.  160). 

The  object  of  the  strike  is,  of  course,  to  bite — to  inject  venom  into— the  object 
of  the  snake's  displeasure  or  appetite.  This  bite  and  its  results  are  discussed  in 
chapter  12. 

CLIMBING  PROCLIVITIES 

Whether  rattlesnakes  climb  trees  is  a  question  often  api)earing  in  the  cpuries 
columns  of  the  sports  and  nature  magazines.  From  the  observations  of  many  field 
men  it  is  now  known  that  they  do  so  occasionally,  but  they  arc  not  as  adept 
climbers  as  many  other  noiniallv  ground-inhabiting  forms  such  as  the  rat  snakes 
{El(ipltc),  the  king  snakes  (Lawpropcltis),  the  gopher  or  bull  snakes  (Fituofihis), 
or  the  racers  and  whip  snakes  (Coluber  and  Masiicophis),  all  of  which  frequently 
climb  trees  in  search  of  birds  and  their  nests.  The  rattler  is  handic  apped  in  climb- 
ing by  its  relatively  stout  body  and  short  tail;  it  cannot  climb  with  the  facility 
of  the  more  slender-bodied  snakes.  Many  true  tree  snakes  are  notably  attenuated. 
Oxybelis  z.r\d  hnanlodcs,  for  example,  although  others,  such  as  the  boa  constrictor, 
are  quite  thick  bodied.  Some  climbers  have  the  advantage  of  prehensile  tails  or 
other  modifications  that  adapt  them  for  climbing. 

In  tlie  /oo,  rattlers  occasionally  climb  the  small  slnuhs  in  tluir  cages,  but  do 
not  remain  there  at  rest  for  long  periods  as  do  many  of  the  other  snakes.  Possibly 
they  may  climb  to  find  some  avenue  of  escape.  At  any  rate,  it  is  presumed  that 
in  the  wild  they  usually  climb  in  search  of  food,  rather  than  to  seek  places  of  refuge. 

It  may  be  thought  that  some  spedes  of  rattlers  are  more  likely  to  climb  than 
others,  and  this  may  be  true,  the  timbc  r  and  black-tailed  rattlesnakes  being  among 
the  more  persistent  climbers.  Yet  tlie  following  observations,  segregated  by  species, 

**A  Ktreating  rattler  may  strike  across  its  own  tail,  but  not  twice  its  full  length. 
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show  how  widely  prevalent  the  custom  is,  for  nearly  every  spedes  common  enough 
to  be  under  frequent  observation  has  been  observed  upon  some  occasion  up  in  a 
tree  or  bush. 

Eastern  Diamond  Rattlesnake  (C.  adamanteus) 

On  March  16,  1911,  I  was  walking  through  a  thick  piece  of  woodland  on  Prospect  Hill.  1 
observed  an  unusually  lari^c  (liamoiulf)ack  rattlesnake  iC.rolaUn  adamanteua)  coiled  in  a  wax 
myrtle  tree  between  10  and  12  feet  from  the  ground,  immediately  under  a  large  wood-rat 
nest.  I  presumed  the  snake  was  in  the  tree  fur  the  purpose  of  getting  a  meal  o£  the  rats. 
B.  A.  Mcllhenny,  Avery  Island,  La. 

As  to  published  adatniitileus  rccoids,  Lovejoy  (1881,  p.  347)  states  that  he  found 
one  of  this  species  up  in  a  large  water  oak  with  water  all  around  the  base  of  the 
tree;  the  snake  was  about  30  feet  above  the  water,  stretched  along  a  limb  some 
10  feet  out  from  the  trunk.  It  was  a  laige  snake  about  6  feet  long.  The  tree  was 
leaning  at  an  angle  of  15  degrees.  Another  was  seen  in  the  top  of  a  fallen  tree 
on  a  limb  about  10  feet  above  ground. 

Ruilcdge  (1986,  p.  138)  reports  a  diamondback  15  feet  up  in  a  tree.  No  bird's 
nest  that  it  might  be  seeking  was  to  be  seen.  But  on  another  occasion  he  foiiiKi  a 
diamondback  in  a  woodpecker's  nest  in  a  tree;  the  snake  had  eaten  a  woodpecker 
and  several  eggs. 

Western  Diamond  Rattlesnake  (C.  atrox) 

On  March  15,  1914.  about  22  miles  southwest  of  ralfuiiias.  Brwks  County,  Texas,  I  found 
a  rattksnakc  stretched  out  alnti^;  a  inesquite  linili  al)out  3  feet  aho\e  the  groutjd.  Upon  my 
approach,  the  snake  crawled  across  to  another  branch,  but  made  no  attempt  to  descend 
until  I  struck  it  with  a  stick.  I  saw  no  evidence  of  any  prey  in  the  bush,  and  no  other 
reason  for  tlie  snake's  presence  there.  W.  C.  Glaxener,  Wildlife  Biologist,  Falfurrias,  Tex. 

-c- 

I  have  never  seen  a  rattler  in  a  tree,  l)iu  I  diti  find  a  very  small  one.  restin?^  on  fop  of  a 
weed  stalk  about  a  fool  high.  It  was  sprawled  about  on  the  top  of  the  weed.  A,  J.  Kirn, 
Somerset,  Tex. 

O.  I).  Helton,  of  Mohawk,  .Arizona,  told  me  of  finding  a  western  diamond 
stretched  on  a  hmb  several  feet  up  in  a  mosquite.  Uobic  (1945)  reports  rattlers 
of  this  sf>ecies  seen  3  or  4  feet  up  in  prickly  pear  cactus. 

Sidewinder  (C.  cerastes) 

On  Mav  15,  191'),  I  enrountcred  a  sidewinder  in  Red  Rock  Canvon,  at  the  south  end  of  the 
C:harIeston  Mountains,  alMJut  20  miles  west  of  Las  Vegas.  .Nevada.  As  I  desired  to  .secure  a 
Kodachrome  picture  of  him,  I  poked  the  snake  out  of  a  small  hole  and  he  immediately 
crawled  into  a  small  bush  about  a  foot  or  so  in  height.  He  remained  there  for  some  few 

minutes  and  then  crawled  into  an  adjacent  bush  a  little  higher,  and  from  there  to  the 
ground.  Gordon  C.  Baldwin,  Jlouldt  r  Oam  \aiiaiial  lictreational  Area,  Boulder  City,  S<ev, 

Dannaldson  (1938,  p.  7)  found  a  sidewinder  up  in  a  mesquite. 

Lower  Califortiin  Rattlesnake  (C.  c.  enyo) 

When  setting  my  hue  of  mouse  traps  near  Catavifia,  Haja  California,  I  ran  onto  a  small 
rattlesnake  up  in  a  Franseria  bush,  perhaps  30  inches  above  the  ground.  I  collected  the 
snake  which  was  later  identilied  as  Crotalus  enyo.  L,  M.  Huey,  San  Diego  Society  of  Natural 
History,  San  Diego,  Calif. 
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Timber  and  C.onrhrdkc  Rattlesnakes  ((>.  Iioii  iclu^) 

On  March  29,  1S91, 1  was  irying  to  shoot  a  couple  of  crows  that  had  a  nest  in  a  large  doul)lc- 
stemmed  water  oak.  The  trunk  was  single  up  to  about  10  feet  alxtve  the  ground.  When  1 
gix  n«ar  the  base  of  the  tree,  I  noticed  that  the  crotch  was  broad,  and  upon  looking  more 

cIosi-!y  saw.  toiled  in  the  ctotch  where  the  two  steins  met,  a  fnll-<;rnwii  tanchrakc  rattle- 
snake (Crolalus  horridus  atricaudatus).  This  snake  was  coiled  in  a  natural  manner,  and  was 
evidently  resting.  E.  A.  Mcllhenny,  Avery  Island,  La. 

<- 

Just  last  month,  while  marking  liinber  at  an  elevation  of  4300  feet,  I  cncoiiiuered  for  the 
first  time  a  (liml)int;  rattlcMiakc.  It  was  roiled  in  the  hushes  approximatclv  feel  above 
ihc  ground  in  biatkberry  briers.  C.  li.  Cart;  U.  S.  Forest  Service,  Jiiclnvood,  IV.  l  a. 

•o 

In  the  Cabin  Creek  Mountains  of  West  Virginia,  I  have  seen  many  timber  rattlers.  The 
only  one  off  the  rrrdund  was  in  the  top  of  a  fallen  chestnut  oak,  about  fi  or  "  feci  fiom  the 
ground.  A  wood  thrush  nearby  was  complaining.  Upon  my  approach,  the  snake  slid  to  the 
ground  and  disappeared  in  the  dead  top.  Jotiah  Keety,  Huntington,  N.  Y. 

•o- 

In  the  two  rases  that  I  rerall  seeing  rattlers  Up  on  the  Iiinl)s  of  trees,  they,  so  far  as  I  know, 
were  not  after  birds  or  birds'  eggs,  but  merely  sunning  themselves.  However,  the  studies 
that  were  made  on  this  forest  a  few  years  ago  indicate  that  the  diet  of  rattlesnakes  is  made 
up  of  about  12  per  cent  birds  and  eggs,  which  would  suggest  that  they  would  climb  up  to 
get  this  food.  Abner  Casey,  V.  S,  Forest  Servieet  Bridgewater,  Va, 

One  evening,  at  twilight  in  October,  I  obser\ed  a  raultsnake  lying  on  a  bush  about  '>  tcet 
oS  the  ground.  I  imagine  it  was  after  birds.  There  was  nothing  in  its  stomach.  TF.  W. 
Britton,  Chambersburg,  Pa. 

I  witnessed  a  unique  escape  of  a  rattler  (C.  h.  horridus)  when  disturbed  at  a  den.  Two 
rattlers  were  coiled  on  a  stiinip  about  a  foot  IiIl^Ii.  When  I  noosed  one,  tlic  otlu-r,  instead 
of  taking  refuge  in  the  jumble  of  rocks  round  about,  chose  to  climb  rather  heavily  upward 
via  a  unglc  of  grccnbriar  vines  into  a  birch  tree  that  was  laced  with  tiic  vines.  The  snake 
disappeared  in  thid(  foliage  about  10  feet  above  the  ground.  Stephen  H.  Harwig,  Fitts- 
burgh.  Pa. 

Among  the  published  reports  of  the  tree-climbing  proclivities  of  this  snake 
are  those  of  Abbott  (1873,  p.  4S5),  who  found  one  roosting  in  the  branches  of  a 

slanting  oak  tree;  Palmer  (1887,  p.  31')),  who  came  upon  one  in  a  tree  while  coon 
luiiitin,<;:  Linsdalf  (1927,  ]).  SO),  who  sliot  two  nut  of  trees  nt  heii>hts  ol  15  and 
G  feet  above  iiroiiiul;  MacOiianie  (1911.  j>.  H.'li.  who  was  told  \)\  the  well-known 
collector,  Elinei  Ki  iK  l,  that  this  s|je(  ies  is  oc  ( asioiiallv  ioiind  in  trees  in  A\'is- 
consin;  and  .\ndei.son  (1951,  p.  6),  who  reported  one  1  leei  above  ground  in 
blackberry  bushes. 

Of  these  reports  on  the  climbing  pi oclivities  of  C.  horridus,  those  by  Mcllhenny 
and  Spiller  refer  to  the  subspecies  C.  h.  atricaudatus,  the  canebrake  rattler;  the 
others  refer  to  C.  h.  horridus,  the  timber  rattlesnake,  or  arc  indeterminate. 

Speckled  Rattlesnake  (C.  mitchelli) 

The  only  rattler  I  ever  saw  in  a  bush  was  a  speckled  rattler  (C.  m.  pyrrhiis)  that  diralied  up 
about  3  feet  when  I  frightened  it.  Frank  F.  Gander,  Eseondido,  Calif. 

Winfield  H.  Line,  of  Palm  S])rings,  told  me  of  having  seen  a  rattlesnake  of 
this  subspecies — a  colored  photograph  left  no  doubt  as  to  its  identity — in  wild 
grapevines  about  18  inches  above  a  stream  bed. 
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Bendire  (1881,  p.  207)  records  having  found  a  rattler  near  Owens  Lake,  2% 
feet  up  in  a  bush.  Tliis  was  probably  a  Panamint  rattlesnake  (C.  m.  siepkemi),  a 
subspecies  of  the  speckled  rattler. 

Black-Tailed  Rattlesnake  (C.  molossus) 

A  SO-indi  northern  bUcfc-taikd  rattlesnake  was  taken  in  a  hadiberry  tree  akng  the  visittHT 

trail  in  the  creek  bottom,  here  at  the  Monument.  The  snake  was  aliout  7  feet  from  the 
ground  and  handled  itself  quite  well  as  it  moved  from  branch  to  branch.  It  was  difficult 
to  see  because  it  Mended  so  well  with  the  foliage.  A  visitor  was  walidng  along  the  trail  and 
discovered  it  when  it  rattled  as  he  was  passing.  Although  I  could  find  no  squirrel  or  bird's 

nest  in  the  tree,  I  suppose  it  was  looking  for  food.  Homer  F.  Hastivg;^,  Camp  Verde,  Ariz. 
{Quoted  from  observations  recorded  by  Ranger  Robert  S.  Leding,  Montezuma  Castle  Na- 
tional  Monument.) 

o 

The  only  rattler  I  ever  saw  in  a  tree  was  a  blatktail.  It  was  in  an  advantaf^eous  position  for 
capturing  the  lizards  that  were  constantly  running  up  and  down  the  trunk.  Paul  V,  WooUey, 
Jr.,  University  of  Kansas,  Lawrence,  Kans, 

o 

A  rattlarakie  ^ter  Identified  as  a  blacktail)  was  shot  in  a  cedar  tree  at  my  Cedar  Oaks 
summer  home.  The  snake  was  coiled  amid  the  branches  about  9  feet  al>o\c  the  ground. 
The  tree  trunk  was  free  of  branches  5  feet  from  the  ground.  Peter  P.  Huejgin. 

The  account  of  this  incident  was  sent  mc  by  Col.  M.  L.  Crimmins,  of  San  Antonio, 
who  states  further  that  captive  snakes  of  tliis  species  frequent  the  limbs  of  bushes 
placed  in  their  cage.  In  another  report  from  Col.  Crimmins,  he  mentioned  a  mo- 
lossits,  also  nine  feet  above  ground,  but  this  lime  in  a  mes(juite  tree, 

Allen  (1933,  p.  15)  reported  two  bhicktails  found  in  bushes  about  six  feet  above 
ground. 

Red  Diamond  Rattlesnake  (C.  r.  ruber) 

One  night  at  about  10:30  I  v\as  rctuiiiini^'  with  a  companion  to  my  home  in  .Suncrcst,  San 
Diego  County.  Ihe  trail  ran  ihrouglt  a  patch  of  buckwheat  {Eriogonum),  While  walking 
through  this  patch,  we  heard  a  slig^it  scraping  or  clicking  sound,  mudt  as  though  a  rattle- 
snake's rattle  was  being  dragged  over  the  brush.  Fortunately,  wc  had  a  flashlight  which  we 
turned  in  the  direction  of  the  sound,  and  there,  stretched  tln  inigh  the  tops  of  the  buckwheat 
bushes,  about  2 's  or  3  feet  oil  the  ground,  was  a  red  diamuud  rattler  (C.  r.  ruber),  30  inches 
long.  Just  what  he  was  doing  up  there,  I  don't  know.  There  was  no  bird's  nest  in  his  Im* 
mediate  vicinity  that  we  could  sec,  nor  any  pack-rat  (Neotoma)  nests,  eitha*.  Ckarles  E. 
Shaw,  San  Diego  Zoo,  San  Diego,  Calif, 

Though  the  red  diamond  rattler  is  generally  found  on  the  ground,  I  have  on  occasions 

found  tlu'iii  in  trees  or  brush.  For  instance*  a  year  ago  I  found  a  small  female  lying  stretched 
out  full-lcngih,  at  least  six  feet  above  ground  on  the  limb  of  a  sumac  Inisii.  ,\nother  time 
I  found  a  female  under  similar  conditions  in  a  tree,  while  on  the  ground  beneath  lay  a 
large  male,  mitstretched.  Then  several  timet  I  have  found  both  sexes  on  the  top  brandies 
of  cactus  five  feet  high,  some  coiled  and  some  stretched  out.  Louis  P.  Faldborg,  Chvla  Vista, 
Calif. 

I  myself  found  a  red  diamond  rattler  in  a  bush  about  18  inches  abo\(  the 

ground.  I  liad  stopped  by  the  roadside  to  follow  a  crossing  track  and  located  the 
snake  about  20  feet  off  the  highway.  It  tried  to  escape  by  crawling  through  the 
bushes,  still  at  a  height  of  about  a  foot  or  so  above  ground.  On  another  occasion 
I  found  a  snake  of  tliis  species  off  the  ground  in  prickly  pear  cactus. 
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Tiger  Rattlesnake  (C.  tigris). — R.  R.  Humphrey,  of  the  Desert  Laboratory  at 
Tucson,  told  me  of  finding  two  tiger  rattlesnakes  at  about  7  p.m.,  in  Sabino 
Canyon;  one  was  in  a  bush  about  2  feet  above  ground,  the  other  under  a  rock. 

Western  Rattlesnake  (C.  viridis). — ^Because  of  the  extensive  observations  available 
on  the  western  rattlesnake,  the  subspecies  are  treated  separately. 

Prairie  Rattlesnake  (C.  v.  viridis) 

Some  people  say  a  rattler  will  not  climb  trees;  however,  a  number  of  years  ago  my  wife 
and  some  of  our  friends  were  having  a  picnic  on  the  bank  of  Rattlesnake  Creek,  twelve 
miles  firom  Cody.  WhOe  eating  our  lundi  in  the  ihade  of  a  large  cottonwood  tree,  one 
of  the  pariv  in  Inokinp  up  discovered  a  large  prairie  rattlesnake  dangling  from  a  hole 
in  the  trunk  of  the  tree  at  least  25  feet  above  ground.  I  should  say  that  this  hole  was  made 
by  a  woodpecker  and  it  may  have  had  young  birds  in  it.  The  tree  had  a  slight  lean  to  it 
but  even  lo  it  looked  impostible  for  the  snake  to  dimb.  Judge  W.  S.  Owens,  Cody,  Wyo, 

I  law  a  rattler  dimb  a  tree  once,  but  the  tree  was  at  a  slope  of  some  25  or  SO  degrees. 
WUUam  Lakmen,  Game  Warden,  Ramdins,  Wyo, 

Coronado  Island  Rattlesnake  (C.  v.  caliginis). — Nelson  K.  Carpenter  found  a 
rattler  of  this  subspecies  on  South  Coronado  Island  (the  only  place  where  it 
occun)  coiled  on  the  top  of  a  thick  bush  about  3  feet  off  the  ground. 

Midget  Faded  Rattlesnake  (C.  v.  decolor) 

B.  W.  Allred  of  our  Service  informed  me  that  on  a  rool  Ociober  tlay  at  Moah.  Utah,  he 
found  a  rattlesnake  stretched  along  the  limb  of  a  peach  tree  about  3  or  4  feet  from  the 
ground.  He  thought  it  was  probably  sunning  itadt  Philip  F.  Allan,  SoU  Contervatim 
Service,  Fort  Worth,  Tex. 

I  used  to  live  on  the  Crecn  River  in  Utah  and  I  remember  on  one  nctasinn  seeing  a  rattle- 
snake up  in  a  squaw  bush  about  6  feet  from  the  ground.  What  it  was  doing  there.  I  could 
not  say,  but  I  suppose  it  was  hunting  for  a  bird's  nest.  Leonetd  Slaugh,  Game  Warden, 
Modi,  Co/o. 

Southern  Faeific  Rattlesnake  (C.  v.  helleri). — Mr>.  (.riffiiig  Bancroft,  on  .Septem- 
ber 30,  1945,  found  a  young  helleri  about  20  incites  above  ground  on  tlie  bole  o£ 
a  large  buttressed  post  oak  at  Witch  Creek,  San  Diego  County,  California. 

According  to  a  newspaper  report,  a  rattlesnake  of  this  subspecies  about  9% 
feet  long  was  found  ensconced  in  the  crotch  of  an  oak  tree,  14  feet  above  ground. 
This  was  in  Laurel  Canyon,  north  of  Hollywood,  Los  Angeles  County,  California, 
August  7,  1946. 

Greol  Basin  Rattlesnake  (C.  v.  luiosus).i — ^Linsdale  (1940,  p.  252)  reported  finding 
a  rattler  of  this  subspecies  in  a  bush  2  feet  above  ground. 

I  found  a  rattlesnake  up  in  a  cedar  tree,  about  7  feet  off  the  ground.  It  was  after  a  robin's 
nest  that  had  young  birds  in  it.  OUie  Cox,  U.  S.  Fish  and  Wildlife  Sermee,  Eureka,  Nev. 

Northern  Pacific  Rattlesnake  (C.  v.  oreganus) 

Rattlers  will  climi)  up  in  l)lackberry  bushes  and  grape  vine<i,  apple  trees  and  all  kinds  of 
bushes,  to  hide  and  wait  for  birds.  Marion  E.  Rose,  Paleros,  Wash. 
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I  have  seen  onlv  onr  rattler  in  n  tree.  It  was  in  a  wootlperkcr  hole  .iiid  had  eievoiired  six 
little  ones.  I  was  attracted  by  the  old  one  fussing  at  the  snake.  Lawrence  Kelly,  Harder, 
Oreg, 

•o 

One  (tf  our  science  teaclicis,  who  has  lived  in  the  northern  end  of  Biitie  Countv.  dh  occa- 
sion has  observed  ratile«;n;ikcs  up  in  the  slinibhotv,  sotnelimes  as  high  as  3  fcit.  In  fact, 
she  said  she  had  had  liicin  Ike  from  her  up  into  the  bushes.  Esther  L,  Gutlirie,  Supervisor 
of  Science,  City  Schools,  Sacramento,  Calif. 

Dr.  William  F.  Bade  told  mc  of  watching  a  Pacific  rattlesnake  in  the  Sierra 
climb  a  small  aspen  tree  some  3  or  4  inches  in  diameter,  and  then  saw  it  stretch 
out  on  a  branch  some  15  feet  above  ground. 

Bendire  (1881»  p.  207)  reports  having  seen  Pacific  rattlesnakes  in  willows  as 
high  as  5  feet  above  ground. 

Western  Pigmy  Raillcsnake  (S.  ni.  strockcri) 

1  have  observed  the  pigmy  rattler  on  a  limb  of  a  blackjack  tree  alxiut  26  feet  from  the 
ground.  Haroid  C.  Nygren,  V.  S.  Forest  Service,  Winona,  Mo. 

Misrellaneous  Accounts  of  Tree-Clirnbitig  Rattlesnakes. — Some  jniblislucl  accounts 
ol  tree  c  limbint;  hv  l  atilesnakes  wliei  cin  the  sjjet  ies  cannot  be  determined  with 
certaiiitv.  inchule  Sass  (1935,  p.  250),  Tixier  (1940.  p.  77),  Benton  (1945,  p.  80).  and 
Manu  (1947,  p.  53). 

Several  reports  of  tree-dimbing  rattlesnakes  received  from  my  correspondents 
also  concern  indeterminate  species: 

On  another  occasion  I  found  a  small  grey  rattler  in  the  forks  ot  a  small  oak  tree.  This  was 
in  the  mountains  of  this  state,  at  an  devalion  of  around  6,000  feet.  Riley  Millegan,  Siluer 
City,N.Mex. 

o 

With  Deputy  (lanie  Warden  (ieoij^c  W.  Peterson,  1  was  searching  for  whitc-wingcd  dove 
nests  in  the  oak-grown  canyons  opening  into  Sonoita  Creek  west  of  Patagonia,  Arizona. 
Walking  under  each  oak  tree  looking  upward  for  nests.  I  discovered  a  colled  snake,  on  the 
side  of  a  large  branch,  where  several  twigs  made  a  flat,  shelf-like  arrangement.  Using  the 
sectioned  minor-pole  we  used  to  inspect  nests,  which  was  12  feet  long,  the  snake  was  found 
to  be  12  feet  4  indies  bam  tlie  ground.  The  snake  measured  SI  Inches;  it  was  a  pretty 
rattler,  medium  to  dark  green  in  color,  without  any  specially  distinct  striping  of  any  sort; 

it  had  seven  r.utlcs  .iiid  a  Inittdn. 

We  spent  20  minutes  studying  (he  tree  and  the  place  where  the  snake  had  i>een  coiled, 
and  I  still  have  no  idea  as  to  how  this  relatively  short  and  heavy  snake  could  have  dimbed 
the  tree.  There  were  no  twigs  or  side  branches  short  of  8  feet  from  the  ground.  From  the 
perpendicular,  the  trunk  did  not  lean  more  than  5".  Qimhing  tlic  l)arc  trunk  l)y  looping 
and  clinging  to  the  rough  bark  hardly  seemed  |x>ssiblc  for  this  snake;  yet  (here  it  was. 

We  inquired  of  cowboys  and  woodsmen  in  that  locality,  and  none  had  ever  .seen  a  rattler 
SO  high:  several  suted  that  a  gieeiiMi  rattlemake  in  that  area  bad  (tften  been  seen  dimbing 
about  in  low  brush,  as  though  in  seardi  Of  binb'  nesu.  Johnson  A.  Neff,  U.  S,  Fish  and 
Wildlife  ^emice,  Albuquerque,  N.  Alex. 

There  are  two  greenish  rattlesnakes  found  in  the  vicinity  of  Patagonia,  Ari- 
zona— the  northern  blacktail  (C.  m.  molossus)  and  the  Mojave  rattler  (C.  s.  snttU' 
latus).  The  blacktail  is  known  to  climb,  field  observations  to  this  effctt  having 
already  been  cited;  I  have  no  records  oi  climbing  by  the  Mojave,  altliough  it 
may  do  so. 
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I  liave  found  rattlesnakes  coiled  in  the  tops  of  sage  brush  seeking  young  birds  or  bird  C^jli 
Chailts  li.  Nugent,  U.  S.  fish  and  Wildlife  Service,  lirauley,  Calif. 

1  have  seen  rattlers  up  in  bushes  twice;  once  in  a  Simmondsia  cfdif arnica  bush  in  White- 
water Canyon  on  the  Colorado  Desert,  and  once  at  Palm  Springs  in  a  "decr-moiisc"  cactus 
(Opuntia  echinorarpa).  In  both  cases  there  were  nests  of  the  desert  black-throated  spar- 
row containing  young  in  the  bushes.  This  was  in  April,  1916.  E.  C.  Jaeger,  Riverside  Junior 
College,  Riverside,  Calif, 

Rkasons  for  Trff.-Climbixg 

Various  reasons  have  been  advanced  to  afroiiiu  lor  iree-climbing  by  rattlers; 
most  observers  belie\e  it  is  for  the  purpose  ol  securing  food.  Bendire  (1887i 
p.  304)  thought  they  would  climb  if  small  mammals,  birds,  or  eggs  were  to  be 
had.  He  mentioned  one  instance  in  which  a  rattler  was  found  coiled  around 
a  nest  15  feet  above  ground. 

Some  observers  report  that  rattlers  occasionally  climb  into  bushes  to  avoid 
water  or  to  dry  themselves: 

I  have  seen  rattlers  on  bushes  several  £eet  high,  drying  after  a  rain  storm.  frsnA  E.  Brink, 
Fish  Warden,  Milford,  Pa. 

I  have  observed  rattlers  resting  on  brush.  I  think  they  were  seeking  the  warmth  of  the 
sun.  Emmett  Wilson,  Pensacola,  N.  C. 

When  water  covers  the  land,  rattlesnakes  sometimes  go  up  in  bushes.  II  they  are  disturlied 
and  forced  to  come  down,  they  become  angry.  Charles  W.  Coffin,  Hotly  Bluff,  Miss. 

•o 

When  the  heavy  rains  come,  the  water  covers  hundreds  of  ;u  u  s  of  swale  land,  to  a  <lepth 
of  a  f<)Ot  or  15  inches,  and  the  snakes  and  rats  all  have  to  clnnl)  iiees.  oi  lirush,  or  into 
the  big  rat  houses  that  they  built  for  the  purpose.  I've  seen  rattlers  climb  trees,  and  also 
knocked  them  out  and  watched  them  swim.  Dow  Jones,  District  Game  Warden,  Pali- 
sade,  Colo. 

I  have  seen  many  rattlesnakes  crawl  up  in  clumps  of  sage  brush  when  it  was  raining  and 

wet  on  the  groimd.  They  would  be  on  sage  brush  clumps  about  10  to  16  inches  above  the 
ground.  They  would  crawl  up  there  to  get  out  of  the  mud.  Eddie  Buchta,  U.  S.  Fish  and 
Wildlife  Serx'ice,  Moneta,  VVyo. 

Rattlesnakes  will  ir\  to  avoid  water  imder  some  conditions.  Several  years  ago,  during  a 
flood  in  one  of  my  stock  pastures,  I  saw  a  rattlesnake  in  a  hackbcrry  tree,  up  about  4  feet 
from  the  ground,  which  was  flooded.  A.  L.  Alexander,  V.  S.  Forest  Service,  Roosevelt,  Ariz. 

Carr  (1910,  j).  95)  states  that,  wlieii  the  Exeij^lades  arc  flooded,  the  pigmy 
raiders  {S.  m.  barbouri)  are  often  seen  in  small  trees,  or  lying  coiled  on  cabbage- 
palm  leaves  8  or  10  feet  high. 

One  observer  advances  another  reason  for  their  climbing: 

I  have  seen  several  rattlers  halfway  up  a  sage  Imish.  The  purpose,  I  think,  was  to  keep 
from  being  trampled  by  a  band  of  sheep  whidi  I  was  driving  at  the  time.  Albert  Ma- 
darieta,  Oakley,  Idaho. 

On  the  distinctly  mythical  side  we  have  C.  A.  Fitch  (1903,  p.  315)  maintain- 
ing that  raitk  rs  in  northern  California  catch  insectivorous  birds  by  imitating 
the  bn/7ing  ot  a  bee  with  their  rattles.  He  saw  this  donc  by  rattlers  concealed  in 
the  dense  foliage  of  trees  20  feet  above  ground. 
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Sonic  think  iheir  (limbing  is  not  so  much  to  search  for  birds'  nests  as  for  the 
purpose  of  finding  an  advantageous  percli  for  spying  prey  or  enemies: 

I  hnw  scc-n  a  rattler  dinib  up  in  the  fork  of  a  mesquitc  bush  ami  roil  up  there  waiting  for 
his  prey  to  come  by.  He  can  strike  very  effectively  that  way.  1  liavc  watched  thcin  catcli 
small  rabbits,  mice,  and  small  squirrels.  Riley  R.  Osborn,  Game  Warden,  Torrcy,  Utah. 

I  have  seen  ratden  on  top  of  bushes  8  or  4  feet  high,  but  never  knew  what  their  pur* 
pose  was  in  going  there  unless  to  gel  away  from  some  danger.  Walter  F.  Emerick,  Division 
of  Fish  and  Came,  Palmdaie,  Calif. 

Various  observers  have  seen  rattlers  ensconced  on  or  climbing  objects  other 
than  trees  or  bushes.  E.  A.  Schilling,  U.  S.  Forest  Service,  Franklin,  Pennsylvania, 
found  a  timber  rattler  crawling  along  the  second  rail  of  a  rail  fence.  Homer  F. 
Hastings,  National  Park  Service,  Cami)  Verde,  Arizona,  saw  a  37-inch  blacktail 
attempting  to  climb  a  stone  wall.  G.  \\\  Danforth  advised  mc  that  at  tiie  weather 
station  on  Mt.  St.  Helena,  ncni  Xapa,  California,  a  small  northern  Pacific  rattler 
was  found  in  a  latticed  box  that  held  the  statioti  tlicrnionieter.  The  box  ^\as 
mounted  on  a  post  and  it  was  diflicult  to  sec  how  the  snake  could  have  climbed 
into  it. 

Among  published  records,  Abert  (1831,  p.  221)  mentions  rattlers  on  the  top 
rails  of  fences.  This  is  repeated  by  Bachman  (1834,  p.  164;  see  also  Herridt, 
1917,  pp.  53,  64). 

CoN  rROVl  RSU  S  CONCERNING  TkKE-Cl.lMUlNG 

In  the  caih  day*^,  naturalists  both  affiniKd  and  denied  that  rattlesnakes  climb 
trees.  Wluii  tiie  belief  in  the  power  of  fascination  was  at  its  height,  it  was 
thought  the  snakes  had  only  to  fix  their  bak  fiil  eyes  upon  some  unfoitunate 
bird  or  squirrel,  whereupon  ihc  helpless  prey  fluttered  or  fell  into  the  waiting 
mouth  below.  Hence  it  was  unnecessary  for  the  snakes  to  exert  themselves  to 
climb  trees.  But  Lac£p^  in  1789  (p.  409;  Kerr,  vol.  1,  p.  263)  stated  that  they 
did  dimb  trees.  Barton  (1799,  p.  103)  wrote  that  they  seldom  dimbed,  at  least  to 
any  great  height.  But  Martin  (1851?,  p.  271)  insists  they  never  climb  trees. 

About  a  century  ago  there  raged  a  bitter  controversy  involving  John  James 
Audubon,  the  Anicrirnji  artist-oi nithologist  and  Charles  \\'atcrtf)n,  the  British 
travelei  and  natiiiali-^t.  1  he  controversy  on  Audubon's  side  Avas  carried  on  I)y 
his  son,  his  ftieiitls,  aiul  supporters,  for  it  appeals  that  Audubon  rarely  ie}ilied 
to  his  critics,  except  in  letters  to  his  friends  (Brewer,  1880,  p.  671;  Herrick, 
1917.  p.  61). 

The  discussion  was  centered  principally  on  the  accuracy  of  Audubon's  plates 
and  descriptions;  and  since  the  disputed  points  were  mostly  ornithological  they 
need  not  be  considered  here."  But  Waterton  also  critic  Atidubon's  discus- 
sion of  rattlesnake  habits,  and  in  this  he  had  the  better  oi  the  aigument.  It  is 

"'those  who  arc  intrir'^tcd  may  consult  the  Magazine  of  Xatiiral  History  frotn  18'!0  to  IS'?'). 
Here  llicy  will  liiul  tlie  shots  tired  by  botli  sides,  or  appiopriaic  abstracts  from,  iuhI  references 
to,  items  appearing  in  otlier  journals.  Sec  vol.  3,  p.  449;  vol.  5,  pji.  2;i.'i-2n;  vol  i>,  [ip.  83-88, 
162-171.  215-218.  309-372,  464-468.  550-333;  vol.  7,  pp.  66-74.  164-175,  276-283;  vol.  8,  pp.  184- 
192,  540-541.  663-667.  See  also  the  woika  on  Audubon  by  Herrick  (1917.  vol.  2,  pp.  64.  68,  71), 
Rourke  (\9^6.  pp.  170.  '2m.  and  Arthur  (19S7,  p.  216);  likewise  Audubon's  Journals  (Mzriat  R. 
Audubon.  1917,  vol.  1,  pp.  211,  213). 
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evident  that  Aiuluhon  confused  his  observations  on  rattlesnakes  with  others  on 
black  snakes,  and  he  was  not  insusceptible  to  repeating  herpetolc^ical  myth 

and  lolkloic. 

The  rattlesnake  j)art  of  the  controversy  bc^an  with  the  publit atitMi  of  Audu- 
bon's famous  plate  No.  21,'"  showing  a  limber  rattlesnake  in  a  tree  threatening 
a  mockingbird's  nest,  which  is  being  defended  by  the  parents  and  another  adult 
bird.  This  was  followed  by  an  article  on  rattlesnakes  (Audubon,  1827).  Criti- 
cism of  the  plate  was  centered  on  the  rattler's  presence  in  the  tree,  and  also  on 
the  recurved  shape  of  the  fangs.  whi4±  are  visible,  for  the  rattler  is  threatening 
the  birds  with  open  mouth,  in  itself  highly  im[)robable,  to  put  it  mildly.  The 
fangs — two  per  side — are  much  more  recurved  than  any  of  the  many  hundreds 
I  have  examined,  and  ibc  pterygoid  teetli  are  exaggerated  in  si/c.  Although  a 
sligbt  rexersc  curvature  in  rattlesnake  fangs  at  the  points  is  by  no  means  un- 
connnon,  |)ai  ticularly  when  dried,  Audubon  has  shown  a  reverse  curvature  at 
ihc  approximate  centers  of  the  fangs.  It  can  hardly  be  claimed  tliat  tins  plate 
enhances  Audubon's  reputation  for  accuracy  of  detail,  although  one  cannot 
take  exception  to  the  major  premise  of  a  rattler  raiding  a  modter's  nest.  But 
the  published  article  leaves  even  more  to  be  desired;  it  is  replete  with  repeti- 
tions of  folklore,  including  the  boot  myth  (see  p.  1281),  atid  inaccurate  obser- 
vations. It  is  much  inlet  ior  to  other  accounts  of  the  rattlesnake  that  had  appeared 
previously.  As  far  as  climbing  trees  is  concerned,  Audubon  stated  that  he  had 
seen  a  rattler  pursue  a  gray  s(|uirrcl  on  the  grountl  and  gain  on  it  (p.  22).  The 
rattler  then  chased  the  s(|uirrel  up  a  tree,  and  from  branch  to  branch,  bridging 
gaps  with  %  of  its  body  when  necessary.  Fuially  the  snake  caught  the  squirrel 
and  killed  it  by  constriction.  All  of  this  might  have  been  uue  of  a  black  snake; 
almost  none  of  it  could  be  true  of  a  rattler.  No  rattler  could  outdistance  a  squir- 
rel, either  on  the  ground  or  in  a  tree;  it  could  climb  a  tree  only  slowly  and 
with  difficulty;  with  its  heavy  body  and  almost  useless  tail,  it  could  not  bridge 
the  gaps  between  branches  as  stated;  and  finally  it  would  not  kill  a  squirrel 
by  constriction. 

Audubon's  paper  was  so  obviously  inaccurate  that  it  was  disa\(n\ed  by  the 
editor  of  the  journal  in  which  it  was  reprinted  (T.  P.  Jones,  1828,  p.  1  1  1).  Other 
references  bearing  on  that  part  of  the  controversy  involving  rattlesnake  habits 
will  be  found  in  the  Magazine  of  Natural  History,  vol.  6,  pp.  464,  466,  551;  vol 
7,  pp.  67-69,  74,  164-165,  281;  vol.  8,  pp.  190-192,  540-541,  663-667.  Waterton 
(vol.  6,  p.  466;  vol.  7,  pp.  67,  69,  281)  makes  much  of  Audubon's  having  stated 
that  a  rattler  was  seen  to  swallow  a  squirrel  tail  first;  while  this  is  unusual, 
such  an  occurrence  has  been  repeatedly  noted  by  competent  observers,  as  men- 
tioned under  food  habits  (chap.  9).  W'aterton  e\entually  admitted  that  rattle- 
snakes climb  trees  (1835a,  p.  66$;  1851,  j).  203),  but  still  took  exception  to  Audu- 
bon's account  of  how  the  rattler  chased  the  squirrel  up  the  tree  and  through 
the  branches  until  it  was  caught. 

Among  Audubon's  defenders  were  Abert  (1831,  p.  221)  and  Bachman  (1834, 

"See  Swainson's  review,  Mogazhie  of  Natural  History,  vol.  1.  p.  48.  The  mockiiiRl)ird  plate, 
with  the  atiatkiiig  raulcsnakc,  is  ])\:in-  '2\  of  the  original  clephani  fdlio  edition  of  ISUT-'H);  plate 
28,  vol.  2,  of  the  quarto  edition  of  lt<lU-Jl;  plate  1S8  of  the  New  York  folio  reprint  of  I860;  and 
plate  21  of  the  quarto  reprint  of  1937.  The  contioversial  fiangi  do  not  show  dearly  in  the  latett 
reprint. 
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p.  164).  More  recently  Colles  (1908,  p.  311)'^  and  Ilcrrick  (1917.  p.  70)  have 
voiced  the  theory  th.it  Audubon  had  unfortunately  confused  with  his  rattlesnake 
notes  some  ohsc  r\  ations  he  had  made  of  a  black  snake  catchin<j;  a  s(|uirrel.  No 
doubt  this  was  the  case.  The  controversy  has  also  been  discussed  by  Rourkc 
(193G,  pp.  170-171,  239-24S)  and  Arthur  (1937.  p.  216-217).  Artliur  closes  the 
argument  by  citing  the  experience  of  a  friend  of  his  who  found  a  canebrake 
rattlesnake  on  the  branch  of  a  fig  tree  20  feet  above  ground.  But,  after  all,  mere 
tree-climbing  was  not  the  main  point  of  Waterton's  criticism;  on  most  of  the 
hcrpetological  points  raised  in  the  discussion  Audubon  was  definitely  vulner- 
able. I  bring  the  matter  up  at  this  point  only  because  the  ;n  c;ument  resulted  in 
an  extensive  airinjj;  of  opinions  on  the  climbing  ability  ol  lattlers,  and  news- 
paper atcounts  (e.g.,  Dobie  in  the  Austin  .luioirav-StaU'snian,  April  15,  1915) 
of  rattlers  found  in  tues  are  likely  to  liie  the  occ  urrence  as  proof  that  Audubon 
was  right.  And  so  he  was — on  this  point  only. 

Characteristics  of  Tree-Climbing  Snakes 

Oliver  (1946,  p.  295)  has  pointed  out  that  species  of  snakes  which  are  persistent 
tree-dimbers  usually  have  these  functional  modifications:  1)  The  body  and  tail 
are  relatively  elongated  so  that  the  weight  may  be  distributed  over  a  greater 

length;  2)  there  is  a  longitudinal  keel  or  ridge  on  each  side  of  the  belly  that 
enables  the  snake  to  utilize  minute  crevices  or  irregularities  in  climbing;  3)  the 
bodv  is  laterally  compressed  so  as  to  afford  greater  rigiditv  when  spanning  .^aps 
between  branches.  The  rattlesnakes  hnxc  none  of  tlusc  advantageous  modifi- 
cations, l)ut  still  they  are  able  to  (limlj,  after  a  lasliion,  by  wedging  themselves 
into  bark  crevices,  and  by  making  partial  (not  lull)  loops  on  the  upper  side  of 
every  branch  or  other  protrusion  from  the  trunk  of  a  tree. 

A  snake  progressing  out  on  a  horizontal  limb,  rarely  if  ever  coils  around  the 
limb;  rather  it  drapes  itself  with  l<x)ps  falling  below  the  limb  on  either  side. 
Stewart  (193S,  p.  464)  showed  how  snakes  (not  rattlers)  were  able  by  this  means 
to  (ra^vl  along  a  horizontal  wire. 

Although  I  think  it  has  been  amplv  demonstrated  that  rattlesnakes  do  occa- 
sionally (limb  trei's,  and  to  considerable  heights,  they  do  not  do  so  habitually, 
and  tree-c  limliing  is  not  a  preferred  method  of  securing  |)rev.  Certainly  La(epede 
(17HS  S9,  vol.  2,  p.  109;  Kerr,  1802.  vol.  4.  p.  26.^)  was  in  error  wlien  he  de- 
scribed the  great  agility  with  which  tlie  trees  were  climbed  and  the  celerity  with 
which  a  rattler  could  follow  prey  from  branch  to  branch.  Theiss  (1925,  p.  109) 
was  correct  in  doubting  that  a  rattler  could  go  straight  up  a  vertical  tree,  if  it 
was  to  be  inferred  that  those  who  told  him  it  could,  meant  a  tree  with  a  smooth 
trunk,  with  neither  bark  cre\ices  nor  protrusions.  Erwin  (1946,  p.  28)  tells  a 
fantastic  story  of  rattlesnakes  that  escaped  from  dogs  by  ascending  trees. 

'"(liilks  m;ikr>  tlu;  iiitci csiiir^  sut;L50slion  that  vipcriiir  snakes  do  not  dituh  tici-s  Ix-iausc  they 
arc  prevented  from  sccinj^  objects  oxcrhcaci  by  reason  of  tbcir  prujcciing  siiprauciiiar  scale:*.  But, 
as  has  been  riiown.  even  sidewinders,  whose  supraoculars  arc  most  exaggerated«  occasionally  dimb. 
as  do  some  species  of  Bothrops  and  Athens  with  projecting  supraoculars. 
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SWIMMING  ABIUTY 

Although  rattlesnakes  are  not  so  aquatit  ;is  tin:  sea  snakes  lound  in  the  trop- 
ical oceans,  or  even  as  accustomed  to  water  as  are  the  water  snakes  (Xntrix), 
the  garter  snakes  {Thamnophis),  or  the  water  moccasin  {Agkistrodon  piscivorus) 
of  our  own  country,  nevertheless  they  are  good  swimmers.  Some  species  frequent 
marshy  areas,  as  does  the  eastern  massasauga  {Sisirurus  catenatus  catenatus);  one, 
the  Mexican  lance-headed  rattler  (Crotaltts  polysticttts),  lives — among  other 
places — in  the  tules  of  Lake  Chapala;  and  the  eastern  diamondback  (C.  ado- 
mantetts)  is  sometimes  found  at  sea  swiminin{;  to  and  from  the  keys  along  the 
Florida  coast.  And  it  is  clear,  both  from  published  accounts  and  from  the  state- 
ments of  my  own  correspondents,  that  all  rattlers  ^vill  take  to  the  water  and 
swim  readily  enough  when  their  travels  in  search  of  food,  refuge,  or  mates  re- 
quire them  to  cross  intervening  water.  Snakes — rattlesnakes  included — arc  quite 
buoyant,  since  the  pause  in  respiration  is  long  and  comes  after  inhalation,  instead 
(rf  expiration  as  in  mammals.  Furthermore,  the  functional  lung  indudes  a 
bladder-like,  nonvascular  prolongation  that  increases  its  air  capacity.  Thus  rattle- 
snakes float  readily,  and  a  sinuous  motion  of  the  body  and  tail  propels  them  at 
a  fair  rate  of  speed. 

How  HIE  Rattlf.s  Ark  Uki.i) 

As  early  as  16!i4  the  statement  was  made  (VV.  Wood,  p.  18)  that  it  rattlesnakes 
swim  a  river  liicy  die  upon  reaching  the  other  shore.  This  was  rcj)catcd  by  S. 
Clarke  (1670,  p.  12)  and  Josselyn  (1675,  p.  114),  but  kalui  in  1753  (1752-53, 
p.  52;  1937  reprint,  p.  613)  repotted  that  diey  float  like  bladders;  and  Lac^pede 
in  1789  (p.  411;  Kerr,  1802,  vol.  4,  p.  266)  wrote  that  they  took  to  water  readily. 
These  later  ideas  are  nearer  the  truth. 

A  number  of  authors  have  stated  that  swimming  rattlers  always  swim  with 
their  tails  elevated  to  keep  their  rattles  dry  (e.g.,  Rutledge,  1935,  p.  423).  Dobie 
(1923,  p.  88)  reported,  as  a  popular  belief,  that  a  rattler  never  permits  its  rattles 
to  become  wet.  The  truth  of  this  piesumpiion,  now  virtually  folklore,  has  been 
denied  by  West  (1929,  p.  35),  Hightower  (1945,  p.  42),  and  others.  Sedlon  (1916, 
p.  96)  published  a  photograph  of  an  eastern  diamondback  swimming  a  Florida 
river;  the  rattles  are  not  elevated. 

My  own  correspondents  have  differed  on  this  point  The  following  state  that 
the  rattles  are  kept  above  water: 

Rattlesnakes  often  swim  in  a  lake  or  stream,  but  they  swim  with  the  rattles  sticking  up  out 
of  the  water.  /.  iMwlon  Httggms,  Game  Warden,  Mullins,  S.  C. 

I  have  seen  two  rattlesnakes  swimming  in  lakes.  They  were  swimming  with  head  and  tail 
both  up  out  of  the  water.  The  tail  was  held  considerably  higher  tlian  in  average  snakes 
and  they  seemed  to  swim  with  the  body  more  than  the  tail.—/.  A.  Hale,  District  Game 
Warden,  Boligee,  Ala, 

o 

I  saw  a  rattler  come  to  a  small  river  on  the  opposite  side  from  me,  and  swim  aoXMS  holding 
iu  rattles  out  of  the  water.  IV.  A.  Spiller,  District  Warden,  Haleyville,  Ala. 
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I  have  ihe  skin  of  a  (3  toot  rattler  that  I  killed  from  a  little  row  hoat  as  it  was  swiniminp 
ihc  Halifax  River  in  l  lurida.  It  was  a  hundred  yards  from  land,  in  choppy  water,  with  head 
and  tail  hdd  above  the  surface,  swimming  toward  a  mangrove  island.  Jmiah  Keely,  Hun- 
tington,N.  Y. 

I  saw  a  large  rattler  swimming  a  good  300  yards  from  shore  in  a  reservoir.  Its  head  and  tail 
were  above  water.  C.  G.  Holzumrth,  Kremmling,  Colo. 

I  have  seen  rattlesnakes  suimniing  in  rivers  manv  times;  and,  in  all  cases,  their  rattles  were 
held  out  of  the  water.  J.  T.  Kcnricy,  U.  S.  Fon  st  Service,  Dardanellc ,  Calif. 

In  these  acroiints,  '>  siihspci  ic^  of  rattlesnakes  aic  mentioned— -timber,  canebrake« 

eastern  dianiondbat  k,  jjiairic.  and  northern  Pac  ific. 

Sexcral  others  of  niv  f  orr(  >|)onden(s  Iia\e  stated  tliat  the  snakes  keep  thcii  tattles 
dry  while  !>\vinniung,  but  ihcii  actoiinis  were  basscd  on  hearsay  and  hence  are  not 
repeated  here. 

The  following  observers  noted  instances  when  the  rattles  were  not  protected 
from  wetting: 

Rattlesnaltes  have  been  seen  swimming  across  rivers  in  the  southern  Appalachians.  They 

were  not  holding  the  rattles  above  the  water,  as  I  have  heard  they  did.  Herbert  P.  Rice, 
V.  S.  Forest  Service,  Meadville,  Miss, 

I  have  seen  several  rattlers  swimming  across  creeks  and  rivers.  Upon  reaching  the  opposite 
bank  they  stop  and  wait  for  tlicir  rattles  io  drv  out.  1  lu-ir  rallies  become  water  lo^f^ed 
while  they  are  swimn)in<r  and  they  caiinoi  rattle  when  ihc)  reach  ihc  shore.  They  are  very 
dangeroiM  then,  as  there  is  no  warning  rattle  to  put  you  on  guard.  William  Lakmen,  Came 
Warden,  Rawlins,  Wyo. 

■o 

I  saw  a  rattlesnake  once  in  Hobble  Creek  Canyon  near  Provo.  Utah.  It  had  just  come  out 

of  a  creek,  had  its  rattles  full  of  water,  and  I  nearh  su  |i])cd  on  it  because  it  could  not  l>e 
heard,  even  though  it  was  buzzing  vigorously.  R.  C.  Anderson,  U.  S.  Forest  Service,  Ogden, 

Utah. 

On  May  I.  \9?if).  \sh\\c  fishing  in  Little  Lake  on  Kern  River,  I  was  sitlin;.;  on  a  laii^c  ro<k 
and  noticed  something  swimming  near  the  center  of  ihc  lake,  about  200  feci  from  the  shore. 
I  watched  it  come  in  and  discovered  it  was  a  6-rattle  PaclRc  rattlesnake.  It  was  swimming 
with  no  apparent  effort  to  keep  its  rattles  dry.  I  saw  another  crossing  the  San  Joaquin  River, 
near  Mendota.  £.  L.  Shellenbarger,  U.  S.  Forest  Service,  Lone  Pine,  Calif, 

These  accounts  mention  three  of  the  subspecies  that  have  previously  been  listed 
as  proK-c  ting  their  rattles — canebrake,  prairie,  and  northern  Pacific  rattlers — and 
one  other,  the  Great  Basin  rattlesnake.  Therefore  the  reputed  differences  in  con- 
duct cannot  be  attributed  to  a  species  cUfferenee. 

Ross  Allen,  ft  cm  his  lonj;  expei  ienee  Aviih  dianu)ndbatks  in  Florida,  had  this 
to  say  about  this  aj)j)arent  conliitt  of  obsei \alions: 

We  liave  e.\peiiiiiented  with  laiiicsnukcs  swimming  and  the  summary  of  results  i.s  as  follows: 
When  a  rattlesnake  swims  In  a  natural  state'on  open  water  in  a  leisurely,  unafraid  manner, 
he  iceeps  his  rattles  up  in  the  air  about  70  per  cent  of  the  time;  but  if  he  is  frii;htened  and 
disturbed,  or  wants  to  make  more  progress  swimming,  the  tail  goes  down  in  the  water  and 
he  makes  no  attempt  to  keep  the  rattles  dry. 

My  own  experiments  have  jjiodueed  nioie  unilorni  results,  all  tending  to  con- 
trovert the  dry-rattle  story.  1  expet  iniented  with  21  species  and  subs|)ecies  of  laitle- 
snakes  by  placing  them  in  a  fresh-water  pond.  Those  tested  included  western 
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dianiondbacks  (C  atrox),  Mexican  west-coast  rattlers  (C.  b.  hnsiliscus),  sidewinders 
(C.  c.  cerastes,  C.  c.  cercubomOus,  and  C.  c.  lateron-pms),  South  American  rattlers 
(C.  d.  terrificus),  timber  rattlesnakes  (C.  h.  horridus),  Omilteman  small-headed 
rattlers  (C.  i.  omiltemanus),  mottled  rock  rattlesnakes  (C.  /.  Icpidus),  southwestern 
speckled  rattlers  (C.  m.  pyrrhus),  blacktaib  (C.  m.  molossus),  Arizona  twin-spotted 
rattlers  (C.  p.  pricei),  red  diamond  rattlers  (C.  r.  ruber),  Mojave  rattlers  (C.  s. 
scutulatus),  tiger  rattlers  (C.  tigris),  Aruba  Island  rattlci-s  (C.  unicolor),  prairie 
rattlers  (C  v.  viridis),  southern  Pacifies  (C.  x'.  Iicllcri),  Great  Basins  (C.  i'.  lutosus), 
northern  Pacifies  (C  t'.  oregtniJis),  and  eastern  massasaugas  (S.  c.  ( atcnatus). 
In  these  expciimeius  the  snakes  \\ere  lowered  into  tlie  water  gently  so  as  to 
frighten  tliein  as  little  as  ]j()ssil)le.  All  swam  readily,  using  the  same  side  waves 
or  lateral  undulations  of  the  body"  adopted  by  other  snakes  in  swinnning,  in- 
cluding such  water-frequenting  genera  as  the  water  snakes  (Natrix)  and  garter 
snakes  (Thamnophis). 

The  rattlers  that  I  tested  seemed  unafraid  of  the  water*  and  were  so  buoyant 
that  their  heads  and  necks  could  be  raised  well  above  the  surface  -^12  inches  in 
large  specimens — so  that  ilu'\  coukl  look  about  and  get  their  bearings.  They 
COldd  easily  dimb  a  wall  ti  or  8  inches  high  lo  get  out  ol  the  jjond. 

As  to  trying  to  keep  their  rattles  drv,  the  actions  r)f  ail  ot  th('>e  diliereiit  kinds 
of  lattlesnakes  were  remarkably  unifoiin;  they  made  no  a|)j).iient  ellort  to  hold 
their  tails  above  water,  even  when  floating  motionless;  and  as  soon  as  they  wished 
to  move,  they  regularly  used  their  tails  for  propulsion,  with  their  rattles  below 
the  surface.  Occasionally  when  resting  or  floating,  the  rattles  were  held  above 
the  surface,  but  this  seemed  to  be  more  a  repetition  of  their  usual  land-crawling 
posture  with  the  rattles  pointed  upward  than  an  attempt  to  keep  the  rattles  dry. 
Even  when  resting  on  lily  pads,  they  seldom  avoided  trailing  the  rattles  in  the 
water,  although  they  might  easily  have  kept  them  out. 

Actions  in  the  Water 

Rattlers  shed  water  readily — that  is,  the  skin  seems  protected  from  wetting  by 
an  oil  film,  but  this  does  not  apply  to  the  rattles.  If  annoyed,  the  snakes  of  my 
experiments  rattled,  or  tried  to,  while  the  tails  were  immersed,  and  the  rattles 
became  thoroughly  wet  and  at  least  partly  filled  with  water.  If,  when  rattling, 
the  tip  of  the  rattle  was  raised  above  the  surface,  it  w  as  surrounded  by  concentric 
rings  of  vibration  wavelets.  When  a  snake  was  remoNcd  from  the  water,  the  rattle 
was  first  heard  iaiiuly.  but  the  sound  increased  as  the  waiei  was  shaken  fiom  the 
rattles,  \l\  e\periment>  lead  to  the  (ondusion  tliai  rattle>n.ikes  larelv.  if  ever, 
make  any  effort  to  kce|)  their  rattles  dry  when  swinnning;  their  method  of  using 
both  body  and  tail  foi  ]jrogression  precludes  their  doing  so. 

Several  of  the  rattlers  with  which  I  experimented  drank  water  while  floating. 

Some  of  my  correspondents  mention  the  notable  buoyancy  of  rattlesnakes: 

I  was  fishing  in  a  spring  hole,  standing  in  water  nearly  to  the  lop  of  my  hip  boots  about 

20  feet  from  shore,  when  I  heartl  a  tiiiil>ci  latilcsiiake  rattle.  It  came  out  of  the  willows  and 
siaiii-d  lo  swim  touard  mc.  and  puik-d  up  (o  lialT  again  normal  size  when  it  hit  the  water. 

I'fiiil  I).  II  )/rM\,  Siiitf  l\  anil  II,  \\  yalusifiii.  Pa. 

Cuwlcs  (I'JaJ,  p.  11)  rc-purlcd  (hat  sidewinders  swim  noi  mally  in  water  unless  it  is  quite  shal- 
low, in  which  case  they  progress  by  sidewinding. 
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W'liile  trout  fis!)inc:  near  Red  Rliiif  some  venrs  aRO,  I  saw  a  noill  (  ti-  ifu  i;iiiI(t  swim  a 
stream,  in  wliicii  I  was  standing.  I  his  snake  came  to  the  edge,  diaiik  and  ilicn  swam  across. 
It  swam  with  its  head  hi|^  out  of  the  water.  R.  M.  Williams,  Arbuekle,  Calif, 

The  buoyancy  of  .swimming  rattlers  has  been  mtiuionecl  by  Kahii 
p.  52).  Daudin  (1801-4,  vol.  5,  p.  309),  and  l  omc  (1854,  1928  cd.,  p.  115).  I.ngger 
(1883,  p.  2titi)  said  rattlers  inflated  like  an  air  bubble  while  cros.sing  a  ri\  cr. 

This  buoyancy  makes  it  possible  (or  a  rattler  to  strike  while  floating  or  swim- 
ming in  a  stream.  Schrenkeisen  tells  of  a  man  who  was  struck  by  an  eastern  dia- 
mondbadt  as  he  waded  in  water  a  foot  deep. 

I  have  teased  rattlesnakes  and  pushed  them  into  the  Snake  River  with  sticks.  They  swrira 

well.  I  have  mwed  alongside  of  thetii  in  ;\  Ixi.it,  teasing  them  with  an  oar,  and  found  they 
can  strike  while  swimming.  Albert  Madariela,  Oakley,  Idaho, 

o 

RusscU  Edgar  of  Albu()ucr(iue,  who  is  on  the  Slate  Game  Commission,  told  me  that  on  two 
occasions  he  has  encountered  rattlesnaketP  swimming  in  Elephant  Butte  Lalte,  one  about 

to  yards  and  one  about  100  \ards  from  land.  Mr.  1  .di;ar  saici  that  upon  approach  of  the 
boat,  the  snakes  toik-d  looscl\  in  (he  uatcr,  raised  (licir  heads  and  sti  titk  at  an  oar  that  was 
pushed  toward  them.  A.  E.  Jinrell,  lit'^ional  liiology  Division,  Albuquerque,  iV.  Alex. 

As  has  been  stated,  rattlers  swim  as  do  other  snakes,  with  a  lateral  undulatory 
motion. 

A  timber  rattler  was  sighted  in  (he  middle  of  a  fish  pond,  alM)ul  midway  across.  The  arm 
of  the  pond  where  the  snake  was  crossing  was  about  150  feet  wide.  The  snake  progre-vsed 
rather  slowly,  with  a  wriggling  motion,  and  with  its  back  exposed.  Charles  O.  Handley,  Fish 
and  Wildlife  Service,  Blacksburg,  Va. 

I  saw  a  rattler  plunge  into  a  pool  3U  feci  wide  and  swim  across.  It  went  in  wilii  a  splash, 
swam  with  the  head  out  of  water  a  couple  of  indies,  and  had  the  same  motion  while  swim- 
ming as  when  crawling  on  land.  Walter  F.  Etrterick,  Division  of  Fish  attd  Game,  Falmdale, 
Calif. 

The  following  account  su^sts  that  rattlers  may  sometimes  depend  upon  the 
wind  to  carry  them  along: 

I  have  seen  rattlesnakes  crossing  a  lake.  They  coil  as  if  to  strike,  with  head  and  tail  up, 

fdling  themselves  witli  air  until  ihcv  look  alK)iit  twice  natural  si?e,  and  then  !i  i  the  wind 
and  the  waves  take  them  across.  And  when  I  have  approached  them  in  a  boat,  they  struck 
as  if  they  were  on  the  ground.  Leon  Stowe,  Game  Warden,  Graford,  Tex. 

Seveial  of  my  correspondents  refer  to  the  swiftness  of  the  riven  whidi  rattlers 

may  cross: 

Rattlesnakes  are  t;o<Ml  swimmers  .nnd  icadily  cross  streams  if  the\  so  disire.  I  have  seen  five 
diifcrcnt  ones  swim  streams  that  were  6  to  25  feet  wide  and  with  a  swift  current.  M.  R. 
Hieket,  Salida,  Colo. 

o 

We  quite  oltcn  see  rattlers  swimming  the  Big  Hole  River,  a  favorite  hsliing  stream  some 
75  to  100  yards  across,  and  fairly  swift.  William  T.  Sweet,  Butte,  Mont. 

Raitlcsnakes  don't  drown  easily;  this  endurance  would  he  cxiJcdcti  in  a  cold- 
blooded animal,  with  a  low  metabolism  and  extra  air  storage  capacity  in  its 

sint;lc  lung: 

I'robably  western  diamonds  (C.  atrox). 
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I  have  thrown  praiiic  raliksnakc-s  in  the  water  and  they  can  swim  quite  well.  In  (act,  we 
tried  to  drown  one  under  water  for  nearly  half  an  hour  but  it  wouldn't  drown.  C.  H. 
McDonald,  V.  S.  Forest  Service,  Stevenmlle,  Mont, 

•o 

I  found  a  Padlic  rattler  trapped  in  a  waicrholc  in  tlie  rocks.  I  luld  it  under  w;ittr  for  20 
minutes  trying  to  drown  it,  with  no  success.  R.  L.  Kloppeuburg,  V.  S.  forest  i>cn>ue,  San 
Luis  Obispo,  Calif. 

Browning  (I860,  p.  380)  mentions  a  similar  unsuccessful  attempt  at  drowning  a 
rattler. 

Several  (oi ic^ijoiuIc  iiis  (onnuenl  on  iht-  fact  tliat  laiilcis  liLtiiitiii  the  shores  of 
sticatiis  or  ponds  to  drink,  particularly  in  siimnicr,  and  that  occasionally  they  take 
to  the  water  to  keep  cool: 

The  summer  o£  1931  was  cxcettliugly  wann,  witli  a  low  rclaii\c  iiuuiidily  at  the  Niubiaia 
Wildlife  Refuge.  Nebraska.  Prairie  rattlesnakes  were  often  obseT\'cd  lying  in  the  cool  waters 
of  the  Niobrara  River.  The  head  was  imarialily  on  shore  and  uluii  distnrhcd,  the-  snakes 
tried  to  esrn]>r  toward  shore,  in  no  case  retreating  into  the  river.  IT.  £.  Beed,  Fish  and  WHd- 

life  Seix'icf,  U  auliuii,  W  ts. 

I  !ia\c  iic\ci  sfcii  a  rattirr  in  uatri.  c\(e]>t  in  a  sUnr^ti  m)  Atr^nst  or  tlic  lattn  ]>;\tt  of  July, 
when  llic  weather  was  very  hot.  1  he  rattles  were  so  wet  they  couldn't  even  buz/.  Gustavc 
W.  Koski.  V.  S.  Fish  and  Wildlife  Senicr.  Windham,  Mont. 

W  iiifu  kl  1 1.  Liiif  loltl  mc  ol  lia\  iiii;  loiiiui  a  sjK  t  klcd  rattlesnake  (C.  ///.  fiy)  rhits) 
lyinu;  <  oihd  in  a  small  mountain  stream  that  was  trickling  over,  but  not  completely 
covering,  its  (oils. 

Through  Commander  G.  \V.  Danlorili  oi  Napa,  Caliiornia,  1  learned  that,  of 
10  northern  Pacific  rattlesnakes  (C.  v.  oreganus)  found  dose  to  nearby  Millikan 
Lake  between  April  17  and  June  28,  I950»  two  were  swimming  in  the  lake.  An- 
other, found  on  the  bank,  readily  swam  across  an  arm  of  the  lake  some  40  feet  wide. 

Gass  (1807,  p.  1  IS)  mentions  a  prairie  rattler  seen  swimming  in  the  upper  Mis- 
souri River  near  Three  Forks.  A  century  and  a  half  later  Mosimann  and  Rabb 
(1952,  p.  26)  loimd  another  in  the  same  part  ol  Montana  s^viniminc;  in  tlie  Marias 
Rivir.  \till  (191S,  p.  ll.'i)  saw  (anrl)rak(s  (C..  h.  (itri((iU(lalus)  swimming  at  ross 
certain  lakes  in  Georgia  in  August  and  September,  and  always  at  the  same  place. 

Reasons  for  Swimming 

Several  correspondents  think  rattlers  will  swim  only  to  escape  an  enemy,  or  if 
forced  to  by  some  other  threatening  situation: 

I  have  seen  two  Pacific  rattlers  take  to  the  water  to  escape,  and  actually  swim  across  a  creek 
about  60  feet  wide.  M.  W.  Durham,  V.  S,  Forest  Service,  Pasadena,  Calif. 

-o 

I  can  recall  sctiiv^  onlv  one  rattlci  swimniirii;  a  ii\ir.  I  hclicvc  he  liad  fallen  in  wlit  n  trying 
to  get  away  prioi  to  my  seeing  him.  He  got  out  as  soon  as  possihle.  Howard  If.  Higgins, 
V.  S.  Forest  Service,  Avery,  Idaho. 

o 

The  only  instance  I  have  observed  of  a  rattler  swimming  was  when  one  was  coerced.  In 
that  instance  it  did  uell  and  swam  the  Klamath  River  to  the  farther  shore.  George  S.  James, 
U.  S.  Forest  Service,  Yreka,  Calif. 
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I  have  never  seen  a  rattlesnake  in  water  iinh  --s  hf  was  crowded  into  it.  1  surprised  one  along 
a  creek  bank  and  started  alter  him.  He  went  ilown  into  the  water  and  swam  across.  The 
creek  was  about  8  feet  wide  and  the  water  was  barely  niu\  ing.  Eddie  Buchta,  Fish  and  Wild- 
life Service,  Moneta,  Wyo, 

I  have  seen  rattlen  swimming  to  get  away  from  fire,  but  have  never  been  aUe  to  drive  one 
into  the  water.  althou|^  they  can  swim  very  well.  Lawrence  Kelly,  Harper,  Oreg. 

Ramsey  (1945,  p.  39)  says  that  rattlers  swam  to  new  refuges  when  the  Conchas 
Reservoir  in  New  Mexico  filled.  I  had  hoped  to  collect  a  lot  of  rattlers  on  the 
islands  in  Lake  Mead»  formed  by  Hoover  Dam,  as  the  water  rose  when  the  dam 
filled  for  the  first  tune,  but  got  only  a  single  sidewinder,  although  I  visited  a 
number  of  islands  as  they  were  being  inundated.  This  indicates  that  the  rattlers — 
Panamint  and  Mojave  rattlcis,  and  sidewinders — must  have  escaped  to  the  shore 
by  swimming  (Klaubcr,  1939a,  p.  81).  The  swimming  proclivities  of  rattlers,  as 
affecting  dispersal  and  control,  are  discussed  elsewhere  (pp.  607,  1026).  The  snakes 
are  often  carried  downstream  by  river  floods  and  usually  survive. 

Aquatic  Activities  of  Particular  Speoes 

The  following  notes  bear  on  the  aquatic  activities  of  some  of  the  species  not  previ- 
ously mentioned  as  having  been  seen  swimming  in  the  wild: 

Western  Diamond  Rattlesnake  (C.  atrox) 

I  know  of  cases  that  prove  rattlesnakes  do  swim  streams  and  lakes.  A  rancher  here,  A.  N. 
Lyall,  was  about  half-way  across  Roosevelt  Lake  at  a  point  where  it  is  approximately  one 
mile  wide,  and  saw  a  rattlesnake  swimming  toward  the  south  shore,  and  making  good  time. 
Another  Ttshertnan  saw  a  rattlesnake  some  distance  of!  shore  in  the  same  lake  and  killed  it 
with  an  oar.  A.  L.  Alexander,  U.  S.  Forest  Service,  Roosevelt,  Ariz. 

I  once  saw  a  rattlesnake  swimming  in  Roosevelt  Reservoir  a  quarter  ot  a  mile  from  the 
shore.  It  seemed  to  be  crossing  the  reservoir,  whidi  was  a  mile  wide.  £.  $.  Bliss,  U.  S.  Forest 
Service,  Coyote,  N.  Mex. 

Although  there  is  no  final  proof  that  these  were  western  diamonds,  this  species 
has  been  collected  on  the  shore  of  the  lake. 

J.  Frank  Dobie  (1915)  has  reported  that  rattlers  were  seen  swimming  in  Aransas 
Bay,  oflf  the  coast  of  Texas,  to  and  from  ilu;  coastal  islands.  Without  doubt  these 
were  wcstciTi  diamonds.  Davenport  (1943,  p.  107)  reported  western  diamonds 
seen  at  sea  15  miles  off  shore. 

Red  Diamond  Rattlesnake  (C.  r.  ruber). — ^This  subspecies  has  been  observed 
swimming  in  both  Sweetwater  and  Lower  Otay  reservoirs  in  San  Diego  Ck>unty, 

California. 

On  two  occasions  I  have  heard  of  rattlers  sAvimming  in  the  Pacific  Ocean,  once 
off  the  mouth  of  the  Tia  Juana  River,  oiKc  oil  La  Jolla.  Whether  they  were  red 
diamond  rattlers  or  soutlieni  Pacifies  could  not  l)c  determined;  both  species  are 
not  infrequently  found  on  the  sand  of  the  shore  above  the  high-tide  line. 

Panamint  Rattlesnake  (C.  m.  Stephens!) 

In  April,  1943,  I  saw  a  Panamint  rattlesnake  swimming  across  a  small  cove  in  the  Colorafio 
River  near  £ldorado  Canyon.  lie  had  almost  readied  tlie  bank  when  I  saw  him  and  I  could 
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see  MO  iciKon  \\\\\  lu  liad  taken  to  ihe  water.  Gordon  C.  Baldwin,  Boulder  Dam  National 

RccrcalKJtial  Area,  liuulder  Ctly,  A'ev. 

Eastern  Massasauga  (S.  c.  catenatus) 

The  Onlv  rattlesnake  I  ever  saw  in  the  water  wa';  a  Sistrurii<:  nilrnalus  in  Jackson  CoUflty, 
Michigan.  It  was  seen  swimming  in  a  little  creek  that  meandered  through  a  marsh  in  whidl 
the  water  circulated  about  tussocks  of  marsh  grass.  As  il  was  swimming,  il  stuck  its  head 
out  and  looked  around  almost  within  my  reach.  Cart  L.  Hubbs,  Scrips  Institution  of 
Oceanography,  La  Jolla,  Calif. 

Conant  (1938»  p.  115)  also  states  that  this  subspecies  enters  water  occasionally. 
Fox  (1948,  p.  6S)  reported  one  seen  swimming  in  Georgian  Bay,  Ontario,  about 
a  mile  and  a  half  from  the  shore. 

Western  Pigmy  Hnttlesnake  (S.  m.  strcckcri). — R.  M.  Perkins  writes  that  a  friend 
found  a  six.'cinicn  of  streckeri  swimming  tlie  James  River,  bordering  Stone  County, 
Missouri.  It  was  preserved  for  identification. 

Eastern  Diainondhark  (C.  aclaniaiiteus). — I'ndoubtcdly  the  champion  salt-water 
swimmer  amoni^  the  rattlesnakes,  at  least  ot  those  found  in  the  I'nited  States, 
is  the  eastern  diainoiulhark  (C.  ndtnnantfua)  of  Florida  and  the  adjacent  states. 
Here  are  some  obser\ alions  on  their  seagoing  propensities: 

Two  friends  of  mine  killed  a  diamundback  rattler  in  the  Gulf  of  Mexico,  2  miles  from  land. 
This  snake  evidently  was  going  from  an  island  to  the  mainland.  Another  was  killed  swim- 
ming in  Lake  Marianna,  near  Aubutndale,  Fknida.  Joseph  T.  McCvdtou^t  U.  S.  Forest 
Service,  Brooklyn,  Miss. 

For  years  I  had  heard,  inm  the  flsherman*farmers  of  Sanibel  Island,  Lee  County,  Florida, 

that  the  onlv  raltlcsnakes  on  the  island  were  those  that  had  swum  over  from  the  mainland, 
which  they  soon  found  and  killed.  Sanihel  is  in  the  Gulf  of  Mexico,  off  the  mouth  of  the 
Calootahatchee  River.  Early  in  the  spring  of  1935,  we  were  dredging  for  bottom  founa 
from  a  guide  boat  in  the  northern  part  of  San  Carlos  Bay,  about  200  yards  off  the  southern 
end  of  Pine  Island  AVe  saw  a  snake  swimming  from  Pine  Island,  apparently  toward  Sanibel. 
We  moved  up  to  il  and  picked  it  up  in  a  dip-net.  It  was  a  rattlesnake  not  more  than  30 
inches  long.  We  tamed  it  loose,  and  the  snake  omtinued  on  in  the  same  southwesterly 
direction.  We  watched  it  for  quite  a  time.  Sanibel  is  about  a  mile  from  Pine  Island,  and  the 
last  wc  saw  <if  ilic  snake  it  was  fullv  a  third  of  the  wav  across.  The  rurrrnt  was  not  strong, 
and  there  wa!>  little  wind.  I  do  not  remember  which  way  the  tide  was  setting  at  the  time, 
but  whether  in  or  out,  the  tattlesnake  was  swimming  cross  ctirrent.  Margaret  Storey,  Stan- 
ford University,  Calif. 

Ross  .Mien  of  Sil\er  Springs,  l-lorida,  reports: 

The  Florida  dianiundbacks  are  often  found  swimming  wide  waterways,  and,  un  one  occasion, 
one  was  found  floating  in  the  Gulf  of  Mexico,  22  miles  from  land,  apparently  hav  ing  floated 
out  with  (he  tide  at  night.  Rattlesnakes  do  not  hesitate  to  swim  acTOss  salt  water,  even 
great  distances  from  island  to  mainland. 

Rutledge  (1935,  p.  52B)  reports  having  seen  a  diamondback  off  the  Georgia 
coast,  a  mile  and  a  half  from  shore,  between  a  barrier  island  and  the  mainland. 

Carr  (1940,  p.  95)  says  they  have  been  taken  in  mackerel  nets  several  miles  out 
in  the  Gulf  of  Mexico.  S.  C.  Clarke  (1881,  p.  406)  saw  a  .5-foot  diamondback 
swinmiing  a  salt-water  sound  1  to  2  miles  wide.  As  his  boat  approat  hed,  the  snake 
swam  toward  it.  Loennberg  (1894,  p.  335)  says  they  frequently  swim  from  key  to  key. 
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Northern  Pacific  Rattlcsnahc  (C.  v.  orcganus), — 'Some  species  of  ralllcis  that  swim 
lakes  aiKl  ri\  ci  s  also  may  cover  considerable  distances,  as  in  the  case  of  this  north- 
ern Pacihc  rattler: 

Last  \]iril,  at  l  ake  Millcrton,  1  oltsci \c<l  a  snake  swinimiiif?  in  the  water  and  th(>ti<;hl  it  a 
gopher  snake.  I'pon  going  to  the  point  ulicre  it  landed  on  shore,  I  saw  it  was  a  l-foot 
rattler.  It  swam  with  ease  and  had  evidently  come  from  the  opposite  shore,  a  distance  of 
300  or  400  yards.  Paul  J.  Kehrer,  Warden,  Fresno,  Calif. 

Mexicnn  Lnncc-I leaded  Rat tie.sfiahe  (C  |}()ly>.li(  tus). — Lililc  is  known  about  this 
rattlesnake;  it  may  be  seniiacjuaiit,  judged  by  the  following  report  ironi  I*aul 
D.  R.  Ruthling  of  Santa  Fe,  New  Mexico: 

The  polysticlus  which  I  collected  at  the  mouth  of  Rio  Lerma,  Lake  Chapala,  Jalisco.  Mexico, 
were  extremely  abundant  among  the  rushes,  of  which  there  were  two  kinds,  the  flat  and 
the  round.  In  almost  every  clump  of  the  round  rushes,  these  snakes  were  found.  This  was 
in  flooded  swamp  land,  and  the  snakes  were  above  the  water.  They  uoidd  usn.dlv  di\e  into 
the  water  when  approached,  but  sometimes  they  would  allow  the  canoe  to  come  within 
arm's  readi.  All  specimens  were  far  from  land.  At  the  time.  I  did  not  realize  the  value  of 
the  find,  and  thiniung  them  a  very  common  species,  did  not  collect  as  many  as  I  could  have 
secured. 

South  American  Rattlesnake  (C.  d.  terrificus). — Clark  (1953,  p.  30)  saw  a  rattle- 
snake swimming  in  one  of  the  remote  tributaries  (the  Ucayali)  of  the  upper  Ama- 
zon River  in  Peru.  He  believes  the  South  American  rattler  to  be  semiaquatic  (p. 
340),  which  is  certainly  not  true  of  terrificus  over  most  of  its  range,  for  it  is  most 
prevalent  in  arid  places.  Of  course  there  might  be  an  unknown  species  or  sub- 
species of  distinctive  habits  in  the  rarely  explored  sources  of  the  Ucayali  River, 
but  if  there  were  aquatic  rattlers  in  .Somh  Anui  ita,  they  might  well  be  expected 
along  the  lower  Amazon.  \o  doubt  terrificus  can  swim  well  enough  when  the 
necessity  arises  at  a  lime  of  flood,  for  this  is  true  of  all  rattlesnakes,  but  this  does 
not  indicate  that  it  is  ac^uaiic. 

Tales  of  Swimming  Rattlesnakes 

Among  the  decidedly  doubtful  stories  of  the  prevalence  of  rattlers  in  water  are 
the  following: 

Catlin  (1868,  p.  12)  says  th.it  rattlers  were  .seen  in  Peini^  I mia  to  cross  rivets 
and  lakes  by  the  hundreds  and  thousands  on  the  way  to  their  dens.  Anon.  (1873, 
p.  125)  tells  of  a  man  rowing  out  in  I  ake  George,  \cw  ^'ork,  and  killing  29 
rattlers.  Lugger  (188.'^,  j).  2()())  e.vpresses  the  erroneous  belief  that  rattlers  take 
to  water  only  when  chasing  prey  at  night.  Kvers  (19.')1,  p.  110)  l)elieved  that  rat- 
tlers would  not  tro.ss  riuuiing  water  unless  a  bridge  was  proviiled. 

Another  story  requiring  confirmation  is  that  of  West  (1929.  p.  35),  who  reports 
that  a  timber  rattler,  swimming  in  a  river,  paused  and  coiled  when  he  whistled 
at  it  at  a  distance  of  SO  feet.  Swimming  moccasins  will  stop  at  a  whistle  nine 
times  out  of  ten,  according  to  West. 

Carmer  (1936,  p.  321)  found  a  backwoodsman  in  upper  New  York  who  pleasantly 
combined  two  myths  when  he  told  of  a  mother  rattler  which  protectively  swal- 
lowed hei  young  antl  then  transported  tiiera  across  Lake  George  with  her  tail  in 
the  air,  raitltug  like  an  outboard  motor. 
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Danger  from  Swimming  Rattlesnakes 

Although  thefe  can  be  no  doubt  as  to  the  swimming  ability  of  rattlesnakes,  they 
can  be  easily  avoided  by  anyone  in  a  boat  having  a  weapon  or  means  of  propul* 
sion.  Lac^p^de  (1788-89,  vol.  2,  p.  415;  Kerr,  1802,  vol.  4,  p.  272;  Daudin,  1801-4, 
vol.  5,  p.  S09)  was  greatly  exa^erating  when  he  stated  that  they  swim  with  the 
speed  of  an  arrow,  and  endanger  people  in  small  boats.  Concci\ :tl)]\  a  rattler, 
tired  from  swimniitig,  might  try  to  climb  into  a  boat,  but  it  ^vollld  be  easy  tO 
thrust  it  oil  with  an  oar  or  stick.  Fishermen  on  the  freshwater  lakes  of  .San  Diego 
County  are  soim  tinies  badly  frigliK  netl  b\  souihci  n  Pac  ifit  and  red  diamond  rat- 
tlers that  swim  near  the  boats.  Aitiiough  the  mo>>t  sinister  moti\es  are  attributed 
to  these  naval  attacks,  we  may  be  sure  that  a  rattler,  if  it  approaches  a  boat,  is 
only  seeking  a  temporary  resting  place. 

Although  a  rattlesnake  could  bite  under  water,  a  person  must  be  careless  indeed, 
who  would  get  near  enough  to  a  swimming  rattler  to  be  within  its  striking  range 
and  then  proceed  to  annoy  it  into  biting.  Payne  (1872.  p.  223)  and  Ellzey  (1884, 
p.  253)  have  reported  fatal  water-moccasin  bites  in  water,  but  these  snakes  are 
far  more  prevalent  and  at  home  in  water  than  rattlesnakes. 
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INTRODUCTION 

Who,  in  wandering  ahoui  the  liills  in  search  of  raitlc^nakcs,  has  not  wished  for  a 
special  Geigcr  counter  responsive  to  some  unknown  Croialus  emanation,  whereby 
he  might  locate  every  rattler  in  the  area,  hidden  though  it  might  be,  in  the  weeds, 
under  a  stone,  or  down  some  mammal  hole?  For  the  secretiveness  of  these  snakes 
keeps  them  in  hiding  much  of  the  time,  and  even  when  in  the  open  their  pro- 
cryptic  color  patterns  make  them  difficult  to  see.  Altogether,  the  most  experienced 
hunter,  except  at  denning  time,  or  in  a  sandy  desert  where  they  may  be  tracked, 
will  never  find  more  than  a  small  fraction  of  the  rattlers  in  his  area. 

Necessarily  oin-  k.nowledi;c  of  rattlesnake  population  densities  is  (juiic  inade- 
quate, for  the  teehnicjuc  jjiotliutixe  of  the  most  acduate  data,  tliat  of  tagging, 
releasing,  and  recapturing  as  many  individuals  as  may  be  found,  reijuires  a  long- 
range  program,  and  has  only  begun  to  be  applied.  Also,  with  venomous  snakes 
such  as  rattlers,  this  experiment  should  never  be  countenanced  except  in  remote 
areas  where  there  will  be  no  danger  to  persons  or  livestock  from  the  snakes 
released.  But  at  least,  from  the  data  at  hand,  we  may  learn  something  as  to  the 
proportion  of  snake  populations  that  rattlesnakes  comprise,  and  whether  two  or 
more  species  may  commonly  occupy  the  same  ecological  niche.  Ff)r  much  is  being 
learned  of  the  chaiacter  of  the  surroundings  frequented  by  tlie  different  kinds 
of  rattlers. 

The  Importance  of  Ecological  Factors 

In  a  study  of  rattlesnake  populations,  it  will  be  desirable,  first,  to  discuss  their 
ecology,  the  habitats  wherein  they  are  found,  and  the  conditions  that  govern 
their  lives  and  limit  their  spread.  A  preliminary  survey  of  rattlesnake  ranges  makes 
it  c\  ident  immediately  that  the  various  species  and  subspecies  are  subject  to  quite 

diifetent  ecological  requirements  and  limitations. 

Rattlesnakes  are  restricted  to  the  New  \Vorkl:  they  have  a  vast  range  in  the 
Americas  from  Lat.  51°  X.  to  Lat.  85°  S.  In  this  area  lliev  ocdipy  many  different 
types  of  terrain — deserts  and  jungles,  valleys  and  mountains,  sand  dunes  and 
fcnvsts,  mainland  and  islands.  But  no  single  species  includes  all  of  these  habitats 
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in  its  langc;  lliis  wide  variation  appt  i  tains  only  to  the  i  altlesnakis  as  a  group. 
Each  spccie-s  has  rctpiin  ini  nts  ol  its  own,  soinctiiiics  cjuilc  rcsiricli\c.  in  others 
more  inchisive.  To  be  definite  as  to  these  requirements  it  is  necessary  to  discuss 
habitats  by  species,  rather  than  in  a  group  generalization,  and  this  I  shall  do, 
although  some  repetition  is  thereby  involved. 

If  there  is  one  generalization  which  may  safely  be  expressed  it  is  that,  by  and 
large,  rattlesnakes  live  in  dry  areas.  Although  there  are  specific  exceptions,  to  be 
mentioned  in  chic  (ourse,  most  species  and  jirobahly  more  individuals,  are  to  be 
found  in  arid  places.  Deserts,  grassy  jilains,  and  brushy  or  rocky  hills  aj)pcar 
to  be  more  suitable  lor  rattlesnakes  than  areas  (lothed  with  trees.  Ii  is  lor  this 
reason,  as  well  as  because  oi  varied  topography,  that  Arizona  (oiitams  more 
species  and  subspecies  than  any  other  state,  and  that  many  species  are  restricted 
to  the  southwestern  United  States  and  northwestern  Mexico. 

The  primary  factors  affecting  distribution  are  food  supply,  climate,  and  refuges. 
Rattlesnakes  live  to  a  large  extent  on  small  mammals,  with  lizards  as  the  second 
most  important  (oniponent  of  diet — indeed,  the  most  important  in  the  case  of 
some  sfiecics  and  the  juveniles  of  others.  Ranges  and  popuhition  densities  arc 
first  of  all  de|)endent  on  food  availability.  With  respec  t  to  icinjx  rature,  it  should 
be  |)ointed  out  that  rattlers,  like  other  rc-ptilis.  haxini;  no  metabolic  teinpera- 
tuie-control  similar  to  that  which  renders  birds  and  mammals  so  independent 
of  exterior  temperatures,  must  confine  their  activities  to  times  and  places  where 
air  and  ground  temperatures,  and  radiation,  are  such  as  to  produce  body  tem- 
peratures within  a  relatively  narrow  range — say  65®  to  95^*  F.  (18.3*  to  35®  C). 
Temperatures  too  low  are  more  serious  than  those  too  high;  to  avoid  high  tem- 
peratures the  snakes  can  and  do  take  refuge  in  ground  holes,  rock  crevices,  or 
the  dense  shade  of  l)iush,  restricting  their  pursuit  of  |)rev  to  the  night  hours. 
BlU  in  a  subopt iinum  iciiiperaiui e  there  is  no  escape  Iroiu  an  ini  \iial)le  lethargv 
and  e\cn  immobility;  digestion,  muscular  activity,  and  the  reproductive  piocesses 
slow  down  or  cease.  Against  these  effects,  a  winter  den  is  only  a  place  where 
immobility  can  be  made  safe  but  may  not  be  prevented.  Thus  rattlers  cannot  live 
in  places  where  the  season  of  adequate  temperatures  is  too  short  for  fat  accumu- 
lation, growth,  and  reproduction. 

Changing  climates  of  the  distant  past  have  produced  tlie  discontinuities  in  the 
ranges  of  the  rattlesnakes  as  we  see  them  today,  such  as  that  of  tlie  Arizona  black 
rattlesnake  (C  r.  rrtbmis)  in  Ari/cjna.  where  it  is  now  restricted  to  the  timbered 
areas  of  the  cential  section  and  a  few  mountain  raises  of  the  south,  this  popula- 
tion having  become  separated  b)  intci\ciiing  deserts  from  its  cIcjsc  relative,  the 
southern  Pacific  rattler  (C.  v.  helleri^  along  the  «>uthem  California  coast.  Other 
examples  are  the  montane-island  populations  of  the  Arizona  twin-spotted  rattler 
(C.  p.  pricei),  the  banded  rock  rattler  (C.  L  klauberi),  and  the  Arizona  ridge-nosed 
rattler  (C.  w.  loillardi)  in  the  mountains  of  southeastern  .Arizona 

Ecological  changes  produced  b\  man,  particidarly  in  agriculture,  generally 
result  in  conditions  less  laxoiable  to  rattleis  than  the  original  primitive  condi- 
tions lo  wliich.  through  the  ages,  thev  had  become  inured,  so  that  land  clearance 
and  cultivation  usually  decrease  the  rattler  population,  even  though  there  inav 
be  an  increase  in  the  food  supply.  And  there  arc  not  only  the  changes  in  sur- 
roundings and  the  destruction  of  refuges  to  be  counterbalanced,  but  the  ever- 
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present  enmity  of  man  and  his  domestic  animals.  For  example,  the  niassasauga, 
once  common  on  the  fjraiiics  of  the  upper  Mississippi  V'alley  states,  has  now 
retreated  into  tiic  marshes  or  wastelands;  the  side\vinder  has  disappeared  from 
the  irrigated  sections  of  the  Imperial  and  Coachella  valleys  in  southern  California, 
although  still  common  in  the  adjacent  desert;  and  the  prairie  rattlesnake  has 
been  driven  out  of  the  farm  lands  of  Kansas  and  Nebraska. 

Although  human  occupation,  with  agricultural  and  industrial  developments, 
has  now  eradicated  rattlers  from  many  extensive  areas  they  once  frequented, 
it  is  of  interest  to  note  that  in  primitive  times  few  sections  of  the  United  States 
were  not  tenanted  l)y  at  least  owr  species  of  rattlesnake.  Aside  from  the  mountain 
peaks — above  1 1,000  feet  in  (ialilornia  and  9,000  fei  t  in  most  other  areas — the  only 
unoccupietl  places  were  northern  and  eastern  Maine,  northeastern  Wisconsin, 
upper  Michigan,  noitheiii  Minnesota,  northeastern  North  Dakota,  northwestern 
coastal  Oregon,  and  western  Washington.  It  is  probable  that  in  pre-Columbian 
days  at  least  some  part  of  every  state  was  inhabited  by  rattlesnak^.  Some  of  the 
extirpations  occurred  at  a  comparatively  early  date.  For  example,  Kalm  (1752-53, 
p.  132;  1758,  p.  286)  commented  that  rattlers  were  even  then  rarely  seen  about 
settled  comnninitics.  Dwight  (1823,  p.  29)  said  that  jjeople  in  New  England  and 
New  York  no  longer  had  cause  to  feel  any  anxiety  about  them. 

Rattlesnakes  have  l)een  quite  successful  in  maintaining  themselves  on  some 
islands,  pailicularlv  olf  the  coasts  of  California  and  Baja  California.  Although 
some  of  these  colonies  may  have  residted  from  implantations  subsetpient  to 
insular  separation,  it  is  probable  that  many  of  them  predated  such  separation. 
These  island  populations  have  gradually  diverged  in  character  from  their  main- 
land  congeners  until  several  have  justified  specific  or  subspedfic  recognition. 
Others  show  recognizable  differences  which  do  not  yet  warrant  nomendatorial 
s^egation.  The  same  is  true  of  some  of  the  montane-island  forms. 

RAiNGES 

Range  LiMrrs 

One  should  never  presume,  from  a  range  map,  that  the  animal  whose  range  it 
pur{)orts  to  show  is  to  be  found  everywhere  within  the  cross-hatched  area.  Even 
a  map  with  dots  to  indicate  the  localities  where  the  creature  has  been  observed, 
fails  to  reveal  how  sporadic  and  interrupted  such  ranges  usually  are.  For  there 
is  a  great  ecological  variation  and  consequent  habitability  or  inhabitability  in 
almost  every  area,  quite  hcyoiul  the  capacity  of  any  map  to  disclose,  unless  a 
prohibitively  large  scale  he  used.  F.\en  in  an  area  of  once  uniform  characteristics, 
there  uic  cliangcs  wiuiiglii  by  liuiimii  aLlivitic:> — glaring,  agriculiuic,  iiriguiiuu, 

fires,  and  other  conditions  that  produce  local  diversity. 

So  the  experienced  collector  views  a  range  map  only  as  the  outline  of  an  area 
in  some  ecological  niches  of  which  a  certain  animal,  such  as  a  kind  of  rattlesnake, 
may  be  or  was  once  found,  not  as  a  district  in  every  part  of  which  it  will  be  found. 
Look,  for  example,  at  the  map  of  such  an  expanse  as  the  Mojave  Desert.  Here 
we  have  a  vast  plain,  up  through  which  protiiide  numbeiless  scattered  mountain 
peaks  and  chains.  Any  range  map  would  show  the  sidewinder,  the  Mojave  rattler. 
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aiul  llic  soiithut  sici  II  speckled  rattler  as  oc(  Uj)\iiit;  tliis  (crrilory,  hut  it  would 
fail  to  disclose  the  fact  that  the  first  two  li\c  almost  entirely  on  the  Hats,  and 
the  last  near  or  in  the  mountains.  Similarly,  the  little  Arizona  twin-spotted  rat- 
tlesnake* the  banded  rock  rattlesnake,  and  the  ridge- nosed  rattler,  though  found 
over  a  considerable  territory  in  southeastern  Arizona,  actually  occupy  quite  re* 
stricted  sections  of  a  few  rather  short  mountain  ranges.  It  would  be  almost  as 
astonishing  to  Hnd  one  of  these  rattlers  on  the  plains  between  the  ranges  as  to  find 
it  in  South  Dakota. 

In  addition  to  these  l)roader  habitat  s(  )(•(  tions,  there  are  others  more  local  in 
nature,  lor  s(»me  species  o[  rattlers  prefer  I)iu>li.  whereas  others  in  the  same  disliict 
may  be  hugely  restricteil  to  rcjcks  or  to  sandy  washes.  1  hese  prelerences  are  olten 
difficult  to  determine  with  accuracy  except  by  continuous  local  observation,  and 
even  then  an  occasional  sti  ay  ^viIl  complicate  the  record.  When  these  local  prefer- 
ences are  taken  into  consideration,  we  find  that  there  may  be  less  competition 
or  overlapping  between  rattlers  than  might  be  presumed  from  the  maps.  Despite 
tlie  fact  that  some  17  species  and  subspecies  of  rattlesnakes  are  found  in  Arizona, 
1  know  of  no  phuc  where  more  than  0  orriip\  the  same  ecological  ni(  he  in  any  area. 

'I  hc  rt>asons  for  range  limits  may  <>r  m;i\  not  be  a|jparent.  Limitations  premised 
on  fooil  supply  or  (o\er  arc  the  casie^l  to  explain.  Knemies  and  competitors  may 
be  important  factors.  Some  hniits  are  explicable  on  the  basis  of  ecological  dif- 
ferences, although  we  can  seldom  go  behind  these  di£Eerences  and  explain  just 
why  the  rattler  in  question  cannot  survive  in  the  different  situation  beyond  its 
range.  For  example,  the  sidewinder  is  essentially  a  desert  snake,  and  we  may 
assume  that  its  particular  bodily  form,  method  of  locomotion,  and  the  other 
characteristics  that  render  it  efficient  under  desert  coiuliiions,  prevent  it  from 
extend inq-  its  vAn^v  into  nondcscrt  territories.  \Vheiher  tliis  is  because  it  suffers 
in  coinj)et ilion  with  Itss  lii,L;lil\  speciaii/ed  loinis  oi  ol  something  inherent  in 
its  reaction  to  tempeiatuie  and  humidity  is  not  known,  liut  at  least  we  can  say 
that  it  is  a  desert  snake  and  does  not  live  in  nondesert  areas,  Iiowcver  lacking  in 
basic  reasons  such  a  statement  may  be. 

But  other  range  terminations  or  gaps  that  we  observe  in  rattlesnake  ranges 
are  less  easily  explained.  Why  is  not  the  Mojave  rattlesnake  found  in  the  Colo- 
rado Desert,  an  area  that  seems  so  similar  to  manv  territories  in  whic  h  it  thrives? 
W'hv  has  not  the  western  diatiiond  rattler  itnaded  the  diseit  foothills  of  the  .San 
Jacinto  Mountains  of  Cialifoi  tiia.  whi«  h  resemble  m.my  of  its  Arizona  habitats 
and  which  are  only  a  few  miles  fiom  sand  dunes  where  it  is  pletitiiulr  These 
range-limitation  problems  are  seldom  to  be  explained  upon  tlie  supposition  that 
the  species  in  question  has  not  had  time  to  expand  its  range  into  the  unoccupied 
territory.  There  are  too  many  indications  of  an  occasional  entry  with  failure  to 
become  established.  Usually  range  limits  are  basically  a  question  of  adaptability; 
no  doubt  some  particular,  but  [)ossiblv  obscure,  ecological  condition  is  crucial. 

One  interesting  efifect  of  adaptability  is  that  two  or  three  species  of  rattlesnakes 
that  seem  to  thrive  e(]iiallv  ^vell  in  a  certain  aiea-  lor  example  licUrri,  ruber, 
and  j/yrrln/s  in  the  western  toothills  of  San  Diego  Countv,  California  mav  ha\e 
cjuite  diltercnt  range  limits  elsewhere;  each  thrives  in  some  territories  which  the 
others  find  inhospitable;  each  must  have  its  own  crucial  limitation  factor. 

Although  there  is  no  question  that  some  species  of  rattlers  are  more  adaptable 
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than  others,  curiously  enough  there  seem  to  be  instances  wherein  a  single  sub- 
species is  more  adaptable  in  one  part  of  its  range  than  another.  This  is  true,  for 
example,  of  tlic  Mojavc  ratilcsnakc  in  Los  An^iclcs  Cyninty,  Cialifornia,  as  com- 
pared witli  the  same  subsjK'cics  in  \'a\apai  ('ouiilx,  Aii/ona;  llic  laiicr  seems  able 
to  withstand  more  variable  conditions — at  least  it  has  invaded  rocky  foothills 
and  even  mountains  in  Arizona,  whoreas  terrain  of  similar  character  acts  as  a 
barrier  in  California. 

One  of  the  requirements  of  rattlesnakes  for  the  occupation  of  a  territory  is 
adequate  refuges  from  adverse  weather  and  from  enemies.  Thus,  in  northern 
dimates  there  must  be  suitable  dens  for  hibernation,  s  )  iliai  fice/ing  and  ex- 
posure to  enemies  while  the  snakes  are  helplessly  imniubili/ed  may  be  avoided. 
In  all  areas  where  the  diurnal  lemperature  exceeds  that  Avhich  the  snakes  (an 
withstand,  and  this  is  lower  than  most  people  presume,  there  must  be  rcluges 
against  the  heat,  and  particularly  the  direct  rays  of  the  sun.^  C.  H.  Pope  (1946, 
p.  10)  points  out  that  a  forest  or  other  overhead  cover  permits  a  snake  to  move 
at  will  from  sun  to  shade,  thus  affording,  within  limits,  an  efficient  means  of 
temperature  control.  Finally,  there  must  be  available  refuges  from  enemies,  such 
as  hawks  and  hogs.  Rattlesnakes  are  usually  timid  and  have  a  habit  of  conceal* 
ment,  and,  unless  actively  engaged  in  the  pursuit  of  food  or  mates,  are  likely  to 
spend  most  of  their  existence  in  secluded  retreats. 

Some  range  limits  aic  a  matter  of  present  accessibility.  There  aie,  lor  example, 
a  number  ol  mountain  ranges  in  Arizona,  where  some  of  the  mountain  species 
not  present  would  no  doubt  thrive,  but  these  woodctl  heights  arc  now  inacces- 
sible because  of  the  intervening  arid  plains  that  isolate  them  from  the  mountains 
where  the  montane  species  do  occur.  Whether  they  ever  tenanted  these  unused 
mountains  at  a  time  when  the  climatic  conditions  permitted  them  to  reach  the 
peaks  they  now  occupy,  and,  if  so,  why  they  failed  to  persist  on  some  peaks,  is  not 
known. 

Where  range  limits  involve  rather  steep  ecological  gradients,  it  is,  of  course, 
fairly  easy  to  fix  them,  though,  when  one  is  actually  on  the  ground,  it  is  often 
difTicidt  to  sec  why  the  next  mile  woidd  not  ha\e  l)een  equally  habitable.  But 
sometimes  the  limit  seems  to  be  quite  inexplicable;  here  the  species  is  to  be 
found — over  there  in  what  seems  to  be  the  same  kind  of  surroundings  it  is  absent. 
We  can  only  guess  that  there  is  effective  some  deterring  feature  of  climate,  food, 
or  shelter,  whose  presence  or  efifect  is  not  apparent 

Smne  limits  are  really  nonexistent — ^they  are  nomenclatorial  only.  Thus,  for 
purposes  of  definition  and  description,  we  may  divide  a  species  into  two  sub- 
species  and  fix  a  range  limit  along  the  center  of  the  intergradation  strip  between 
them.  But  actually,  as  far  as  the  sjiccies  is  concerned,  there  is  no  boundary  here. 
Sometimes  the  fact  that  intergradation  bct^vc•cn  subspecies  is  normal  is  not  mulcr- 

stood;  it  has  been  confused  with  hybridization  between  species  (e.g..  Noble,  1954, 
p.  42). 

Taken  as  a  single  group  comprising  two  genera,  the  rattlesnakes  are  plastic 
and  polymorphic;  they  have  become  adapted  to  a  variety  of  environmental  con- 

'  Although  desert  rattlesnakes  seek  gruund  hdes  at  times  of  extreme  temperatures,  ilicy  prdb* 
ably  come  out  at  night  (toward  morning  in  summer)  whenever  the  need  for  food  requires!  There 
is  no  indicatkm  of  true  estivation. 
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ditions.  The  division  ol  species  into  siibsjjctics  is  so  .subjective  an  art  that  it  is 
haiclly  Icasible  to  cvahiaic  sptcies  j)laslicity  on  a  basis  of  the  number  ol  sub- 
species into  which  a  species  has  been  divided.  But  it  is  c  lear  that  there  is  some 
correlation  between  plasticity,  as  evidenced  by  intraspecific  character  variation, 
and  ecological  range,  meaning  by  the  latter,  not  territorial  range  so  much  as  the 
diversity  of  the  ecological  conditions  accepted.  The  outstanding  example  of  plas- 
ticity among  the  rattlers  is  the  wide-ranging  western  rattlesnake  (C.  virldis)  and 
its  subsjiecies;  whereas  the  sidewinder  (C.  cerastes)  is  an  example  of  a  snake  having 
great  uniformity,  in  both  its  characteristics  and  the  terrain  wherein  it  lives. 

Altitudinal  Range 

In  this  separate  section  on  the  altitudes  attained  by  rattlesnakes,  I  shall  mention 
only  the  altitudes  achieved  by  whatever  subspecies  reaches  the  highest  points, 
first  in  the  Appalachians,  then  from  the  Rockies  to  the  Pacific,  and  finally  in 
Mexico  above  11,000  feet.  The  purpose  of  this  special  treatment  of  altitudes  is  to 
give  sportsmen  and  fisln  imrn  (w  ho  are  seldom  interested  in  species  differences) 
some  knowledge  of  the  heiulits  .ibo\e  which  thev  need  no  longer  be  on  the  lookout 
for  rattlcis  of  any  kind  J  his  se|)aiatc  discussion  will  also  serve  to  eniph;isi/e  the 
fact  that,  while  not  coiuiuoii  at  lii<;h  ahitudes.  rattlesnakes  do  reacli  heii^lits  al)ove 
those  wiiere  they  are  popularly  presumed  to  exist.  The  only  safe  general  rule  is 
to  be  on  the  lookout  for  rattlers  in  the  warm  season  on  any  mountain  in  the 
United  States  up  to  10,000  feet,  except  in  California  where  the  range  is  extended 
to  11,000  feet.  In  Mexico,  one  small  subspecies  attains  an  elevation  of  at  least 
14,500  feet.  As  to  the  heights  reached  by  other  kinds  of  rattlesnakes  that  do  not 
hold  the  altitude  records  in  these  three  sections  of  North  America,  their  alti- 
tudinal ranges  will  be  mentioned  in  connection  with  descriptions  of  other  phases 
of  the  hal)Uats  in  whicli  they  occur. 

Ihc  altitude  attained  by  rattlesnakes  is  of  considerable  interest  to  sportsmen 
and  campers,  for  they  feel  reassured  when  they  are  at  an  elevation  at  which  they 
no  longer  need  be  on  the  watch  for  rattlers.  Wyman  (1892,  p.  588)  said  he  always 
pitched  his  camps  above  the  snake  line,  if  possible.  In  many  western  mountain 
areas,  rattlesnakes  occur  higher  than  most  people  assume  to  be  the  case.  The 
heights  reached  are  dependent  on  the  rattlesnake  species  that  inhabit  the  area, 
and  the  montane  climates  Species  reaching  the  maxinnnn  altitudes  are  generally 
those  that  liave  wide  latitudinal  ranges:  also  thev  are  the  ones  exhibiting  adapta- 
bility W'ith  icspect  to  lf)cal  habitat  conditions,  including  an  ability  to  survive 
in  rocky  areas.  1  he  most  notable  of  these  species  arc  the  timber  rattlesnake 
(Crotalus  horridus  horridus)  in  the  .Appalachians;  the  western  rattlesnakes  (Crot- 
alus  viridis  and  its  subspecies)  in  the  Rockies,  Great  Basin,  and  Sierra  Nevada; 
and  the  Mexican  dusky  rattlesnake  {Crotalus  triseriatus)  in  Mexico. 

As  one  proceeds  north,  the  maximum  elevations  reached  by  tattlers  decline, 
just  as  the  timber  line  is  lower,  and  for  the  same  reasons.  I  he  local  tonditions 
of  winds  and  exposures  that  limit  \(gctation  will  also  pre\ent  any  rattler  tenancy 
of  high  jjoints.  These  affect  the  lootl  sujjplv,  ctnupiising  small  inanunals  and 
lizards,  and  the  growing  season,  which  must  be  long  enough  for  the  snakes  to 
reproduce,  although,  for  this,  two  summers  may  be  recjuired.  It  should  be  remem- 
bered that  snake  activity  and  metabolism  are  far  more  affected  by  external  tem- 
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peratines  than  arc  those  o£  wann-blooded  animals  such  as  birds  and  mammals, 
with  their  sclf-rcgulating  temperature  mechanisms. 

Such  (lata  as  I  ha\c  been  able  to  accumulate  from  my  own  correspondents  or 
from  published  statements  regarding  the  three  record-holding  species  of  rattlers 
are  as  follows: 

Timber  Rattlesnake  (C.  h.  horridus).— Let  us  first  consicUr  the  Appalachian 
Mountains.  At  the  northern  end,  in  the  New  England  states  and  New  York,  it  is 
doubtful  that  rattlesnakes  reach  the  highest  peaks;  lor  alihough  the  snakes  have 
now  been  limited  by  the  inroads  of  agricuhurc  anil  uidustry  to  primitive  and 
rocky  areas,  and  the  highest  points  would  furnish  refuges  of  this  kind,  these  are 
climatically  too  inhospitable.  But  in  the  southern  Appalachians  the  conditions 
are  more  favorable,  and  it  is  probable  that  timber  rattlers  are  found  dose  to, 
if  not  at,  the  very  highest  points.  (Ml  Mitchell,  North  Carolina,  elevation  6.684 
feet,  is  the  highest  point  east  of  the  Mississippi  River.)  My  correspondents  in 
this  area  have  furnished  the  following  high  records: 

Last  month,  while  marking  timber  at  an  elevation  of  4.300  feel.  I  encountered  a  ratUeanake 
in  blackberry  briers.  C.  R.  Carr,  U.  S.  Forest  Service,  Richwood,  W.  Va. 

I  have  killed  limber  rattlers  at  all  altitudes  up  to  4,000  feet  on  Beaver  Lick  and  Back 
Allegheny  Mountains.  Beaver  Lick  tower,  where  I  have  been  a  guard  in  the  fire  season, 
is  built  on  a  diS  of  quamtte  todk,  Sj662  feet  in  altitude.  It  was  once  a  snake  den.  /.  W. 
Crigger,  V.  S.  Forest  Service,  Huntersvilte,  W.  Va. 

Alwnit  the  highest  elevations  we  have  in  this  region  are  6,000  feet.  We  find  rattlers  right 
on  the  highest  tops.  However,  they  are  never  as  plentiful  as  on  some  of  the  lower  slopes. 
John  H.  Stanley,  U,  S.  Forest  Sermee,  Andrews,  N.  C 

•o- 

The  highest  point  in  the  Nantahala  Forest  is  Wayah  Bald,  altitude  5,S16  feet.  There  is  a 

lookout  on  the  peak  and  a  luiiiiber  of  rattlers  have  been  killed  under  the  tower.  £.  A. 
Schilling,  U.  S.  Forest  Service,  Franklin,  N.  C. 

In  this  section  1  have  seen  rattlers  rattier  thick  on  the  higher  slopes,  very  close  to  the  top 
«f  a  5.000  foot  mountain.  Bryee  Ledford,  U.  S.  Forest  Service,  Tellico  Plains,  Tenn. 

This  is  10  confirm  the  report  previously  given  you  of  a  rattlesnake  killed  on  Inadu  Knob 
on  August  16.  1932.  It  was  within  100  feci  (^sinfa<  e  mcnsuremrni  i  of  the  siiminit.  uhit  h  is 
5,9il  feet  in  elevation.  This  is,  by  far,  the  highest  elevation  at  which  I  have  seen  a  rattle- 
snake or  other  poisonous  snake  in  the  Great  Smokies.  Arthur  Stupka,  Great  Smoky  ilfoun* 
tains  National  Park,  Catlinburg,  Tenn. 

I  have  also  had  reports  oi  rattlers  near  the  j^eaks  of  Spruce  Mountain  (4,8GO 

feet),  Pocahontas  County,  West  Virginia;  and  on  Elliott  Knob  (4,473  feet),  and 
the  Apple  Orchard  and  Warm  Springs  mountains  (at  about  4,200  feet),  Virginia. 
As  to  published  records.  King  (1939,  p.  578)  mentions  a  rattler  taken  in  the  Great 
Smoky  Park  at  an  altitude  of  5,500  feet.  He  says  they  are  uncominon  above  5,000 
feet.  The  conclusion  appears  justified  that  in  the  southern  Appalachians  the 
tinihcr  rattlesnake  certainly  occurs  up  to  6,000  feet,  and  may  actually  reach  the 
highest  peaks. 
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The  subspecies  C.  h.  atricaudatus,  the  cancbrake  latilcsnake,  is  essentially  a 
lowland  form,  and  does  not  attain  the  altitudes  reached  by  its  dose  relative  C.  h» 
horridus,  the  timber  rattler 

Western  Rattlesnake  (C.  viridis). — From  the  Rocky  Mountains  to  the  Padfic 

Coast,  the  akiiude  records  in  every  state  are  held  by  some  subspecies  of  the  western 
rattlesnake  (C  viridis),  an  adaptable  and  wide-ranging  reptile.  Some  o£  thcsc 
records,  segregated  by  subspecies  and  by  states,  are  as  follows: 

Prairie  Rattlesnake  (C.  v.  viridis) 

Rattlesnakes  can  be  found  over  the  entire  county  up  to  elevations  of  7,000  feet.  T.  A.  Clapp, 
V.  S.  Fwat  Service,  Warren,  Mont. 

o 

Rarcly  are  rattlers  found  above  altitudes  of  6300  feet.  A.  L.  Olson,  U.  S.  Forest  Serviee, 

Gardiner,  Mont. 

The  country  here  is  very  rough  and  rugged.  I  have  killed  ratdesnakcs  at  8,400  feet  elevation. 
John  W,  Warren,  V,  S,  Forest  Serviee,  Hamilton,  Mont. 

o 

I  have  never  seen  a  rattler  above  9300  feet.  Ellen  Johnston,  V.  S.  Fish  and  Wildlife  Service, 
Shelby,  Mont. 

■o 

Tbrottghout  the  east  slopes  of  the  mountains  in  central  Wyoming,  the  laiilesnakes  go  up 
only  to  abom  7i20O  teL  On  the  west  dopei  they  prol>ably  gp  50O  feet  higher,  due  to  the 
warmer  exposure.  Bly  JHekson,  U.  S.  Forest  Senriee,  Dayton,  Wyo. 

o 

I  do  not  think  that  I  1i.t\c  ever  seen  a  rattlesnake  here  in  Wyoming  above  8300  feet.  It 
seems  to  he  um  cool  m  ni^ht  for  them  here  when  they  get  too  high.  Eddie  Buchta,  U,  S. 
Fish  and  Wildltjc  Ht  wice,  Monela,  IVyo. 

o- 

The  highest  devatkm  at  which  I  have  seen  rattieri  is  on  Battle  Motmufai,  about  eighty 
miles  south  of  here,  which  has  an  elevation  of  9,103  feet.  There  is  an  exceptionally  large 
number  of  rattlers  on  this  mountain,  and  they  have  dens  there.  William  Lakanen,  Came 

Warden,  Rawlins,  Wyo. 

Another  Wyominc;  higli  point  mentioned  by  a  corrcsjjondcnt  is  North  Fork 
of  Paintrock  Creek  at  8,200  feet,  Bighorn  Mountains,  Bighorn  County.  The  Denver 
Post  of  July  11,  1919,  said  the  Ici^cnd  that  rattlers  could  not  exist  in  high  country 
had  been  rudelv  shattered  the  week  before,  when  a  sheeplierdcr  on  Pole  Moun- 
tain, Wyoming,  above  8,000  feet,  had  been  bitten  by  a  rattler. 

It  has  been  my  observation  that  rattlesnakes  range  throughout  the  suitable  areas  of  this 
district  of  the  Roosevelt  National  Forest,  up  to  an  altitude  of  about  7.000  feet.  The  localities 
are  influenced  by  habitat  requirements,  for  they  prefer  rocky,  warm,  sunny  exposures.  H.  A. 
Payson,  U.  5.  Forest  Service,  Estes  Park,  Colo. 

o 

Rattlesnakes  are  seldom  seen  above  7300  feet  in  elevation  in  this  country,  except  that  occa- 
sionally they  may  be  found  on  dry,  rocky,  south  and  east  slopes  up  to  8,000  feet.  E.  S. 
KeitUey,  Colorado  Sprinff,  Colo. 

<»- 

Rattlers  have  been  found  at  elevation  8.ri2n  in  the  Trail  junction  Pirnic  \rea  northwest  of 
Colorado  Springs.  William  F.  Cochran,  U.  5.  Forest  Sen'ice,  Colorado  Springs,  Colo. 
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On  the  eastern  slope,  near  La  Veta,  Colorado.  I  killed  a  big  ratller  at  an  elevation  of  about 
7»100  feet.  They  are  found  frequently  on  the  eastern  slope  at  elevations  of  from  4,000  to 
6300  feet,  in  the  drier  localities.  They  appear  to  prefer  the  drier,  rocky  hillsides  of  the  plains 
country  and  up  into  the  oak-bnuh  type.  Ralph  C.  Bryant,  U,  S.  Forest  Service,  Ouray,  Colo. 

o 

A  .sheepman  has  a  sprinf^  and  watering  trough  at  what  is  cstiniaicd  to  he  lictwccii  r)00  and 
600  feet  below  Mogote  Peak  (elevation  9,820  feet).  Several  rattlers  were  found  in  the  vicinity 
of  the  Hough,  which  would  make  the  devation  of  the  snakes  9,220  to  9320  feet.  Two  rattlers 
were  killed  and  several  others  seen.  M,  A.  Shoeneman,  V.  S.  Forest  Service,  Antonito,  Colo, 

The  highest  record  of  which  1  have  ever  heard  is  on  I'awn  Creek,  whcro  scvrral  rattlers  have 
been  killed  at  an  elevation  of  8^00  to  8.800  feet;  seemingly,  an  isolated  den  on  a  rocky 
south  slope."  Benjamirt  M.  WhitehiU,  U.  5.  Forest  Service,  Buford,  Colo. 

A.  F.  Hoffman,  of  the  U.  S.  Forest  Service,  advised  me  that  rattlers  had  been 
seen  at  9,400  feet  one  mile  soutli  of  Rock  Creek  Park,  and  at  9,500  feet  at  Gate 
Creek  Park,  Rio  Grande  County,  Colorado.  In  the  southwestern  corner  of  the 
state  they  ha\e  been  noted  as  high  as  Park  Point,  8,575  feet.  Mesa  Verde  National 
Park. 

Rattlesnakes  are  fairly  common  in  this  vicinity  and  on  the  Santa  Fe  National  Forest,  usually 
up  to  elevations  of  6,000  feet;  rather  inbequently  vp  to  74)00  feet;  and  in  at  least  one  or 

two  cases  that  I  know  of,  have  been  found  as  high  as  9,000  feet.  One  such  locality  w.ts  nrnr 
the  northwest  comer  of  the  San  Diego  grant,  Sandoval  County.  Perl  Charles,  U.  S.  Forest 
Service,  Santa  Fe,  N.  Mex. 

In  the  .Manzano  Mountains,  Torrance  County,  I  have  seen  rattlers  at  altitudes  up  to  10.000 
feet.  A.  F.  Rea,  Moniiccllu,  N.  Mex. 

Another  high  recorc!  from  New  Mexico  is  near  the  top  of  Barrilhs  Peak,  San 
Miguel  Ontnty,  at  9,000  feet.  Barker  (1940,  p.  '?>)  reported  rattlers  at  9,000  and 
10,000  feet  in  northwe&t  Colfax  County  and  nortlieasi  Rio  Arriba  County,  New 
Mexico. 

Great  Basin  Rattlesnake  (C.  v.  lutosus). — ^From  the  Rockies  to  the  Siena  much 
of  the  area  between  the  Grand  Canyon  and  central  Idaho  comprises  the  range  of 
the  c;ieat  Basin  rattler.  Tn  this  desert-mountain  territory  this  snake  ranges  from 

the  fiats  far  up  into  the  mountains. 

The  highest  I  have  seen  a  nittlrr,  or  heard  of  one,  was  at  7,(MK)  feet.  I  know  of  scvc  ral  dt  ris 
at  an  elevation  of  about  5,700  feet.  The  highest  dens  are  mostly  on  the  south  slope  of  a 
hill,  where  dirt  has  covered  loose  rodts.  leaving  a  small  entrance.  I  hdped  dig  out  50  rattlers 
at  one  time.  Floyd  C.  Black,  U.  5.  Fish  and  Wildlife  Service,  Challis,  Idaho. 

■o 

Elevation  is  not  the  controlling  factor  f)f  rnttlc^n.ikc  habitations,  although  it  may  have  some- 
thing to  do  with  it.  There  are  no  rattlesnakes  around  Meyer's  Cove  at  an  elevation  of  5,100 
feet,  while  there  are  many  of  them  in  other  areas  at  devations  above  6,500  ieet.  Lewis  B. 
Koch,  U.  S.  Forest  Service,  ChaUis,  Idaho. 

■o 

The  highest  cirvation  at  which  rattlers  are  found  is  about  8.000  feet.  1  his  is  on  Grouse 
Point  of  the  Ciiallis  National  Forest,  Challis,  Idaho.  Ernest  H.  Taylor,  V.  S.  Forest  Service, 
Victor,  Idaho. 

•These  might  be  the  midget  faded  rattlesnake  (C.  v.  decolor). 
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In  ihc  viciiiii)  uf  Ogdcn  and  Lugun,  where  rattlesnakes  arc  known  to  be  abundant,  1  have 
seen  them  up  to  9,000  feet  in  elevation,  in  fact,  at  9,600  feet.  One  was  within  100  yards  of  the 
top  of  Ogden  Peak,  on  a  hot  rock.  R.  C,  Anderson,  U,  S,  Forest  Seruice,  Ogden,  Utah. 

I  retail  seeing  rattlesnakes  at  elevations  of  lietwcen  1.0(10  fi  t  i  ami  8,")00  feet.  J  liey  seem  to 
prefer  dry,  rocky  ridges,  alltiough  I  have  seen  a  few  along  streams  running  through  rocky 
canyons.  In  19S7  I  killed  a  number  of  them  on  a  ridge  at  8,500  feet  devation.  The  slope 
was  to  the  ivest  and  the  atea  was  extremely  rocky.  The  niunher  of  snakes  in  the  area  indi- 
cated that  they  probably  denned  there.  Thomas  H.  Hetty,  U.  S.  Forest  Service,  Randolph, 
Utah. 

I  have  never  found  a  laiilisiiake  at  a  higher  elevation  than  7,8(M)  feci,  in  this  section.  Pos- 
sibly they  may  Ik*  found  at  higher  elevations  in  rocks  and  ledges.  J.  JV.  Humphrey,  L'.  S. 
Forest  Service,  Ephraim,  Utah, 

During  the  summer  of  1929,  while  making  a  range  inspection,  1  met  two  shcc-phcrders  at  an 
elevation  of  10,050  feet.  They  told  me  they  had  just  killed  seven  nitdesnakes  under  one 
lat]ge  rock  by  moving  the  rock  and  shooting  the  snakes  as  they  moved  about.  I  questioned 

this,  !)0<.Tnse  of  the  elevation.  Imt  wc  \isitcd  the  place  and  found  the  report  to  he  true. 
I  here  were  three  large  adult  snakes  antl  four  half-grown.  MUo  T.  Dyches,  U.  S.  forest 
Service,  Monroe,  Utah. 

1  have  seen  rattlesnakes  at  9.500  fcx-t  elevation  in  a  dry,  sage-brush  type  of  country.  Maurice 
Cape  of  Zion  National  Park  reports  seeing  one  at  about  that  elevation  in  a  timber-type 
country.  H.  Bryson  Cook,  U.  S.  Forest  Service,  Panguitch,  Utah. 

Otiicr  liigh  I'tali  iitoi  tls  lor  this  -siiI)s|k(  its  ate  S.W(K)  feel  in  Bi  yte  Canyon 
National  Park  (W.  VV.  Tanner,  1940,  p.  145),  and  Big  lablc,  9  miles  cast  of 
Alunite,  Piute  County,  at  9,500  feet. 

I  have  never  seen  rattlers  in  this  state  higher  than  about  7,UiK)  (eet.  /.  /{.  Allen,  V.  S.  forest 
Service,  Wellington,  Nev. 

Rattlesnakes  secni  to  prefer  hot,  rocky  or  sandy  country,  and  I  have  seen  them  in  heavy 
stands  of  sagebrush.  I  have  found  thnn  from  the  valley  bottoms  at  about  5,000  feet  elevation 
up  to  over  9,000  feet.  1  have  seen  them  at  elevations  of  between  9,000  and  9300  feet,  on 
Sa\orv  Peak  in  the  Monitor  Range,  and  Ardivey  Peak  in  the  Toyabe  Range.  B.  K.  Crmte, 

L.  S.  J-orest  Sewice,  Austin,  Nev, 

Other  high  records  in  Nevada  are  Grey's  Lake,  Elko  County,  at  8,500  feet; 

and  .Mlisoii  Peak.  Eureka  County,  at  9,000  feet. 

In  California  I  have  no  retortls  of  this  subspecies  above  8,200  feet  (near  Mono 
Lake);  this  rcrord  is  c oiisitUrablv  exttcdid  in  that  state  by  ilif  iioitlieni  Pacific 
rattler.  In  southcasicm  Oicgon  the  C.icat  Basin  laitlei  no  doubt  reaches  6,UU0  lect 
or  higher,  but  I  have  no  records  abo\e  Rockville  (3,900). 

Northern  Pacific  Rattlesnake  (C.  v.  oreganus). — ^There  seems  no  question  that  this 
snake  reaches  higher  aliiiiitles  than  any  otlier  in  the  United  States,  for  in  the 
southern  .Sierra  Nevada  of  California  it  attains  aliiiiides  of  somewhat  over  11,000 
feel.  Faither  north  tin  iiioit  lij^oious  diinaU"  icstiids  ii  to  lower  elevations.  The 
highest  Oregon  records  tliat  1  have  are  -Soda  S|)ring  (5,700  feet),  Jackson  County, 
and  Tamarack  Mountain  (6,900  feet),  Grant  County.  In  Washington  the  maxi- 
mum records  available  to  me  are  Icicle  Ridge  (6,000  feet),  Chelan  County,  and 
McGregor  Mountain  (5,800  feet),  Okanogan  County.  From  British  Columbia  I 
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have  heard  of  none  higher  than  one  from  Mcnitt,  2,025  feel.  Thus  we  note  a 
progressive  decline  in  altitude  as  we  proceed  northward  from  the  mountains  of 

California. 

However,  cnstwarcl  in  noi  lhei  n  Iclalu),  a  somewhat  di  iei  area,  where  the  north- 
ern Pacific  rattlesnake  approaches  intci gradation  with  the  prairie  rattler,  some- 
what higher  altitudes  are  aij,ain  reac  I ud. 

I  spent  20  years  in  liic  Magrudcr  District,  which  incUidcs  a  part  ot  the  Salniun  River  slopes, 
between  Hone  and  Sabe  creeks,  and  the  headwaters  of  the  Selway  River.  The  Salmon  Rhrer 
slopes  were  infested  witti  rattlesnakes,  from  the  river,  at  approximately  2.000  feet,  to  eleva- 
tions up  to  8.100  feet.  Rattlers  were  killed  almost  every  year  umlctticath  tlic  lookout  tOWer 
on  Square  l  op  Mountain.  F.  C.  Fitzgerald,  V.  S.  Forest  Sen'td".  l.iiuohi,  Mout. 

I  lie  following  data,  abont  the  mountain  areas  of  California,  have  been  made 
available  through  the  courtesy  of  my  correspondents.  It  will  be  noted  that  rat- 
tlers are  not  at  all  uinisual  between  9,000  and  10,000  feet,  and  that  the  record 
is  about  11.000.  the  highest  elevation  known  to  be  reached  by  rattlesnakes  any- 
where in  the  I'liited  States. 

I  haM'  si'cti  rattlesnakes  above  10.UOO  feet  in  i)r-  High  Sierra  country  in  the  kings  River 
drainage  and  also  the  headwaters  of  the  San  Joacjuin.  One  point  was  on  the  ridge  between 
Catgyle  and  Stairway  creeks  in  the  Sierra  National  Forest,  south  of  Iron  Mountain,  .\nother 

location  was  near  Loper  Peak  wist  of  WocKlchiick.  The  area  near  Iron  Mntiniain  is  close  to 
11,000  feel;  whereas  the  Loper  Peak  area  is  a  little  under  10,000.  A  third  point  where  a 
rattler  was  recently  seen  was  at  Goodale  Pass,  southwest  of  Red-and-White  Mountain.  This 
point  is  a  little  over  11,000  feet,  as  near  as  can  be  determined.  Also,  I  have  seen  rattlers  in 

the  Sierra  Riittrs  cotmtrv  luick  of  Sierra  City,  at  an  elevation  of  8.500  feet,  and  just  a  few 
feet  away  from  snowbanks  in  early  June.  C.  R.  Arment,  V.  S.  Forest  Service,  Susanville,  Calif. 

•o 

On  numerous  occasions  I  have  seen  rattlesnakes  near  or  at  the  summit  of  Sherman  Peak, 
Sequoia  National  Forest.  The  elevation  of  this  mountain  is  9,996  feet.  £.  L.  Shellenhargtr, 
V.  S.  Fore$t  Seruice,  Lone  Pine,  Calif. 

•o 

The  highest  elevation  at  which  I  have  observed  rattlers  was  9,971  feet  on  Sherman  Peak 
in  the  Sequoia  National  Forest.  Robert  H.  Crow,  V.  S.  Forest  Serviee,  Springville,  Calif. 

Near  Lake  Neall,  Tidoumne  County,  at  an  elevation  of  9.600  feet—we  diedted  this  at  the 

time  as  it  was  felt  that  it  was  high  for  rattlesnakes — we  found  the  largest  rattler  that  we 
had  seen  in  the  Yosemilc.  Albert  C.  Hawbecker,  Madera,  Calif. 

In  the  Kings  River  and  other  areas  of  the  southern  Sierra  Nevada,  in  addi- 
tion to  the  high  points  mentioned  by  my  correspondents  who  have  already  been 
qtioted.  I  have  had  a  number  of  relial)le  reports  of  rattlers  at  between  9,000  and 
10,000  feet,  includint^  Alpine  Creek  at  9,000  feet,  near  Kaiser  Pass  at  9,000  feet, 

luai  I-  loiciUL-  I.ake  :u  9.100  feci  (Miilu  iu  i  ,  H).Hr>,  p.  50).  ;uul  near  I  ,c>u<  j  Rac 
Lake  at  9,500  feet.  Fresno  County;  ou  Mineral  Peak  at  9,000;  on  Kern  Peak,  Toowa 
Range,  at  10,000  feet,  Tulare  County;  on  Hoffman  Peak  at  9,000  feet,  Mariposa 
County;  and  at  Forsyth  Pass  at  9,800  feet,  Tuolumne  County. 

Charles  M.  Bogert  has  advised  me  of  a  northern  Pacific  rattler  killed  above 
Sally  Keyes  Lake,  Fresno  County,  in  the  Sierra  at  11,000  feet.  The  lake  is  at 
elevation  10,175,  and  several  nearby  peaks  exceed  12,000  feet.  R.  T.  Moore,  who 
collected  the  snake,  saved  the  rattles  so  the  identification  is  unquestioned. 
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Southern  Pacific  Rattlesnake  (C.  v.  helleri). — 1  he  southern  subspecies  has  less 
opportunity  to  show  its  high-ahitude  proclivities  than  docs  its  northern  relative 
(C.  V.  orei;;nnus),  since  the  areas  above  10,000  feet  in  the  southern  ranges  arc 
quite  limited  compared  with  those  in  the  Siena  Nevada.  But  there  is  no  doubt 
that  helleri  does  reach  an  altitude  well  over  10,000  ieet  in  the  San  Jacinto  and 
San  Bernardino  mountains  of  southern  California.  Joseph  Ewan  (1932,  p.  36) 
1  rpoi  ted  a  southern  Pacific  rattlesnake  at  not  to  exceed  20  feet  from  the  peak  of 
Mount  San  Jacinto,  elevation  10^05  feet. 

Rattlesnakes  have  been  found  in  the  Big  Bear  Lake  and  upper  Sanu  Ana  River  areas  and 

drainages  up  to  an  (■Ic\ation  of  10,000  feet.  They  are  more  prevalent  on  the  desert  slopes  of 
nig  Bear  Lake  than  in  the  timbered  or  brush  areas.  D.  Af.  Txuker,  U.  S.  Forest  Service,  Min- 

uclusa,  Calif. 

The  southern  Pacific  rattlesnake  seems  to  have  a  proclivity  for  climbing  to 
the  ioj)s  of  rocky  peaks.  Besides  Ewaii's  report  of  one  at  the  top  of  Mt.  San 
Jacinto,  W'inheld  H.  Line  told  me  of  finding  one  under  the  fire-observation  tower 
on  the  top  of  Tahquitz  Peak  (altitude  8,820);  and  1,  myself,  caught  one  under 
the  wooden  observation  platform  on  the  peak  of  Cuyamaca,  the  second  highest 
point  in  San  Diego  County  (6,515  feet). 

Arizona  Black  Rattlesnake  (C.  v.  cerberus). — This  rattler  has  been  collected  at  a 
number  of  high  poinis  in  central  Arizona,  including  Manning  Camp,  Rincon 
Mountains,  at  8,000  feet;  K.  P.  Creek,  White  Mountains,  at  8,200  feet;  Mt.  Lem- 
mon,  Santa  Catalina  Mountains,  above  8,000  feet;  and  the  San  Francisco  Moun- 
tains at  about  10,000  feet  (Coues,  1875,  p.  605).  It  is  possible,  although  not  known 
to  be  a  fact,  that  either  the  northern  blacktail  (C.  in.  molossns)  or  the  Arizona 
twin-spotted  rattler  (C.  p.  pricei)  might  reach  a  higher  altitude  on  Mt.  Graham 
(lO.Filfi  feet)  in  the  Pinalenos  than  does  cerberus  in  the  San  Franciscos,  in  which 
case  -Arizona  would  be  the  only  western  state  wherein  the  altitude  record  is  not 
held  by  some  subspecies  of  the  western  rattler  (C.  viridis).  But  cerberus  is  also 
found  on  Mt.  Graham,  as  well  as  on  Mt.  Baldy  (11,463  feet)  in  the  White  Moun- 
tains, where  neither  m.  molossns  nor  p.  pricei  occurs;  so  that  it  could  reclaim 
its  laurels  here,  where  the  dimate  is  not  so  severe  as  on  the  more  northerly  San 
Frandsco  peaks. 

Mexican  Dusky  Rattlesnake  (C.  triseriatus). — ^The  altitudes  achieved  by  the  two 
Pacific  rattlesnakes  in  California — 10,000  to  1 1,000  feet — are  considerably  exceeded 
by  the  dusky  rattlesnake  in  Mexico.  The  highest  of  which  I  have  heard  was  col- 
lected by  Paul  D.  R.  Ruthling  on  Mt.  Orizaba  (Citlaltepetl)  at  14,500  feet  or 
above.  He  has  thus  described  a  collecting  trip,  first  to  Ajusco  and  then  to  Orizaba: 

Ajusco  Peak  rises  to  a  height  of  over  11.000  feet  above  tea  levd.  Tbe  little  rauler,  about 

which  you  inquired,  was  not  found  on  the  summit,  but  somewhere,  possiljly  1.000  fici  1)l1ow, 
or  roughly  at  an  cic-vaiion  of  alx>ut  13,000  feet  aix)ve  sea  level.  It  was  found  among  patciics 
of  snow  in  spots  where  the  xac9t6n  or  bundi  grau*  of  whidt  brooms  are  made,  grows  fnro- 
fusel y.  I'lic  snake  was  not  in  the  snow,  but,  as  you  know,  at  high  altitudes  when  the  radiant 
heat  of  davtinic  strikes  directly  from  ihc  sun,  it  may  1)C  very  warm,  even  in  the  virinitv  of 
snow  patclkcs,  whereas  in  the  more  shady  spots  nearby,  the  snow  may  linger  indclmitciy. 

Another  specimen  of  C.  t.  triseriotus  was  found  under  very  similar  conditions  on  the 
dopes  of  the  Pico  de  Orizaba.  We,  with  our  guide  and  hoiscs,  were  lost  at  night  trying  to 
reach  the  sulphur-gatherers'  cave,  a  camping  place  slightly  below  timber  line,  and  had  to 
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ramp  in  tlic  forests  on  the  slopes  of  ihc  mountain.  When  I  awoke  next  niornin'^.  mv  blankets 
were  lightly  covered  with  snow,  The  other  members  of  the  paiiy  hugged  a  liuge  fire  aiid 
couldn't  deep  that  night  on  account  of  the  cold.  Next  morning,  we  reached  the  cave  and 
rested  all  day.  On  the  following  morning,  after  a  good  deep  in  the  cave,  we  started  for  the 
summit  of  Orizaba.  .\t  about  die  edge  of  timber  line,  in  a  \ery  sparsely  \eRetatcd  area, 
rocky  but  with  abundant  tufi:»  of  zacalon,  typical  ai  these  high  altitudes,  we  discovered 
another  of  theae  Ifttle  ratden  when  the  van  had  warmed  \\\>  du  ground  after  a  slight  snow* 
fall  the  night  before.  This  was  at  about  3.000  feet  below  the  crater  (elevation  18,696  feet)» 
I  should  judge  at  about  l"  000  fi  ct  elevation.  From  there  on  up,  there  were  no  trees,  just 
rocky  slides,  and  plenty  of  big  snow  fields, 

Gadow  (1905,  p.  226;  I908«  pp.  56, 61,  513)  also  mentions  triseriatus  on  Orizaba, 
where  he  records  one  at  12,500  feet  or  slightly  higher.  He  states  (1905,  p.  197) 

that  the  tree  line  is  at  about  13,500  feet,  beyond  which  there  are  tussocks  of  grass. 
The  snow  line  is  at  about  14,500  feet.  The  Museum  of  Vertebrate  Zoology,  Uni- 
versity of  California,  has  a  sj>etiincn  from  about  11,000  feet  on  Popocatepetl. 
Mcrtens  (1930,  p.  160)  mentions  a  specimen  taken  at  about  13,500  feet  on  Mt. 

AjlLSCO. 

The  northeastern  or  Oiici  ctai  an  siilispccics  of  the  dusky  rattlesnake  (C.  t. 
aquilus),  alihough  also  a  mountain  form,  does  not  reach  the  altitudes  attained 
by  C.  i.  triseriatus.  However,  it  has  been  collected  at  6,900  feet  near  Alvarez  and 
7,400  feet  at  Cem>  Conejo.  San  Luis  Potosl;  6,900  feet  at  CadereyU,  Quer^taro; 
and  at  8,000  feet  above  Jacala,  Hidalgo. 

Although  C.  t,  triseriatus  attains  higher  altitudes  than  C.  v.  oreganus,  the  latter 
may  actually  have  a  greater  vertical  range,  since,  in  California,  it  orcurs  from 
sea  level  to  11,000  feet,  and  may,  indeed,  go  slightly  below  sea  level  on  the  desert 
flank  of  the  Santa  Rosa  Mountains  in  Riverside  and  Iinjx^rial  counties.  But  t. 
triseriatus,  a  mountain  form,  has  not  yet  been  collected  below  4,870  feet  (Jalapa, 
Veracruz), 

HABITAT  PROPENSITIES 

In  the  following  pages  1  shall  cite  the  comments  of  some  of  my  correspondents 
on  the  habitat  prcforcnres  of  the  rattlesnakes,  fiist  in  veiifitation  of  some  of  the 
s^eneral  requirements  that  I  have  discussed,  follcnved  by  observations  on  individual 
spL(  ies.  One  eaution  is  necessary  in  judging  these  statements  on  prelei  red  habitats. 
Where  rattlers  den  lor  the  winter  and  bask  in  the  sun  during  a  lying-out  period, 
just  before  entering  hibernation  in  the  £a]l  or  dispersing  in  the  spring,  their 
numbers  are  so  great,  compared  with  the  few  found  scattered  throughout  the 
summer  ranges,  that  the  environment  at  the  dens  is  likely  to  be  stressed  at  the 
expense  of  the  summer  ranges,  although  the  latter  are  the  real  scenes  of  rattlesnake 
activity. 

Sev  eral  correspondents  comment  on  the  rather  sharp  lines  iliat  may  occasionally 
be  found  between  areas  inhabited  by  rattlesnakes  and  those  that  are  not.  Some 
of  these  boundaries,  which  appeal  to  act  like  barriers,  seem  c^uitc  inexplicable: 

In  every  country  inhabited  by  rattlers  thcic  arc  areas  w  here  none  apparently  occur.  Whether 
there  is  some  natural  enemy  or  just  some  condition  generally  distasteful  to  these  reptiles. 
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I  do  not  luunr.  Whei«  I  was  fsised  in  upper  Okanogan'  Couniy.  Washington,  there  was 
sudi  an  area,  extending  for  miles  along  one  side  of  a  small  river,  the  Methow.  where  no 

one  c\iT  saw  a  rattlesnake,  whereas  on  the  other  sitlc  thcy  were  uncomfortably  plentiful. 
f.  F.  Wehmeyer,  U.  S.  Forest  Service,  Heppner,  Oreg. 

o 

Thc  lx>rdcrs  of  rattlesnake  territories  appear  to  lie  quite  abrupt,  usually  along  the  water* 
shed  between  an  arid  section  and  one  with  greater  rainfall,  and  accordingly  more  timbered. 

For  instance,  at  Vernon,  in  the  Okanagan*  \'alley  in  British  Columbia,  tlieie  arc  plenty  of 
rattlesnakes,  but  ten  miles  away  at  Armstrong  they  are  entirely  absent.  C.  F,  Keariis,  lirilish 
Columbia  Game  Dt  partment,  Nelson,  B,  C. 

I  have  often  wondered  why  rattlesnakes  are  so  numerous  in  certain  areas,  while  in  adjacent 

places  similar  in  climate,  altitude,  and  cover,  there  are  none.  A  t;o()d  example  of  this  is  the 
area  at  the  head  of  the  Yuba  River  in  the  lahoc  National  Forest,  litre  snakes  ;ne  niiinetoiis 
around  Sierra  Buites  Lookout,  close  to  an  elevation  of  9,000  feet,  but  in  ii»e  Lakes  Basin 
country  of  the  Plumas  Forest,  a  short  distance  away,  there  are  no  rattlers  at  a  much  lower 
elevation,  although  the  area  surrotmding  it  on  all  sides  carries  a  moderate  population  of 
these  snakes.  Norman  /.  Farrell,  U.  6.  Forest  Service,  Shasta,  Calif. 

o- 

Up  the  creek,  these  snakes  are  so  plentiful  that  a  rcnky  point  in  the  canyon  is  called  Rattle- 
snake Point.  Just  a  few  miles  away,  an  area  of  many  square  miles  apparently  has  no  rattlers. 

A  cowIkjv  who  has  handled  the  cattle  in  this  area  for  \ears  tells  me  he  has  never  seen  a 
rattler  in  this  section.  Tt  is  somewhat  liigher  there  than  ilie  Tirst  named  place  where  the  rat- 
tlers are  common,  but  1  have  seen  lots  of  raitleis  at  considerably  higher  elevations  in  Idaho 
and  Wyoming.  Glen  R.  Jones,  U.  5.  Forea  Service,  Brii^eport,  Calif. 

-<> 

Rattlesnakes  are  quite  nmiH miis  in  parts  of  the  San  I.nis  Valley.  They  seem  limited  quite 
definitely  to  certain  particular  areas.  No  strays  are  found  beyond  these  areas.  M.  A.  Shoene' 
man,  U.  S.  Forest  Service,  Antonito,  Colo. 

For  reasons  that  I  do  not  know,  ratdesnakes  are  found  to  be  much  more  numerous  in  some 
sections  than  in  others  where  the  conditions  are  quite  similar.  Cletm  Flathen,  V.  S.  Forest 
Ranger,  Camp  Crook,  S.  Dak. 

Rattlesnakes  here  have  very  distinct  ranges.  There  are  four  areas  in  which  they  always  are 
present,  t)ut  other  areas  with  the  same  terrain  have  none.  John  IV.  Warren,  U.  S.  Forest 

Sen'ice,  Hamilton,  Mont. 

Thnt  food  supply  is  often  a  major  factor  in  limiting  rattlesnake  langes  is  obvi- 
ous. The  following  observation  by  Frank  F.  Gander  C)f  Escondido,  Caliloinia, 
refers  to  two  subspecies  of  rattlesnakes,  the  San  Lutan  sj)eckled  raltlcsiuike  {C.  tn. 
inil(  helli)  and  the  San  Lnt  an  dianiondback  (C.  r.  J\k  ascusts),  s])(  c  iiiic  iis  ol  which 
were  iouncl  in  the  Magdalena  I'laiii  of  Baja  Calilornia,  in  an  aiea  natch  more 
arid  than  that  comprising  most  of  their  ranges: 

This  morning  when  I  started  deer  hunting,  I  saw  two  places  where  rattleis  had  been  coiled. 
One  was  near  camp,  and  so  this  evening,  Huey  and  I  hiked  over  there  and  looked  for  the 
rattler.  We  found  it  just  coming  out  of  a  hole.  This  snake  was  long  .niul  slender,  and  when 
opened  for  picklinf?  was  found  to  have  nothing  in  the  cnliic  alimentarv  tratt.  I  alcr  at 
another  point,  we  found  another  rattler  coiled;  it  was  extremely  emaciated  and  easily  cap- 
tured. The  condition  of  these  two  snakes  emphasizes  the  fact  that  life  here  Is  at  low  ebb. 

About  half  the  vegetation  is  dead,  and  the  vest  hnlf-dcad.  A  very  light  rain  since  we  passed 
lierc  l>cforc  has  been  the  only  precipitation  this  year. 

*  1  he  Canadian  and  American  spellings  differ. 
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Sc\cral  answers  to  my  questionnaires  comment  on  the  absence  of  iaiilesnak.es 
from  ati;i  ii  ultiiral  lands,  where  they  have  citlier  been  driven  out  by  persecution, 
or  the  ( onthtions  may  have  Ijeen  made  di&tasieful  to  them.  This  situation  is  also 
mentioned  elsewhere  (p.  10225). 

R;iltli-snak<s  liavc  l)cen  olwivcd  in  ihe  footliills  and  motintains  all  around  Upprr  Lake 
anil  iluoughont  Lake  C^oiinty.  \  cry  few  are  found  in  the  valley-bouoms  or  the  level  agricul- 
tural land  adjoining  Clear  Lake.  They  seem  to  avoid  entiidy  the  more  moist  agricultural 
land.  W.  C.  Meyer,  U.  S.  Forest  Service,  Upper  lake,  Calif. 

o 

When  the  whites  fii'st  settled  here,  rattlesnakes  ranged  o\cr  this  entire  section,  except  at  the 
higher  elevations.  But  continuous  killing  of  the  snakes  and  the  cultivation  of  wheal,  have 
driven  them  out  of  large  areas.  One  district  still  has  a  few  rattlesnakes,  out  in  what  we  term 
the  "sands."  This  is  a  laig^  strip  south  of  the  Columbia  River,  too  arid  and  with  a  soil 
too  light  for  cultivation.  F.  F.  Wehmeyer,  U.  S.  Forest  Service,  Heppner,  Oreg. 

■o 

Rattlesnakes  occur  only  in  the  sagelirusli  desert  portion  of  the  COUntty.  NOHC  are  found  in 
the  irrigated  farming  districts.  Paul  J.  Shank,  Ashton,  Idaho. 

o 

Raltiesnake  distribution  in  the  slate  of  Iowa  is  very  spotty.  I  licre  aic  counties  where  lliey 
are  common,  adjacent  to  other  counties  where  few,  if  any,  occur  at  present.  For  those  not 
familiar  with  the  siatc,  it  is  difficult  to  visualize  the  gross  changes  brought  about  by  human 
occupation.  Roughly,  {)')  per  cent  of  the  state's  area  has  been  under  the  plow  and  most  of 
the  rest  is  made  up  of  cities,  villages,  and  wooded  pastures — usually  on  sloping  land.  Prob- 
ably less  than  half  of  1  per  cent  is  in  ungrazed  and  uncultivated  land;  what  little  there  is. 
is  made  up  principally  of  second-growth  timber  and  marshes.  Therefore,  for  an  animal  to 
survive  in  anv  numbers  it  must  adapt  itself  to  the  changed  conditions.  From  mv  nl)serva- 
tions  I  judge  that  the  niassasauga  ^.S.  c.  catcnalus)  is  unable  to  make  this  adaptation.  The 
limited  pockets  of  this  spedes  are  now  confined  to  the  relatively  undisturbed  areas — 
especially  a  few  small  tracts  of  unplowed  grasslnud  in  the  southern  part  of  the  state.  The 
timber  rattler  (C.  h.  horridus)  retains  a  relatively  wide  <listribiuion,  and  since  its  habitat — 
wooded  slopes,  usually  with  boulders  and  rock  ouicrops — is  the  leasl  suitable  for  human 
use,  it  has  suffered  leas,  although  even  of  this  subspecies  present  populations  are  probably 
but  a  fraction  of  those  of  a  century  ago.  Reeve  M.  Bailey,  University  of  Michigan,  Ann  Arbor, 
Mich. 

Allyn  (1937,  p.  220)  aptly  describes  the  effects  of  agricultural  and  industrial 
developments  on  the  rattlesnake  population  when  he  says:  "The  straggling  re- 
mains of  three  species  of  poisonous  snakes  still  inhabit  certain  sections  of  Indiana." 

Even  annual  changes  in  weather  are  said  to  modify  rattlesnake  ranges. 

Weather  conditions  during  the  summer  season  have  a  considerable  effect  upon  the  range 
of  these  reptiles.  The  past  season  havint;  been  quite  ^vct  and  cold,  this  naturally  In  K]  the 
snakes  to  a  lower  level  than  would  have  been  the  case  during  a  ilry  peiiod  in  which  ihcy 
are  found  at  higher  elevations.  F.  L.  Archer.  U.  S.  Forest  Service,  Lander,  Wyo, 

Many  of  the  persons  to  wlujm  my  incjuiiies  were  adcliLsscd  nierelv  re|)lied  that 
no  rattlesnakes  occurred  nearby.  I'his  was,  oi  course,  useful  inlurination  in  plotting 
ranges.  A  few  gave  their  reasons  for  believing  rattlers  absent;  of  these  the  follow- 
ing are  examples: 

There  are  no  rattlesnakes  here;  the  climate  is  loo  damp.  Warren  M.  Forsyth,  Saint  Helens, 
Oreg. 
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The  altitude  and  rigorous  winten  here  diminate  rattlesnakes.  Laurence  B,  Carr,  Soda 

Springs,  Idaho. 

■o 

The  altitude  here  in  C.iuinison  County  is  too  high  and  the  Slimmer  temperature  too  cold 
for  rattlesnakes.  Tom  C.  Hartman,  Gunnison,  Colo. 

-o- 

The  altitude  here  is  too  bif^  for  ratdcn.  E.  C.  Peabody,  BndUnridge,  Coio. 

•o 

The  devatum  here  ^00  to  7,500  ft.)  is  i^pparently  too  hig^  finr  rattlesnakes.  Charles  H. 
Thompson,  BuonsUm,  Wyo. 

Chakagteristic  Habitats  op  Subspecies 

1  he  lollow  ing  dcsa  iptions  o£  the  particular  kinda  oi  liabitatb  in  which  the  various 
spedes  of  rattlesnake  are  most  often  found,  aie  quoted  from  observations  ami* 
municated  to  me  by  many  correspondents,  or  have  been  taken  from  published 
articles,  or  from  my  own  field  notes.  Some  typical  habitats  are  shown  in  figm-es 
8:1  to  8:8.  I  should  mention  again  that  observers  are  likely  to  stress  the  nature 
of  the  surroundings  in  which  rattlers  arc  seen  concentrated  at  their  dens  during 
the  brief  lying-out  periods  of  spring  and  fall,  as  compared  with  their  smnmer 
ranges,  when  they  arc  scattered,  largely  nocturnal,  and  tlui  t  lore  less  oltcii  encoun- 
tered. This  is  particularly  true  of  the  subspecies  ol  the  ^vt  stern  rattlesnake,  C. 
viridis,  and  other  forms  inhabiting  areas  with  severe  winters. 

Eastern  Diamond  Rattlesnake  (('.  adamantcns).  This  large  rattlesnake  is  a  low- 
land form,  restricted  to  the  Florithi  peiiinsvda  and  the  coastal  plains  from  extreme 
eastern  Louisiana  to  North  (Carolina.  Within  this  area  it  is  said  to  live  in  almost 
any  available  type  of  habitat,  except  especially  wet  places.  Upon  this  my  corre- 
spondents observe; 

Most  of  my  experience  with  rattlesnakes  has  been  in  the  Ocala  Forest,  Florida,  better  known 
as  Che  "Big  Scrub,"  where  I  was  a  ranger  for  six  years.  The  Big  Scrub  is  covered  with  sand 

pine,  saw  palmetto,  and  scrub  live-oak;  also,  other  dunif  varieties  of  hitkoiv.  hay,  etc. 
In  the  nat-woocis  type  there  are  palmettos  and  gallberry.  Where  the  scrub  type  changes  into 
swamp,  the  diamondback  rattlers  seem  to  live  up  in  the  scrub  in  the  daytime,  where  they 
lie  under  saw  palmettos  in  the  shade.  In  the  late  afternoon  they  start  for  the  swamp  and 

return  at  dtisk. 

1  wuuid  say  that  tlie  diamondbacks  prefer  dry  country  such  as  the  Big  Scrub.  Occasion- 
ally they  are  found  in  swamps.  They  are  pretty  common  in  hammocks  [hardwood  thickets] 
and  palmetto  thidcets.  You  find  them  occasionally  in  flat  woods;  also  in  long'leaf  pine 

woods.  But  they  like  the  palmetto  country'  best,  as  thev  have  good  rover  there,  and  plaoes 
to  look  for  prey.  Joseph  T.  McCullough,  U.  S.  Forest  Setvice,  Brooklyn,  Miss, 

o 

Diamondbacks  are  mostly  found  in  hammodts  adjacent  to  creeks  and  beaches.  Herbert  Kulp, 
NiceviUe.  Fla. 

o- 

The  hammock  where  wc  hunted  is  typical  of  the  hardwood  hammocks  in  being  on  a  lime- 
stone foundation.  The  whole  hammock  is  honeycombed  with  subsurface  connecting  sink* 

holes*  making  a  maze  of  tunnels  with  surface-openings  throughout  the  hammock.  In  and  on 
these  fern-studded,  hardwood-covered  hammocks,  occupying  relatively  high  ground  of  the 
Everglades,  C.  adamanteus  is  to  be  found  in  considerable  numbers.  First  I  came  upon  a 
cast-off  skin,  wet,  lying  in  dead  leaves  of  tlie  "woods"  floor  near  several  sink-holes.  CaveCui 

.srriitinv  of  the  surrounding  few  yards  disclosed  two  adults  coiled  beneath  a  fern.  Thev 
were  nearly  impossible  to  see  from  an  upright  walking  position.  The  fern,  various  twigs 
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and  vines,  coupled  with  the  snakes'  concealing  coloration  blending  wiih  the  dead  leaves 
of  the  hammock  floor,  efTcctivdy  hid  these  comparatively  large  rattlesnakes.  1  he  male 
measured  4  feet  7  indies,  the  female  5  fieet  1  inch.  Ckaries  H.  Lowe,  Jr^  Tucson,  Arizona, 
writing  from  Florida. 

John  M.  Ft  azicr  has  written  mc  tliat  he  lonnd  eastern  diamondbacks  numerous 
in  the  long  leal  pine  belt  of  Mississippi;  and  Robert  E.  Gordon  says  that  in 
Wilcox  County,  Georgia,  they  were  prevalent  in  pine  barrens,  and  in  scrub  pal- 
metto on  a  sandy  soU. 

Various  published  accounts  Iia\c  dt  sd  ibcd  the  haunts  of  the  eastern  ch'aniond- 
back.  Locnnberg  (1891,  p.  '?.'}5)  thought  them  more  plentiful  on  the  Florida  Keys 
and  along  the  (oast  than  ba(k  in  the  intciioi-.  l^eyer  (1900,  p.  29),  writing  f)f 
Louisiana,  stated  that  the  tlianiondbat ks  were  h'  ing  thinned  out  by  the  drainage 
of  swamps  and  tlie  rleaiing  ol  forests.  lli>  piophec  y  has  pro\ed  acdirate,  as  these 
snakes  are  now  tare,  il  not  entirely  exterminated  in  eastern  Louisiana.  He  statetl 
that  diamondbacks  prefer  the  vicinity  of  water.  They  have  the  habit  of  coiling 
beside  a  fallen  tree,  and  there  have  been  many  narrow  escapes  when  persons 
have  stepped  over  logs.  Geare  (1903,  p.  118)  thought  adamanteus  to  prefer  damp, 
shady  spots.  Reese  (1910,  p.  365)  reported  them  found  most  ol  teii  in  sc  rub  ])aImetto 
climips.  Conant  and  Bridges  (1939,  j).  143)  say  that  the  diamondbacks  in  the 
d  i\  tinie  seek  ro\er  under  the  broad  leaves  oi  the  dwarf  palmetto,  beside  stumps 
or  logN,  or  in  burrows. 

Allen  and  Merryday  (1910,  p.  2.31)  prefer  to  hunt  for  them  in  the  holes  of  the 
gopher  tortoise  {Gophcrus  polyphemus),  where  they  take  refuge  in  cold  weather 
or  in  case  of  forest  fires.  A  ruse  used  by  collectors  is  to  cover  the  holes,  for  when 
they  return  and  remove  the  covers,  the  snakes  usually  come  out.  All  writers  agree 
that  the  eastern  diamondback  often  seeks  refuge  in  the  burrows  of  the  gopher 
tortoise.  Carr  (1940,  pp.  12-27,  95)  says  that  in  Florida  the  eastern  diamondbac  k 
is  partial  to  dry  situations;  its  preferred  habitat  is  palmetto  flatwoods.  Other 
habitat  associations  in  which  it  occurs  frequently  or  occasionally  are  higli  pine, 
wiic-giass  flatwoods,  low  mcsophytic  and  upland  hanmiocks,  salt  marshes,  and 
bayheads.  l  amiye  Cook  (19 13,  p.  52)  reported  that  in  Mississippi  many  wetc 
killed  when  a  virgin  pine  forest  was  harvested.  In  summer  they  seek  shady  spots 
near  water;  in  winter  they  are  more  often  found  in  gopher-tortoise  holes,  caves, 
or  in  rock  crevices  on  dry  hillsides. 

Davis  and  Brimley  (1944,  p.  9)  state:  "This  species  seems  to  like  all  areas  within 
its  geographic  range  whether  sand,  pine  ridges,  or  deep  swamps. . . .  Favorite  hiding 
places  arc  under  dwaif  palmettos,  rotting  stumps  and  hollow  trees,  as  well  as  in 
burrows  or  dens  of  other  animals."  SuncIci  (1915,  j).  17!)  says  that  in  Alabama 
these  rattlers  are  usually  found  in  wild,  brushy  areas,  fourteen  weie  killed  iu 
one  day  by  the  66th  Infantry  in  a  clearing  in  o])tn,  thy  woods.  The  clearing  was 
well  filled  with  logs  left  from  lumbering  operations  some  years  before. 

Allen  and  Neill  (1950a,  p.  10)  summarize  their  wide  experience  with  this  largest 
of  rattlesnakes  by  stating  that  it  is  most  often  found  in  areas  of  palmetto,  flat 
woods,  pine  woods,  "scrub,"  live-oak  hammocks,  or  thickets,  and  abandoned 
fields.  Neill  recently  informed  me  that  he  would  describe  the  habitats  most  suitable 
to  this  species  as  high  pine  (long-leaf  pine  and  turkey  oak)  and  rosemary  "send)." 
These  are  drier  areas  than  most  of  the  surrounding  country.  Others  who  have 
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Fig.  8:2.  riuiiuiiT  Hiitlc.  /icbach  Couuly.  Souili  Dakota.  >itc'  of  a  dtii  of  the  piairic 
rattlesnake  (C  v.  viridis).  (Photograph  Ij)  Howard  K.  Gloyd.) 


Fig.  H:3.  CiiatU  (actus  ami  inc>iqiiitc,  Tanquc  \'ci<le  Ranch,  near  Tucson.  F'ima  Clounty,  Ari- 
zona. Ilabilal  of  llic  western  diamond  rattlesnake  (C.  tifrox)  and  the  Mojavc  rattlesnake  (C.  s. 
scutiilnliis).  (Photograph  by  Laurence  .M.  Huey.) 


Fig.  H:  1.  c;.icius  anti  lotky  hills,  near  Papago  Well.  Pima  Ciounty,  .Vri/ona.  Habitat  of  the 
western  diamond  rattlesnake  (C.  ahox),  the  .Sonoran  Desert  sidewinder  (C.  r.  cercohotubus),  the 
northern  bbuk  tailed  rattlesnake  (C.  m.  molossus),  and  the  Mojavc  rattler  (C.  s.  scululalus), 
(Photograph  by  Laurence  M.  Huey.) 


l"ig.  8:5.  lioncj^o  Desert,  San  Diego  County,  California.  Ocoiillo  and  other  tliorny  shrubs.  Habi- 
tat of  the  Colorado  Desert  sidewinder  (C.  c.  latrrorepetis),  the  southwestern  speckled  rattlesnake 
(C.  m.  pyrrhiis),  and  the  liglu-colorcd,  desert  phase  of  the  red  diamond  rattlesnake  (C.  r.  rubery 


Fig.  8:6.  Mountain  forest,  San  Dicj^o  County,  Calilornia.  Habitat  of 
southern  Pacific  rattlesnake  (C.  i;.  Iiellcti). 
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l-ig.  8:7.  Granite  anc!  thaparial  in  the  coastal  fooihills.  San  Diego  County,  California.  Habitat 
of  the  soutliwcsicrn  speckled  rattlesnake  (C.  ni.  pyrrlius),  the  red  diamond  rattlesnake  {C.  r. 
ruber),  and  the  southern  Pacific  rattlesnake  (C.  v.  helleri). 


Fig.  8:8.  Cape  San  Lucas,  Baja  California  del  Sur,  Mexico.  Habitat  of  the  Lower  California 
rattlesnake  (C.  e.  enyo),  the  San  Liican  speckled  rattlesnake  (C.  m.  mitchelH — this  is  its  type  local- 
ity), and  the  San  Lucan  diauiondback  (C.  r.  lucasensis).  (Photograph  by  Laurence  M.  Hucy.) 
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recently  discussed  the  habitat  are  Halibiirton  (1935,  p.  07),  who  says  diamond- 
backs  arc  not  common  in  tlic  Everglades,  where  there  is  too  much  water;  Allison 
(1916,  p.  Ki);  Allen  (1949a,  p.  70);  Babbitt  and  Babbitt  (1951,  p.  79);  and  Teale 
(1951,  p.  47). 

Western  Diamond  Rattlesnake  (C.  atrox). — This  large  snake,  in  its  range  from 
Arkansas  and  central  Texas  west  to  the  Colorado  Desert  in  California,  inhabits 
a  wide  variety  of  terrain.  But  usually  it  is  found  in  dry— even  arid — country,  sudl 

as  brush-covered  jjlains,  dry  washes,  sandstone  outcrops,  or  mcsquite-crowncd 
dunes.  So  it  deserves  the  name  by  whidi  it  is  sometimes  called — the  desert  dia- 
mond rattlesnake. 

Western  diamond  rattlesnakes  like  hnisliv,  nuky  country,  and  rolling  hills  best.  Once  in 
a  while,  they  will  be  found  in  grassy  mcailows  or  fields.  They  are  inactive  during  the  hot 
parts  of  the  day,  and  do  most  of  their  feeding  late  in  the  evenings.  Hound  hunters  in 
this  area  prefer  not  to  hunt  at  night,  for  this  is  a  good  time  for  humans  and  dogs  to  be 

bitten.  In  dearitig  10,000  acres  of  cactus  and  brush  in  Shackelford  County,  Texas,  one 
rancher  killed  1.200  rattlers,  .\nothcr  ranchman  killed  60  rattlers  tp  the  section,  in  clcar^ 
ing  oil  cactus  and  brush.  John  R.  Hood,  Brouinivuod,  Tex. 

Rattlesnakes  do  not  seem  to  have  much  prclercncc  as  to  type  of  country  they  inhabit; 
if  there  is  any  preference,  it  seems  to  be  for  the  moderately  rocky,  rough  and  brushy  type. 
They  are  to  be  foimd  during  the  hotter  periods  in  nioist  shady  areas  along  streams,  and 
adjacent  to  sutli  lakes  as  Roosevelt,  Apache  Canvon,  and  Sabuaro  in  the  Salt  Ri\er  chain. 
In  the  spring  and  early  summer  they  are  numerous  in  the  low  country  adjacent  to  the 
desert,  which  is  largely  a  decomposed  granite  and  black-nudapai  formation.  Also,  they  are 
frequently  found  in  irrigated  fields,  which  are  mostly  of  a  red  day  and  sand  composition. 
A.  L.  Alexander,  V.  S.  Forest  Service,  Roosevelt,  Ariz. 

-o 

Thc  following  applies  to  the  area  of  about  "00  acres  included  in  Montcvutna  C.istlt  \.i 
tional  Monument  at  an  altitude  of  appro.\imately  3,200  feet.  Part  of  the  monununt  lies 
along  the  course  of  Beaver  Creek,  a  tributary  of  the  Verde  River,  and  the  rest  is  com- 
prised of  mesquite-covered  terraces  lx»dering  the  river,  of  limestone  hills  covered  prin> 
cipally  with  creosote  brush  {Larrea  tridentata),  and  Mojave  thorn  {Canotia  holacantlia). 
Rattlesnakes  are  often  seen  in  these  surroundings,  but  I  doubt  whether  ihev  could  he 
called  numerous,  llic  three  species  recorded  hcte  arc,  in  the  order  of  their  abunduiicc. 
western  diamonds  (C.  atrox),  northern  blacktails  (C.  m.  nuAmstu),  and  Mojave  rattle- 
snakes (C.  s.  scutulatus).  Homer  F.  Hastingi,  Montezuma  Castle  Nation^  Monument, 
Camp  Verde,  Ariz, 

But  altlK»ugh  the  western  diamond  rattlesnake  does  occur  in  Arinma  in  sudi 
hilly  or  mountainous  areas  as  those  around  Montezuma  Castle,  Mayer,  and  Roose- 
velt Lake,  it  is  primarily  a  lowland  form,  a  dweller  of  plains  and  desert  flats. 
About  Tucson  I  found  afrox  moderately  common,  mostly  in  mesquite  areas,  both 
across  the  Santa  Cruz  River  near  San  Xavier  Mission  and  in  the  t  olling  country 
toward  Oracle  Junction.  There  is  also  much  creosote  bush  and  some  cactus  in 
the  latter  section.  In  central  .\i  i/ona,  southwest  of  Prcscott,  it  was  common  at 
such  points  as  Kitkland,  Hillside,  Dare  Creek,  and  Congiess.  This  is  a  country  of 
mixed  grassy  jilaiiis  with  rrxk  outciojis,  and  barren,  rock-strewn  liills  interspersed 
with  some  chaparral  and  cactus.  1  owaid  the  south  there  is  much  mesquite.  Ihe 
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western  diamonds,  although  found  in  all  situations,  sccnud  commonest  in  the 
(Irv  washes.  At  Mohawk,  a  professional  collector  said  he  lound  most  of  his  speci- 
mens in  sandy  areas,  particularly  under  the  o\ erhan^iiig  banks  of  the  Gila  River. 

At  iJlylhc,  Neighbors,  and  Ri])lcy,  in  eastern  Riverside  Ciounty,  (^aliftnnia, 
and  across  the  Colorado  River  at  Ehrenburg,  Arizona,  the  western  diamond 
rattler  is  occasionally  found  in  irrigated  areas  and  among  the  mes(|uite  and  wil- 
lows of  the  river  bottom,  but  it  is  more  frequently  met  in  more  arid  situations, 
such  as  the  <lry  washes  of  the  tributaries.  At  Indian  Wells,  in  central  Riverside 
County,  it  is  significant  that  a  professional  collector,  who  maintained  a  roadside 
show  for  tourists,  and  also  shipped  out  large  numbcis  of  snakes,  collecicd  most 
of  his  western  diamonds  in  the  nics(|uite-crowned  sand  dunes.  He  made  a  prac- 
tice of  following  theii  night  tracks  in  the  eaily  morning.  1  hey  weie  not  absent  in 
the  nearby  irrigated  C^oachella  Valley  but  were  less  plentiful  there.  They  seem 
not  to  have  invaded  the  adjacent  tumbled  rocks  of  the  desert  foothills  of  the  San 
Jacinto  Mountains,  immediately  to  the  west.  Here  they  are  replaced  by  the  red 
diamond  rattler  (C.  n  ruber),  which,  although  a  closely  related  subspecies,  is  quite 
different  in  charaaer  and  temperamenL 

Among  the  kinds  of  territory  in  which  I  have  found  western  diamonds,  the 
following  have  been  recorded  in  my  diai-y:  Mescjuite,  dense  creosote  brush,  brushy 
desert,  brush  lining  an  irrigation  canal.  T.ee  \V.  .\rnohl,  collecting  in  the  vicinity 
of  1  U(  son,  Ai  i/ona,  foiuid  seven  ntrox  in  mcscjuite  compared  with  two  in  creosote 
bushes.  .\t  komatke,  12  miles  southwest  of  Phoenix,  they  were  in  a  salt  bush 
(Atriplex)  association,  bordering  a  sandy  desert  road.  Ruthven  (1907,  p.  593) 
collected  atrox  in  southern  Arizona  in  a  creosote-bush  association.  Oreenburger 
and  Ortenburger  (1926,  p.  117)  found  it  confined  to  plains  and  washes  in  a 
mesquite  association.  This  was  in  the  vicinity  of  Tucson. 

Mosauer  (19.82d,  p.  16)  found  western  diamonds  in  flats  in  the  Guadalupe 
Mountains  of  New  Mexico.  In  the  Colorado  Desert  (19.'?r)b,  p.  21)  he  found  them 
to  iidiabit  thickets  of  nicscpiite  and  stands  of  desert  willo^v.  They  did  not  often 
venture  into  the  ojxmi.  Huniphrev  (lO.St),  p.  .S29)  found  tluni  most  piesalcnt  in 
the  \icinily  of  1  ucson,  Ari/una,  at  altitudes  of  2,800  to  3,100  feet  in  the  better 
grassed  areas  and  up  to  4,000  feet  in  brushy  areas.  £.  H.  Taylor  (1936,  p.  497), 
collecting  in  Sonora,  came  upon  atrox  on  gravelly  flats  along  the  seashore,  and 
in  sand  piled  up  by  the  waves,  where  sand  beach  and  shrubs  met.  Here  there 
were  many  rodents.  Milsiead,  Mecham,  and  McClimock  (1950,  p.  544)  found 
atrox  to  favor  mesquite  and  creosote  bush  in  Terrell  Countv.  Texas.  The  most 
southerly  colonies  of  atrox  in  mainland  .Mexico  are  found  in  Oaxaca,  in  areas 
of  tiopical  thorn  forest  or  tropical  savannah  as  defined  by  Leopold  (1950,  pp. 
5M,  515). 

Although  this  rattlesnake,  over  most  of  its  range,  is  an  inhabitant  of  arid  low- 
land areas,  it  occasionally  reaches  altitudes  well  over  5,000  feet.  Near  Otowi, 
Sandoval  County,  New  Mexico,  specimens  were  collected  by  C.  M.  Bogert  at 
6,000,  6,200,  and  7,000  feet.  It  has  been  recorded  above  5,000  feet  near  Fort 
Huachuca  in  Arizona  Ir  ap]):iiently  readies  its  maximum  altitude  in  San  Luis 
Potosi,  Mexico,  where  it  has  been  collected  at  7.000  feet  near  lllescas,  and  at 
8,000  iei  t  near  .Alvarez.  It  is  found  below  sea  level  in  the  Salton  Kasin  of  River- 
side and  Imperial  counties,  California,  probably  down  to  -200  feet. 
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Mi'\i(an  W'rst-Coosl  Rnftli'snake  (C.  b.  hasiliscus).  Tliis  laiyc  lalllcr  is  usuallv, 
but  not  ciiiiicly,  restricted  to  the  coaiial  plain  oi  western  Mexico,  ironi  extreme 
southern  Sonora  to  Colima  and  northwestern  Michoacan.  Goldman  (1931,  pp. 
135,  253)  refers  to  this  as  a  part  of  the  Arid  Tropical  Zone.  At  Colima  this  rattle* 
snake  subspecies  is  apparently  quite  plentiful,  for  numbers  are  shipped  to  the 
United  States  each  year,  where,  in  the  snake-show  trade,  they  are  known  as 
Mexican  green  rattlers.  (They  arc  predominantly  red  when  young,  hui  olive 
green  when  fullv  ailuli.)  The  coastal  plain  at  Colima  is  described  by  Ciokhnan 
as  l)eiii<4  lar^clv  treeless  and  (  0\ered  witli  slioi  l  grass  but  lia\  ing  scattered  clunijis 
of  nirs(|uiit,  acacias,  and  otliei  thorn)  bushes  and  small  trees,  as  well  as  an 
abundance  ol  huge  cacti.  II  classified  according  to  the  vegetation  /ones  ol  Leo- 
pold (1950,  pp.  515,  516),  the  range  of  basitiscus  is  mostly  in  the  tropical  thorn 
forest,  with  an  extension  up  into  the  tro]}ical  deciduous  forest. 

Although  the  coastal  subspecies  (C.  b.  basiliscus)  may  reach  moderate  heights — 
a  specimen  is  recorded  from  near  Apatzingan,  Michoacin,  which  has  an  altitude 
of  about  3,200  feet — the  Oaxacan  subspecies  (C.  b.  oaxacus)  probably  reaches  a 
more  impressive  altitude,  since  one  of  the  2  known  specimens  was  taken  at  or 
near  the  city  of  Oaxaca  (Oaxaca  dc  Juare/).  Oaxaca.  Mexico,  which  has  an  ahi- 
tude  of  5,500  icet  and  is  surroimded  by  mountains.  This  is  an  area  oi  pine-oak 
forest. 

Sidewinder  (C.  cerastes). — Sidewinders  prefer  the  sandy  areas  of  the  desert,  yet 
they  are  by  no  means  restricted  to  sand,  for  they  arc  often  found  in  places  where 
the  surface  is  baked  hard,  and  where  stones  arc  strewn  aboin.  But  tlie\  do  occur 
in  the  most  txlienie  aieiiaceous  areas  and  the\  are  tare  or  absent  on  ujckv  hill- 
sides where  there  is  no  soft  ground  nearby.  II  the  territory  is  diverse,  sidewinders 
are  more  likely  to  be  found  in  the  flats,  particularly  about  sand  hummocks  or  along 
sandy  washes. 

For  example,  in  eastern  San  Diego  County  they  are  plentiful  along  the  sandy 
wash  of  San  Felipe  Creek,  from  Yaqui  Well  to  The  Narrows  and  beyond;  but 
up  the  rocky  side-canyon  of  the  Sentenac  they  have  never  been  taken,  although 
this  territory  has  been  hunted  assiduoush.  Xor  arc  they  present  in  In-Ko-Pah 
Goige,  Imperial  C>ounty.  west  of  (Coyote  Well.  Ilut  where  they  arc  able  to  follow 
washes  and  thus  reach  isolated  \alU\s,  ilie\  will  persist  thcic,  as  is  the  case  at 
La  I'uerta,  or  Mason  Valley,  of  eastern  San  Diego  County.  In  ilais  oi  this  kind 
they  are  by  no  means  restricted  to  places  where  the  soil  is  loose  or  sandy.  I  should 
say  that  the  ideal  territory  for  the  sidewinder  comprises  desert  flats  with  scat* 
tered  brush,  and  where  sand  hummocks,  crowned  with  mesquite,  or  sandy  washes 
are  prevalent.  And  they  can  exist  in  terrain  that  is  entirely  sand,  as  shown  by 
their  presence  in  the  sand  hills  in  Imperial  Couniv,  some  20  miles  west  of  Yuma, 
wht  rc  the  strip  of  dunes  is  fully  5  miles  wide.  1  have  found  them  in  the  sands  of 
Death  \'alliv. 

Alliioui;h  sidewinders  usuallv  sti  k  ni.iini)i;i!  holes  in  the  heat  of  the  dav,  they 
occasionally  rest  in  shallow  depiessions  which  they  themselves  make  in  the  sand, 
and  here  they  may  stay  until  the  heat  becomes  uncomfortable  (fig.  7:4).  1  have 
found  them  coiled  this  way  several  times.  I  particularly  remember  one  settled  in 
loose  sand  so  that  the  ridge  of  its  back  was  flush  with  the  surface;  this  was  in 
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Pusliaunlla  Claiiyon,  Rixersidc  Couiitv,  June  1,  1910.  Tiiis  scmibuiial  lias  been 
described  by  Ditmars  (1923.  p.  29),  Mosaucr  (19.'52a,  p.  71).  Gloyd  (1937.  p.  125), 
and  Cowles  (1915,  p.  221).  The  same  heddinfjf-donn  nu  tliod,  although  aiiril)uicd 
to  tigris  (-stephensi)  by  Heller  in  Meek  (1905,  p.  Iti),  was  probably  based  on 
observations  of  sidewinders.  Cowles  believes  that  in  the  rare  instances  when  side- 
winders are  found  nearly  or  completely  covered  by  sand,  the  covering  has  usually 
been  effected  by  the  wind  rather  than  by  the  shaking-down  motion  of  the  snake 
as  it  hollows  out  its  depression.  Dorothy  Hogner  (1938,  p.  109)  was  told  a  mythi- 
cal yarn  to  the  effect  that  sidewinders  bury  themselves  in  the  sand  with  only  their 
heads  sticking  out,  from  which  position  they  jump  out  at  the  unsuspecting 
passer-by. 

Sidewinders  arc  occasionally  icporicd  in  the  bottoms  ol  al)andoned  mine  shafts 
and  dry  wells.  Excej)t  in  the  case  ot  relatively  slialUnv  depressions,  they  are  no 
doubt  there  by  accident.  Dannaldson  (1938,  p.  7)  reports  sidewinders  in  rats'  nests, 
the  debris  of  deserted  cabins,  the  dried  carcasses  of  dead  cattle,  mine  shafts,  and 
tortoise  burrows.  Johnson,  Bryant,  and  Miller  (1948,  p.  274),  in  the  vicinity  of 
the  Providence  Mountains  of  San  Bernardino  County,  California,  found  cerastes 
most  conunon  in  low,  hot,  valley  bottoms,  especially  where  the  soil  was  of  a  fine, 
wind-deposited  type.  The  three  sidewinder  subspecies  do  not  appear  to  differ  to 
any  degree  in  tlic  diaiactcr  of  the  country  inhabited.  Alwavs  it  is  an  area  of 
extreme  aridity  and  hii;h  summer  temperatures,  with  some  sand  in  the  vicinity, 
either  wind-blown  or  freshet -carried. 

It  is  not  known  whether  the  sidewinder  ever  reaches  an  altitude  of  5,000  feel, 
although  it  may  in  a  few  places.  The  Mojave  Desert  subspecies  (C.  c»  cerastes), 
which  occupies  a  generally  higher  country  than  the  others,  is  found  at  least  up 
to  4,500  feet  in  Nevada  (Quartz  Spring,  Lincoln  County,  and  Sarcobatus  Flat, 
Nye  County)  and  4,200  feet  in  California  (near  Bishop,  Inyo  County,  and  Chal- 
fant,  Mono  County).  Two  subspecies  occur  below  sea  level:  C.  r.  cerastes  in 
Death  Valley,  wliere  it  has  been  reported  at  -250  feet  near  Furnace  Creek  Ranch; 
and  C.  c.  UUeroycpcus  along  the  shore  of  the  Salion  Sea  in  Riverside  and  Im- 
perial counties,  California,  at  an  elevation  of  about  -210  fecL 

Neotropical  Rattlesnake  (C.  durissus). — ^First  as  to  the  Central  American  sub- 
species (C.  d.  durissus):  March  (1928,  p.  55)  said  that  the  Central  American  rattle- 
snake is  not  found  on  the  coastal  plain,  but  rather  in  the  rolling  or  mountainous 
interior  o£  Honduras  and  Guatemala.  He  wrote: 

.MoTi'j;  tlif  Chainclcroii  and  upper  I'lua  rixt^i";  the  cascavcl  is  fomul  on  the  unwooded 
mouiuain  ranges  and  in  the  tall  grass  (often  as  high  as  a  man)  of  adjacent  poircros ...  at 
El  Plan,  £1  &ito,  and  Cofradia  they  are  found  in  the  potreros  and  on  the  rodiy  hillsides. 
They  are  rarely  Cound  on  the  low,  moist  bottom  lands. ...  In  the  neighborhood  of  Piml* 

cnto,  on  the  IMnn  River,  the  cTsr.ivel  is  orr.nsionally  met  in  the  cane  ficlrls. ...  Their 
favorite  haunts,  however,  are  the  higher  iocalilics,  and  tiie  occasional  specimens  found  in 
the  lowlands  are,  I  think,  of  accidental  occurrence. 

Stuart  (I9r)l,  J).  20)  reports  that,  in  Guatemala,  durissus  durissus  is  an  in- 
habitant of  a  subluunid  corridor  that  extends  from  the  Tehuantejiec  region  of 
Oaxaca,  Mexico,  across  central  Guatemala  into  northwestern  Honduras.  He  re- 
fers to  this  rattlesnake  as  belonging  to  a  xeric  fauna. 
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II.  C.  Clark  (  H)l-,  |).  IL')  siaUs  thai  tlic  Cicntia]  Aincritan  ratih  i  iiiliabils  dry 
interior  laljklatids.  Dunn  rcjjoru  this  snake  both  on  llie  Pacific  coastal  plain  and 
in  the  interior  highlands  of  Costa  Rica,  particularly  at  the  higher  elevations. 
He  doubts  its  occurrence  as  far  east  as  western  Panama,  for  a  collection  of  about 
12,000  snakes  from  Panama  did  not  include  a  single  rattler.  Picado  T.  (1931, 
p.  49)  says  that  durissns,  in  Costa  Rica,  is  most  prevalent  in  brushy  and  rocky 
areas.  W.  Leslie  Burger  collected  several  specimens  of  durissiis  in  Oaxaca  and 
Chiapas,  Mexico.  They  were  found  on  open,  wooded  hillsides  with  much  bnisli 
and  tall  grass,  and  frequent  rock  outcrops:  also  in  a  dry  savanna  witli  wooded 
anovos  ncarhv. 

The  subs]H■ciL^s  f'.  (I.  (lurlysu.s  asrcfids  to  nuKkiatc  he  ights;  it  has  l)itn  (olUdcil 
near  Cloniitan,  Ciiiapas,  .\Ic\ico,  at  3, 200  feet;  near  Coban,  Guatemala,  at  about 
4,300  ieet;  and  near  Cariago,  Costa  Rica,  at  4,760  feet. 

The  northwestern  subspecies  (C.  d,  culminatus)  avoids  the  lowland,  so  far  as 
is  known.  It  is  found  in  the  mountainous  areas  of  Michoacin,  Guerrero,  and 
Morelos,  Mescico,  at  altitudes  from  about  2,800  feet  (Acahuizotla,  Guerrero)  and 
S,200  feet  (Xochicalco,  Morelos)  to  7,000  feet  (Omilteme,  Guerrero).  Davis  and 
Smith  (1953,  p.  1  !!)  fnimd  it  rather  common  in  the  low  mountains  south  of 
Tcpaltzint^o,  Morelos.  I  lu  territory  inhabited  is  extremely  rongh,  and  altitudes 
are  seldoni  recorded  with  accuracy;  it  is  refeired  to  by  Ciolchiian  (1 9') I)  as  extend- 
ing from  the  Arid  Upper  I  rojncal  Zone  to  the  Lower  Austral  Zone.  Leopold 
(1950,  |).  510)  refers  to  the  vegetative  cover  of  most  of  the  territory  occupied  as 
a  temperate  pine-oak  forest. 

The  Yucatin  subspecies  (C.  d.  tzabcan)  is  a  lowland  rattlesnake,  inhabiting 
the  forested  areas  of  the  Yucatin  Peninsula.  This  is  a  country  of  numerous  rock 
outcrops,  and  vegetation  varying  from  sparse  to  dense.  Leopold  (1950.  p.  514) 
places  the  principal  parts  of  ilic  peninsula  inhabited  by  tzabcan  as  in  the  tropical 
evergiecn  and  tropical  rain  forest  areas. 

1  he  last  of  the  North  Ameriran  subspecies  of  C.  c!uri.ssii<;  is  the  Totonacan 
rattler  (C  d.  tottitmcus)  louiicl  on  the  (iulf,  or  ea^tein,  slope  ol  the  Sic-rra  Madre 
ol  soutlierii  Laniauliixis.  soutlu  astern  San  Luis  I'otosi,  and  noiiiiern  Veraeiu/. 
Lhis  is  an  area  of  tropical  llioru  and  tropical  deciduous  forests  (Leopold,  1930, 
pp.  515,  516),  but  totonacus  ranges  into  the  temperate  deciduous  forest,  for  it 
reaches  an  altitude  of  at  least  5,200  feet. 

With  regard  to  the  South  American  subspecies  (C.  d.  terrificus),  it  seems  to 
be  agreed  that  in  a  continent  often  erroneously  thought  to  be  mostly  tropical 
jungle,  the  rattlesnakes  characteristically  occur  in  dry  and  arid  sections.  Andr^ 
(1901,  p.  IGO)  reported  that  they  were  common  in  arid  districts  along  tlie  north 
coast  of  Venezuela.  They  were  not  seen  in  the  forests.  \V.  Leslie  liur!:;er,  who 
collected  several  rattlers  in  \'ene/nela.  found  some  on  the  .\tava  Leiiinsula  in 
ai  id  aic  as  it  sc  inbling  souihu estei  n  Ari/ona.  Not  only  his  ow  n  collec  ting,  but 
such  authentic  data  as  were  obtained  from  the  n.iti\t  s,  poiiiied  to  a  desert-scrub 
habitat.  These  rattlers  occur  on  the  arid,  northeastern  shore  of  Lake  Maracaibo. 

Beebe  (1946,  p.  51)  found  terrificus  rare  in  the  jungle  at  Kartabo,  British 
Guiana,  where  only  3  were  taken  in  8  seasons;  it  was  more  common  in  the  open 
llanos  or  savannas  of  Caripito,  Venezuela.  Wavrin  (1939,  p.  135)  reported  that 
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in  the  Amazon  area  rattlers  live  in  dry  savannas  or  rocky  sections.  They  are  not 
found  in  marshes  or  forests  subject  to  o\cr(lo\v. 

In  soullu'in  Br;i/il,  accordint;  to  Dr.  Eduardo  \''a/,  ol  the  Butantan  Institute, 
rattlesnakes  occur  in  dry  and  sandy  areas.  Dr.  \'ital  Bia/il  (1911,  p.  52;  p.  t)l  of 
the  French  edition)  reported  that  they  occupy  dry  areas,  with  fields,  rocks,  and 
clumps  of  brush.  Machado  (1945,  p.  55)  found  them  prevalent  in  dry  areas  where 
there  are  dense  thickets.  The  highest  altitude  that  1  have  seen  reported  for  this 
subspecies  is  6,100  feet,  on  Mt.  Naiguat^,  Estado  de  Miranda,  Venezuela.  I  pre- 
sume it  occurs  at  stUl  higher  levels  in  Colombia  and  Venezuela. 

In  general,  it  can  be  said  that  the  various  subspecies  of  the  Neotropical  rattle- 
snake, in  both  North  and  South  America,  are  most  jirevalent  in  sections  somewhat 
resembling  our  own  arid  Southwest.  This  is  signifuant,  in  view  of  the  availa- 
bility ol  vast  expanses  of  forest  and  other  areas  of  heavy  rainfall  and  dense 
vegetation. 

Loxi'cr  California  Rattlcsnahr  (C.  cnyo). —  The  soutliern  subspecies  (C  c.  enyo) 
is  most  plcnlifu!  in  the  Ciape  region  of  Baja  Califorin'a  from  La  Pa/,  to  San 
Jose  del  C;ai)o,  a  region  generally  arid,  with  a  profusion  of  cacti,  xerojilivtic 
shrubs,  and  rocks.  Ihe  northern  subspecies  (C.  e.  funnis)  occurs  in  the  San 
Quintin  Plain,  an  area  much  like  western  San  Diego  County,  but  somewhat 
more  rocky  and  with  a  lighter  brush  cover. 

Timhcr  Rdttlesnakc  [C.  h.  horridus). — A  number  of  !uy  correspondcnls  have 
commented  on  the  kind  of  tenaiii  tenanted  by  the  timber  rattler,  the  rattle- 
snake of  greatest  interest  to  those  living  east  of  the  Mississippi  River  and  north 
of  the  Gulf  stat«.  I  have  already  mentioned  the  altitudes  at  which  horridus  is 
found  in  the  Appalachian  Mountains. 

Moderately  steep,  rocky  ridge-tops  with  light  ground-covering  seem  to  be  best  suited  to 
the  timber  rattlesnakes,  as  most  of  them  are  found  in  this  kind  of  terrain  in  this  section 
oi  the  country.  C.  B.  Clarkt  U.  5.  Forest  Service,  Duffield,  Va. 

o 

During  their  active  season  tiiulHT  rattlers  spread  out  from  iheir  dens  over  tonsickral)le 
distances — a  mile  or  more — going  wherever  food  is  likely  to  be  found,  but  for  the  greater 
part  restricting  their  travels  to  the  wooded  sections.  Only  occasionally  is  a  rattler  reported 

as  ha\iii^  been  foiiml  in  an  open  ricld,  ;uul  then  rarclv  more  th.in  a  qtinrtcr  of  a  mile  or 
so  from  the  nearest  wooded  area.  Many  are  found  near  rocky  ledges.  Charles  O.  Hundley, 
fish  and  Wildlife  Setvice,  Bleeksburg,  Va, 

•o 

It  has  been  noted  that  high,  rocky  ridges,  having  a  southern  exposure,  are  much  used  by 

rattlers,  espcciallv  during  the  cnrlv  s|)riiip;  and  latr  fall.  riu'\  arc  ne\ei  found  where  the 
ground  cover  is  dense,  except  wiicn  on  llie  move.  When  found  on  ilic  rocky  2ilo|>es,  or 
ridges,  rattlers  are  usually  coiled  In  a  spot  that  affords  some  shade,  even  if  the  spot  Is 
wdl  exposed  where  the  rattler  is  lying.  When  found  in  the  shady  coves,  the  ratilcr  prefers 
to  lie  toilcKl  imder  sparse  ferns,  whose  shadows  form  a  good  camouflage  for  tin-  '■nake, 
owing  to  the  paiteni  of  sun  and  shade  on  tlic  ground.  These  spots  seem  to  be  preferred 
fbr  feeding  grounds.  John  H.  Stanley,  U.  S.  Forest  Service,  Andrews,  N.  C. 

Stej)hen  11.  ffarwig,  of  I'ittsbui gli.  informs  me  thit  in  western  Pennsylvania 
the  timber  rattlesnakes  arc  most  often  found  on  the  same  lockv  hillsides  where 
their  winter  dens  are  located.  I  hey  apparently  prefer  ledges  that  liave  a  fairly 
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substantial  brush  co\-er,  particularly  of  huckleberry.  The  dense  shade  of  trees, 
however,  is  less  often  sought. 

Most  of  those  who  li.nc  jjublished  dat;i  on  the  habitat  of  the  timber  tattler 
agree  that  it  jircfers  ixjcky  wasteland,  without  too  dense  a  cover.  Among  these 
have  been  Morse  (1904,  p.  138.  Ohio),  T.  E.  B.  Pope  (1925a,  p.  17;  1925b,  p.  130, 
Wisconsin),  Guthrie  (1926,  p.  189,  Iowa),  Babcock  (1929,  p.  28,  New  Engkmd), 
Hibbard  (1936,  p.  281,  Kentucky),  Conant  (1998,  p.  118;  1951,  pp.  118,  256, 
Ohio),  Hudson  (1942,  p.  86,  Nebraska),  Lueth  (1941b,  p.  21,  Illinois),  McCauley 
(1945,  p.  137,  Mar\land),  Allyn  (1918,  p.  13,  Indiana),  and  Barbour  (1950,  p.  106, 
Kentucky).  Several  mention  timber  as  being  also  frequented,  but  not  heavy 
stands.  Netting  (1932,  p.  13)  says  that  although  these  rattlers  prefer  hills  and 
mountains  w  ith  ledges  of  broken  roc  k,  in  eastt  rn  Pcnn^yh  ania  and  farther 
south  they  may  inhaliit  sphagnum  bogs  and  swamps,  and  may  wander  tlnough 
farms  in  search  of  food.  In  August  there  is  a  trek  from  the  dry  ridges  to  the 
valleys  for  water.  King  (1939,  p.  577)  says  they  prefer  second  growth  clearings, 
rocky  slopes,  and  oak-pine  woods  in  die  Great  Smoky  Mountains  National  Park. 
Beyer  (1900,  p.  42)  mentions  theur  habit  of  coiling  beside  fallen  logs. 

Agricultural  developments,  timber  cutting,  and  the  encroachments  of  other 
human  activities  have  probably  circumscribed  the  range  of  the  timber  rattle- 
snake more  than  that  of  any  other  subspecies.  It  has  been  completely  exter- 
minated in  some  aiTas,  such  as  in  Maine  (Fobes,  1951,  jx  530)  and  on  Long 
Island  (Engelhardt,  Xidiols,  Latham,  and  Murphy,  1915,  ]).  3),  and  has  been 
greatly  reduced  in  numbers  elsewhere  in  its  great  range,  where  it  is  now  almost 
entirely  restricted  to  wild  and  primitive  places.  This  was  the  rattlesnake  first 
met  by  the  British  settlm  in  the  northeastern  states;  and  as  early  as  1744  Bar- 
tram  (p.  358)  commented  on  its  disappearance  from  the  vicinity  of  Philadelphia; 

and  Kalm  (1752-53,  p.  132;  1758,  p.  28fi)  and  Pennant  (1787,  p.  88)  noted  ite 
decline  in  other  populous  sections.  Warden  (1810,  p.  13)  said  rattlers  were  StiD 
common  on  the  banks  of  the  Potomac  at  Washington  when  he  wrote.  Packard 
(1886,  p.  736)  discussed  their  range  in  New  England,  where  they  still  exist  in 
isolated  and  scattered  colonies,  usually  in  rocky  aieas,  in  every  state  except  Maine. 

The  following  statements  arc  applicable  to  the  southern  subspecies,  that  is, 
the  canebrake  rattler  (C.  h.  atricaudatus): 

Ratdesnakes  like  high,  ridge  lands  but  without  too  dense  undci^owth.  /.  A.  Hale,  Dis- 
trict Came  Warden,  Boligee,  Ala. 

•o 

I  have  iu\(  i  found  a  rattlesnake  in  thick  grass,  brush,  or  briars.  Houcvcr.  t!u  v  enter  such 
places  when  danger  is  near.  I  have  found  them  in  thick,  and  iliin  siands  of  liinbcr.  The 
coverii^  may  be  very  thidi  just  above  the  ground,  but  the  actual  surface  of  the  ground 
has  .iluays  been  relatively  clear  of  an\  thick  growth  where  they  have  been  found.  Herbert 
P.  Rice,  U.  S.  Forest  Sen/ice.  Meadville,  Miss. 

o- 

A  logging  crew  killed  56  rattkrs  on  one  40-aare  tract  of  timber  having  a  heavy  under- 

growth  of  palmettos  in  1"  (!a\s  tunc.  The  snakes  scetn  to  prefer  bottom  lands,  in  SWampS, 
as  ihcy  would  be  tulicd  by  nun-Louisiunians.  /.  M.  Slm'iiiii,  Alexandria,  La. 

■o 

Previous  to  the  building  of  the  "Airline  Highway"  in  the  swamps  three  miles  bade  from 

us,  there  was  a  very  large  colony  of  cnnclnakc  rattlers  in  a  ratlur  small  :u(a  at  the  re;ir  of 
the  plantation  ju&l  below  us.  The  building  of  the  highway  through  itiis  section  resulted 
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in  killing  ofT  or  dispersing  this  colony.  It  was  a  true  cancbrakc  tliirkct  of  ranc  rmls  (many 
people  mistakenly  believe  that  a  cancbrakc  rcfci's  to  a  field  of  sugar  cane)  in  what  is  re- 
ferred to  here  as  "high  ground."  That  is.  it  is  about  three  or  four  feet  higher  tliaii  the 
surrounding  very  flat  ftdcb.  Because  of  the  wide  drainage  ditches  which  surround  all  fields, 

it  would  he  natural  to  assume  tliat  the  rattlesnakes  of  this  section  must  cross  consideraMe 
water  from  linic  to  time,  but  tins  is  not  positive.  George  P.  Meade,  Gratiuity,  La. 

-o- 

Rattlcrs  live  near  bamboos  and  under  the  hollow  bark  of  dead  trees,  and  in  thick  pal- 
mettos, or  on  the  ground  under  deal  leaves  in  summer.  Charles  J.  Jioudreaux,  Abbe- 

villr,  I. a. 

Call'  (1910,  pp.  12,  96)  states  that  atricaudatm  is  found  in  wire-grass  flatwoods 
in  northern  Florida.  Clark  (1919,  p.  nieniions  its  (xcurrcncc  both  in  treck 
bottotiis  and  on  rocky  ridges.  Allen  and  Neill  (19r)Ue,  p.  19)  list  the  ioUouing 
habitats  of  this  subspetics:  overgrown  lieids  in  abantloncd  farms;  under  tlic 
floors  of  deserted  cabins;  thickly  wooded  areas  bordering  lakes  or  streams;  and 
brushy  hollows  full  of  fallen  logs  and  rank  weeds.  In  the  hot  season,  they  may 
be  found  in  areas  of  heavy  timber  and  sometimes  in  actual  swamp.  The  true 
cancbrakes  arc  gone  now,  so  they  say;  thus  the  common  name  is  hardly  appropriate 
for  this  rattlesnake. 

Small-Headed  Rattlesnake  (C.  intermedins). — ^This  small  rattlesnake  occurs  only 
in  the  mountains  of  southmi  Mexico.  Most  specimens  of  the  eastern  subspecies 

(C.  /'.  intrrmrdlits)  that  I  iiavc  studied  were  collected  in  the  general  vicinity  of 
Las  Vigas  and  El  Limon  Totalco,  Veracruz,  at  altitudes  of  from  7,800  to  8,500 
feet.  Goldman  (1951,  p.  274)  says  there  is  a  greater  luxuriance  of  vegetation  along 
this  eastern  border  of  the  Mexican  tableland  tliaii  is  picscnt  farther  west  in  the 
interior.  This  is  the  tropical  evergreen  forest  of  Leopold  (1950,  p.  514).  The 
maxinmra  elevation  at  which  this  subspcties  has  been  found  is  10,000  feet  on 
Cerro  San  Felipe  in  Oaxaca. 

The  Omilteman  subspecies  (C.  t.  omiltemanus)  occurs  between  elevations  4,500 
and  7,900  feet  in  the  area  between  Chilpancingo  and  Omilteme  in  Guerrero. 
This  is  a  rough  and  somewhat  arid  country,  at  least  up  to  7,000  feet,  above 
which  there  is  usually  a  more  profuse  vegetation.  Chilpancingo  is  in  a  scrub- 
oak  association.  Oiiiiltcmc  is  higher,  amid  steep  moimtains  with  a  dense  cover  of 
pine  and  witli  plenty  of  water. 

R.  \V.  Axtell  wiote  me  that  specimens  of  omiUcmanus  collected  by  him  came 
from  rather  open,  pinc-covercd  slopes  at  between  7,700  and  7,800  feel.  Places 
exposed  to  the  sunlight  most  of  the  day  were  preferred.  None  were  located  in 
the  hardwood  cloud-forest  environment.  Some  specimens  were  found  under  pine 
logs  or  bark,  others  while  sunning  themselves. 

Roek  Rattlesnake  (C.  kpiclus). — ^The  rock  rattlesnake  is  primarily  a  mountain 
form,  and  is,  as  its  name  iinplies,  a  rock  dweller.  With  regard  to  the  easterly 
subspecies,  the  mottled  rock  rattlesnake  (C.  /.  lepidits),  L.  T.  Murray  (1939,  p.  13) 
reported  that  it  seeks  inaccessible  rocky  places  in  the  higher  parts  of  the  Chisos 
Mountains  of  Texas,  where  it  has  been  collected  up  to  7,000  feet;  in  the  Davis 
Nfountains  it  has  been  foimd  as  high  as  6,800  feet  on  Mt.  Locke.  It  does  not 
occur  in  the  flats  at  tlie  base  of  the  mountains  and  is  found  only  rarely  in  the 
mountain  valleys. 


Copyrighted  material 


534      Populations  and  Ecolofry 

111  Terrell  Cf)unty.  I  exas,  Milstcad,  Mctli:ini.  and  .Mt(:limo(  k  ( )'.)')(),  p.  311) 
found  the  mottled  rock  rattlesnake  in  a  persinunon  ^hill  oak  association.  It  was 
largely  restricted  to  pncipitous  rinirotk  and  to  a  narrow  strip  adjacent  to  the 
base  of  the  outcropping  limestone.  It  was  found  either  on  bare  limestone  or 
rimrock,  under  rodus  lying  on  other  rocks,  or  under  rocks  lying  on  humus.  Col. 
M.  L.  Crimmins  informed  me  that  in  Real  County,  Texas,  this  subspecies  was  found 
at  altitudes  of  from  2,000  to  3,000  feet,  in  rocky,  dry  watercourses.  At  sundown 
the  snakes  were  lying  on  rocks  or  logs,  and  when  disturbed  took  refuge  under 
flat  stones.  In  Mexico,  this  sid)specie$  has  been  found  as  high  as  9,600  feet  on 
Cerro  Pcnon  Blanco,  San  Luis  Potosi. 

From  my  coirespondents  the  following  notes  arc  available  on  the  westcrh  sub- 
species,  the  banded  rock  rattlesnake  (C.  I.  klaubrri),  which  is  to  be  loimd  in  a 
number  of  mountain  ranges  in  southwestern  New  Mexico  and  southeastern 
Arizona,  as  well  as  farther  southward  deep  into  Mexico: 

I  found  one  specimen  of  klauberi  in  Rock  Creek  Canyon,  at  alx>ut  7,000  feet,  and  another 
in  Ward  Canyon  at  7,500  feet  in  the  Chiricahua  Mountains.  The  fint  was  found  near  a 

creek  l)cd.  the  latter  on  the  edge  of  a  rock  slide.  Both  retreated  immediately. 

In  the  Chiric.ihiias.  klauberi  was  found  in  ihc  •^nmc  vitinitions  as  was  prirci.  hnl  it  u  ;is 
not  so  common  as  the  latter.  In  the  lliiachuca^  ilicii  numbers  were  reversed,  only  one 
prieei  being  taken  compared  with  more  than  SO  khiuberi.  In  the  Huachucas,  klauberi  was 
found  in  the  same  associations  as  fnicei  uas  fouiul  in  the  Chiricahuiis,  that  is,  principally 
rock  slides,  but  also  grassy  mountain  meadows  and  brush.  Though  not  all  the  canyons  were 
collected  thoroughly,  I  believe  that  klauberi  and  prieei  are  equally  common  in  the  llua- 
chucas  and  Chiricahuas,  respectively — ^the  west  slope  of  the  Huachucas  excepted,  due  to 

associations  and  con(lilif)ns.  Only  ont-  fnirri  wns  taken  on  the  cast  slope  of  the  Chiricalnias, 
though  similar  conditions  exist  as  on  the  west,  i'ossibly  more  collecting  on  that  slope  would 
reveal  more  specimens.  No  specimens  of  klauberi  were  taken  on  the  west  slope  of  the 
Huachucas,  owing  to  the  vastly  different  type  of  country.  Chaparral  and  steep  slopes  greatly 
hindcrcii  colcttiii'.^  tluTf.  and  the  (lifJicnltv  in  collecting  rralh'  wns  an  important  factor,  as 
the  crest  itself  was  no  short  distance  from  camp.  But  in  the  rocky  canyons  on  the  east  slope 
the  collecting  was  excellent.  Lawrence  H.  Cook,  San  Diego,  Calif. 

In  the  Chiricahuas  the  banded  rock  rattler  is  met  with  on  the  fairly  open  slopes,  with 
some  groiaid  cover,  and  in  rock  slides  and  outcrops  at  about  7,000  feet  and  above.  It  is  a 
very  timid  snake.  /.  T.  Wright,  Tucson,  Ariz. 

Carlton  IViVins  :m<l  I  h.\(\  the  followini;  (xpciimces  collecting  the  banded  rock  rattle- 
snake, in  Ramsey  Canyon,  Huachuca  Mountains.  Arizona,  in  1933:  On  July  20,  we  found 
a  small  one  sunning  itself  on  a  rock  at  the  bottom  of  a  ravine  (9:30  a.m.,  air  temperature 
90"  I  l  i  e  triinuirs  Liter  another,  slightly  larger,  WIS  ftXind  on  pine  needles  on  a  ledge 
near  the  liotlom  of  a  clilf.  I  failed  to  see  this  one  and  stepped  on  the  edge  of  its  l>ody, 
upon  which  it  struck  my  shoe.  Another  was  found  lying  beside  the  trail  (2  I'.m.,  95*  ¥.). 
Two  days  later  we  found  one  that  was  blind  and  dull  from  the  skin-changing  process.  It 
was  under  loose  rocks  on  a  shelf  about  half-way  up  a  cliflP.  It  rattled,  lllu^  t;i\in;  itMlf 
awav.  when  we  walketl  over  the  lotks  i<>  am.,  80"  F  ).  Another  was  found  lying  besitle  the 
Hail  at  noon  (85°  F.).  It  sought  reluge  under  a  rock.  On  July  23,  at  2:05  i*..M.  (75"  I  .)  we 
found  one  at  6,000  feet  sunnii^  itself  beside  a  boulder  at  the  base  of  a  cliff.  Next  day  at  the 
same  altitude  we  found  another  under  a  flat  boulder.  It  rattled  when  the  boulder  was  walked 
on  (9  A.M.,  75°  F..  windy).  On  July  21,  a  small  one  was  found  in  the  open  at  fi.OOO  feel  ,  it 
rattled  and  crawled  under  a  Hat  rock  (9:45  a.m.,  75°  F.).  On  July  26  we  found  a  pair  at  the  IJ. 
and  A.  Mine  in  upper  Ramsey  Canyon.  They  were  sunning  themselves  beside  a  small  pile  of 
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loose  rock  on  the  shelf  of  a  cliff.  Both  rattled;  one  retreated  into  a  hole  and  the  other  did 
likewise,  but  in  so  doing  only  concealed  about  a  lliird  of  its  length  (10  a.m.,  75°  F.,  6,7U0  feet). 
At  10:30  another  advertised  its  presence  by  rattling  when  we  stepped  on  loose  rocks  under 
which  it  was  hidden.  .Several  \u<(.is  weie  alongside  the  rocks.  At  2  p.m.  (75"  F..  5,700  feci), 
a  small  one  was  found  on  the  rim  of  Box  Canyon,  lying  in  the  trail.  A.  Pierce  Artran, 
Los  Angeles,  Calif. 

Dr.  M(  niy  Skinner,  in  1905,  was  probably  the  first  to  employ  the  method  o£ 

collcctinq;  these  rock-inhabiting  snakes  that  most  siibsetiiicnt  collectors  have 
acl()[)tc(l  — that  is,  by  rapping  on  rocks  under  which  they  may  be  hidden,  thus 
(ausing  ihcin  to  rattle  and  disdose  their  jjresencc  (W.  Stone,  1911,  p.  2?^2).  (iloyd 
(1937,  p.  127)  found  these  little  rattlers  in  piles  ol  rock,  sunning  themselves  on 
the  tops  of  flat  rocks,  or  beneath  stones  or  pieces  of  bark.  Although  the  concealed 
snakes  would  sometimes  rattle,  he  reported  the  sound  so  faint  it  could  be  heard 
with  difficulty. 

Woodin  (1953,  p.  294)  collected  a  number  of  specimens  of  klauberi  in  the 
Huachucas  at  elevations  of  5,300  to  7,000  feet.  Most  of  them  were  found  in  rock 
slides,  but  a  few  were  in  other  rocky  areas,  and  one  was  in  a  grassy  sj)ace  far 
from  rocks.  The  maximum  altitudes  that  I  have  seen  lecorded  for  this  sidjspecies 
are  7,200  feci  in  the  Huaduitas,  7. .500  feet  in  the  Chirieahiias,  in  Arizona:  7,200 
feet  in  the  Pinos  Altos  Mouiiiains  in  New  Mexico;  and  8,000  feet  near  Coyotes, 
Durango,  Mexico, 

As  to  the  Tamaulipan  subspecies  (C.  /.  tnorulus),  I  have  been  advised  by  Paul 
S.  Martin  that  at  least  two  of  the  type  series  came  from  the  humid  east  slope  of 
the  Sierra  de  Guatemala,  Tamaulipas,  Mexico,  at  an  altitude  of  about  5,300 
feet.  They  were  found  in  a  relatively  level  pocket  on  a  rocky  mountain  trail  from 
G6mez  Farias  to  La  Joya.  Here  there  were  large  pines,  oaks,  a  few  sweet  gums, 
and  firs.  The  pocket  was  siirroinuled  by  steep,  rocky  ridges,  with  scattered  pines 
and  a  wealth  of  low  agaves.  Aiujther  was  found  in  the  corral  of  a  cattle  ranch, 
also  a  level  place  in  a  rocky  area.  A  fourth  specimen  may  ha\e  been  taken  on 
the  arid  western  slope  of  the  moiuuains.  It  is  now  known  that  the  subspecies 
has  an  altitudinal  range  of  at  least  3,900  to  G,200  feet. 

Speckled  Rattlesnake  (C.  mitchclli). — 1  he  speckled  rattlesnake  is  jjriinarily  a 
rock-inhabiting  species,  this  being  true  of  all  four  sidxspccies  the  San  I.iuan 
speckled  rattler  {C.  m.  rtiiti  helli)  of  ct  iitial  and  southern  liaja  California;  the 
soiuhwesteru  speckled  raithi  in.  f)yyrlnis)  ol  southern  (California,  western 

Arizona,  northern  Baja  CaliliJiiua,  and  e.vtreme  northwestern  Sonora;  the  Pana- 
mint  rattler  (C.  m.  stephensi)  of  east-central  California;  and  the  dwarfed  form 
(C.  m.  muertensis)  of  rocky  £1  Muerto  Island.  Throughout  its  range,  it  may  stray 
for  short  distances  onto  desert  flats  or  sandy  washes,  and  in  coastal  southern 
California  the  subspecies  pyrrhus  frequents  chaparral  or  cactus;  but,  generally 
speaking,  wherever  it  is  found,  boulders,  rock  piles,  or  t  lifls  w  ill  not  be  far  away. 
Althotigh  occinring  in  the  coastal  and  the  iidand  valley  and  mesa  .subzones  of 
San  Diego  Cxnintv,  ii  is  laie  there,  compared  with  its  gieater  pievalente  iti  the 
rocky  foothills  oi  both  the  Avestcrn  and  eastern  slojX's  of  the  moiuilaius.  I  lie 
occasional  stra)s  along  the  coast  arc  presumed  to  have  been  carried  down  by 
river  floods. 
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'I'wo  othci  kinds  ol  i aitlcsnakes,  the  souihci  n  Pacific  and  red  diamond,  arc 
about  as  common  in  the  coastal  and  mesa  areas  as  ihcy  arc  lariher  back  in  the 
foothills;  and,  as  their  food  requirements  arc  the  same  as  those  of  the  speckled 
rattlers,  there  must  be  some  other  reason  why  the  latter  can  compete  with  them 
in  the  foothills  but  has  failed  to  become  established  along  the  coast.  Possibly  it  is 
the  lack  of  rocks,  the  speckled  rattlers  requiring  rock  crevices  for  refuges,  whereas 
the  others  utilize  dense  shrubs,  cacti,  or  mammal  holes.  But  more  probably  it 
is  a  cjucstion  of  atmospheric  humidity,  especially  fogs,  for  mf)st  of  the  rnngc  of 
pyrrlnis  is  more  xeric  than  those  of  helleri  and  nihcr.  The  difTiciilty  is  not  rain- 
fall, since  the  annual  precipitation  in  the  cisnioiitane  foothilK,  which  l>yrrlius 
sharc-s  with  the  other  two,  is  about  double  that  experienced  along  the  coast,  where 
only  an  occasional  stray  is  to  be  found. 

In  the  Mojave,  Colorado,  and  Sonoran  deserts,  one  finds  scattered  mountain 
peaks  and  ranges  rising  above  the  surrounding  plains.  In  the  flatlands  and  on 
the  great  alluvial  fans,  the  characteristic  rattlers  are  the  sidewinder  (C.  cerastes), 
the  western  diamond  (C.  atrox),  and  tlie  Mojave  rattler  (C.  s.  scutulatus).  V>\  no 
means  are  all  thrcf;  found  e\eiy\vhcre;  each  has  its  ( haracteristic  niche,  although 
territories  where  aiiv  two  occur  logether  arc  (juite  extensive.  Rut  as  soon  as  the 
base  ot  a  mountain  is  reached,  with  its  tumbled  boulders  or  rocky  canyons,  there 
some  form  of  the  speckled  rattler  is  likely  to  be  met.  Often  the  species  that  prefer 
the  flats  will  be  found  far  up  the  sandy  washes,  thus  overlapping  the  range  of  the 
speckled  rattler. 

I  should  not  wish  to  convey  the  idea  that  the  subspecies  of  mitchelli  are  addicted 

to  barren  boulders  exclusively,  for  within  their  rocky  habitats  they  often  seek 
the  shade  of  bushes  just  as  do  the  oilier  rattlesnakes.  Both  stephcjisi  and  pyrrhus 
have  been  oljserved  issuing  from  mammal  holes  at  dusk,  so  ihis  kind  of  refuge 
is  not  shunned.  A.  Pierce  Artran  leporls  having  found  a  southwestern  speckled 
rattler  in  a  rat's  nest  in  Arizona.  But  more  often  they  have  been  discovered  con- 
cealed under  rocks  or  in  crevices.  On  at  lesM  two  occasions,  I  have  found  the 
southwestern  speckled  rattler  (pyrrkus)  lying,  as  if  by  design,  in  front  of  a  hori- 
zontal crevice  in  which  it  took  refuge  upon  my  approach.  Johnson,  Bryant,  and 
Miller  (1948,  p.  275),  in  the  Providence  Mountains  of  the  ^^  j  ive  Desert,  found 
pyrrlius  in  rocky  outcrops,  talus,  and  deep  canyons  along  the  Ijasc  of  the  range. 

The  subspecies  C  rn.  7>ui('rt('nsis  occurs  only  on  the  rocky  islet  of  Kl  Mtierto 
of  the  San  I.uis  gioup,  in  the  Gulf  of  (lalifoi  iiia.  T^r.  (  liai  lc  s  II.  Lowe,  Ji  .,  the 
collector  of  the  type  series,  reported  that  all  nine  specimens  were  within  20  icct 
or  less  of  safe  retreats  in  rocky  crevices  or  holes.  The  intense  daytime  heat  and 
lack  of  shading  vegetation  made  it  imperative  that  they  be  near  readily  accessible 
shelters  from  the  sun.  I  was  advised  by  Nelson  K.  Carpenter,  an  ornithologist, 
that  at  dusk  the  little  rattlers  come  down  to  the  beach,  where  they  are  found 
among  the  drift  just  above  the  tide  line. 

As  to  rdtiludes,  the  subspecies  C.  rn.  pyrrhus  is  occasionallv  found  U[)  to  5,000 
feet  or  somewhat  above;  for  example:  About  'j.iiOO  Icei  at  C^aiuon  I'rielo  near 
Prescott,  Yavapai  Coiuity,  Arizona;  5,300  feet  at  LI  Pinon,  San  Pedro  Martir 
Mountains,  Baja  California;  5.000  feet  near  Keys  View  and  also  between  Idyll- 
wild  and  Keen  Camp,  Riverside  County;  and  5,500  feet  in  the  Providence  Moun- 
tains, San  Bernardino  County,  California. 
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The  Pananiiiu  rattler  (C.  m.  stephensi)  occurs  still  higher  in  the  rocky  canyons 
on  the  east  slope  of  the  Sierra  Nevada,  where  it  has  been  taken  at  7.000  feet  on 
Bishop  Creek,  Inyo  County.  This  subspecies  shows  a  strong  addiction  to  arid, 
rock-strewn  places. 

Black-Tailed  Rattlesnake  (C.  molossus) 

I  took  a  nortlu  rn  Iilacktail  (C.  m.  molossus)  in  some  vegetation  among  rocks  about  100  feet 
from  ihe  stream  in  the  Graham  Mountains,  Arizona.  On  Post  Creek,  a  very  large  blacktail 
was  taken  right  at  the  urater's  edge  on  a  flat  rock.  This  was  afanost  at  the  edge  of  the 
canyon  where  it  opens  into  the  valley— just  a  few  hundred  yards  from  the  end  of  the 

steep  mountain  sides  and  the  Ix-ginninp  of  the  vallcv.  Tlic  hiarkiail  sccins  to  he  the  most 
prevalent  rattler  in  this  rangp,  and  all  the  rattlers  apparently  live  near  the  streams.  O.  N. 
Arrington,  Phoenix,  Ariz. 

One  black-tailed  rattler  in  Ward  Canyon,  Chiricahua  Mountains,  was  found  coiled  in  an 
open  area,  but  near  rocks  and  brush.  Another  was  taken  in  Rock  Credi  Canyon  under  a 
log.  Still  another  tnolofstu  was  collected  in  lower  East  Turicey  Credt  Canyon  in  a  diaparral 
area  near  some  brush.  Lawrence  H,  Cook,  San  Diego,  Colif. 

<> 

Collecting  in  the  Huachuca  Mountains,  Carlton  Perkins  and  1  found  four  black-tailed 
rattlen  between  July  21  and  2S.  The  conditions  were  as  follows:  The  fiist  was  sunning  itself 
on  a  brown  patch  of  grass  at  the  top  of  a  gorge.  It  rattled  and  swiftly  took  refuge  under  a 
rock.  This  was  at  9  a.m.,  air  tcni(>craturc  90"  F.  The  second  was  roilrcl  at  the  entrance  to  a 
hole  under  a  boulder,  into  which  ii  immediately  retrcuicd  upon  seeing  us.  We  required 
two  hours  to  move  the  boulder,  and  then  it  went  farther  in  under  roots  and  roCks,  so  that 
it  took  another  half  hour  to  catch  the  snake,  which  had  been  first  located  at  10  a.m.,  90*  F. 
A  couple  of  days  later  we  got  the  other  two.  We  found  a  cast  skin  beside  a  boulder  and 
upon  raising  it  found  the  snake  beneath;  this  was  at  10  a.m.,  75°  F.,  6,000  feet.  The  last 
rattler  was  found  with  its  head  under  a  rode,  as  if  trying  to  hide;  2  p.m.,  75*  F..  6300  feet. 

In  Montosa  Canyon  in  the  Sania  Rita  M()iin!:iirts  wr  f;ot  three,  one  crawling  up  a  rocky 
trail  in  a  wash  at  6:15  p.m.,  one  under  a  boulder  near  camp  at  9  a.m.,  and  one  behind  a 
rat's  nest  in  a  sort  of  cave  in  a  bank  at  2  p.m.  A.  Pierce  Artran,  Los  Angeles,  Calif. 

-o 

I  have  collected  rattlesnakes  in  sonthcnstcrn  New  Mexico,  in  or  near  Carlsbad  Caverns 
National  Park,  some  of  which  were  blackiails.  In  that  area  there  are  numerous  small  lime- 
stone caves  and  crevices  in  the  rodi  strata  wliidi  the  snakes  frequent,  and  it  b  usually 
rather  risky  to  enter  such  places  without  carefully  examining  them.  Harold  J,  Brodrick, 
National  Park  Sermee,  Yellowstone  Park,  Wyo. 

Although  in  Arizona  the  blacktail  is  lai:gely  a  mountain,  or  at  least  an  Upper 

Sonoran,  form,  preferring  tree-shaded  stony  canyons,  it  is  occasionally  found  in 
the  Lower  Sonoran  zone,  particularly  in  rocky  foothills.  A.  E.  Ball  told  me  of 
findint^  it  even  out  in  the  broad  vallcvs  and  plains  of  Cochise  Couiuy,  Arizona. 
Oricnburgcr  and  Ortenburgcr  (1926,  p.  119)  state  tliat  the  blacktail  prefers  rocky 
canyons,  Mosaucr  (1932d,  p.  17)  refers  to  its  habitat  in  rocky,  wooded  canyons. 
MacCoy  (1932,  p.  21)  found  one  on  driftwood  and  twigs  of  bushes,  four  inches 
above  ground.  Another  was  found  lying  on  twigs,  leaves,  and  sand  by  the  side 
of  a  large  rock  near  a  heavy  cover  of  bushes.  Humphrey  (1936,  p.  329)  reports 
molossus  at  altitudes  of  4,200  to  4,800  feet  in  tree-shaded  canyons,  Gloyd  (1937, 
p.  128),  in  the  Fiuachucas,  found  thcin  in  rocky  slopes  with  l  oose  stones,  at  the 
edges  of  rock  slides,  on  ledges  below  trails,  and  one  on  a  pile  ol  boards  in  a  shed. 
L.  T.  Murray  (1939,  p.  13)  states  that  in  the  Chisos  Mountains,  Texas,  the  black- 
tail  is  usually  found  above  4,0U0  feet,  in  wooded  and  giassy  locations. 
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Milstead,  Mecham,  and  McClintock  (1950,  p.  544),  in  Terrell  County,  Texas, 
encountered  bl.uktails  in  the  porsimmon-shin-oak  association  among  rimrock 
and  outcropping  limestone.  Woodin  (1953,  p.  295)  collected  uiolossus  at  2,500 
feet  in  the  Tucson  Mountains  ol  Arizona,  and  at  5,300  to  7,000  Icet  in  the 
Muachucas.  He  had  a  report  of  one  found  at  the  very  top  of  Miller  peak  (9,440 
feet).  It  has  been  reported  as  high  as  9*000  feet  in  the  Cliiricahua  Mountains 
of  Arizona.  Gloyd  (1937,  p.  128)  obtained  molossus  at  elevations  varying  from 
5,200  to  8«000  feet  in  the  Huachucas. 

I  am  informed  that  the  Mexican  black-tailed  rattlesnake  (C.  m.  nigrescens)  is 
also  a  mountain  dweller,  addicted  particularly  to  rocky  situations.  It  has  been 
recorded  as  high  as  8,000  fe  et  nc  ai  Coyotes,  Durani^o,  and  at  the  same  altitude 
in  the  Pat/cuaro  Basin,  Michoacan.  The  Nelson-Goldman  expeditions  collected  a 
number  of  specimens  at  altitudes  of  from  7,200  to  8,500  feet.  The  upper  levels 
were  in  the  Transition  Zone,  with  abundant  vegetation.  Leopold  (1950,  p.  510) 
assigns  most  of  the  area  occupied  by  nigrescens  to  the  temperate  pine-oak  forest. 
It  is  probable  that  some  southern  blacktails  are  found  in  mesquite  grassland, 
just  as  the  northern  subspecies  is  sometimes  found  in  the  arid  valleys  between 
mountain  ranges. 

Mexican  Larice-Hcaded  Rattlesiiake  (C.  polystictus). — Paul  D.  R.  Ruthling  told 
me  of  collecting  rattlesnakes  of  this  species  in  the  tules  of  Lake  Chapala,  Jalisco, 
Mexico.  They  were  quite  plentiful  in  tule  stands  above  the  water,  and  took  refuge 
in  the  water  when  annoyed.  About  20  to  25  were  seen.  This  was  on  August  21, 
1919.  But  by  no  means  all  of  the  rattlesnakes  of  this  species  that  have  been  col- 
lected were  found  in  such  aquatic  situations.  Of  one  place,  Plateado,  Zacatecas, 
where  Goldman  collected  polystictus,  he  says  (1951,  p.  288): 

Specimens  taken  at  7.riOO  feet  ne.ir  the  town  and  at  altitude*  up  to  8,r>00  feet  in  the  nearby 
Siena  Moroni  were  all  labeled  "Plateado.  "  The  rollinp  plains  near  Plateado  are  mainly  open 
and  giass  covcml.  The  slopes  of  the  Siciia  Moroni  above  about  7,600  feel  are  covered  with 
oaks,  and  pines  grow  along  the  crest  of  the  range.  Upper  Sonoran  Zone. 

Specimens  ot  pol\sti(  tus  w  hose  altitudes  can  be  determined  would  indicate  an 
ahitudinal  rani»c  of  from  4. SOU  to  8,000  feet,  mostly  in  the  temperate  pine-oak 
forest  of  Leopold  (1950,  p.  510). 

TwifirSpotted  Rattlesnake  (C.  price!). — The  Arizona  subspecies  (C.  p.  pricei^  is 

quite  common  in  the  Chiricahua  Mountains  of  southeastern  Arizona,  and  some* 
what  less  so  in  the  Pinalcnos,  Dos  Cabezas,  Santa  Ritas,  and  Huachucas.  Pccu- 
liaily  enough,  it  dominates  in  ninnbers  its  competitor,  the  banded  rock  rattler 
(C.  /.  klauben),  in  the  Chiricaiuias,  whereas  the  situation  is  reversed,  with  the 
latter  the  more  plentifiil,  in  the  Huachucas.  This  species  is  not  found  in  the 
plains  between  the  mountain  peaks;  the  several  montane  populations  are  isolated 
from  each  other. 

Lawrence  H.  Cook  collected  about  30  specimens  of  this  subspecies  for  the  San 
Diego  Society  of  Natural  History  in  the  Chiricahuas  in  1931,  and  reported  as 
follows: 

Two  specimens  of  pricci  were  found  in  Barfoot  Park  on  the  17th  and  18th  of  June.  Another 
was  taken  on  the  Crest  trail  near  Rustler  Park  on  the  28th  of  June.  Live  specimens  were 
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(akcn  in  l  ong  Park,  head  of  Roik  Crcok  Cnnvon  lO.OflO  (ret),  Rork  C'lcrk  Canyon  (7.500 
feci),  and  Ward  Canyon.  One  was  iuund  in  each  of  the  first  two  localities,  but  the  largest 
number  came  from  Ward  Canyon.  One  in  Long  Park  was  found  in  a  grassy  area,  and  at  the 
head  <tf  Rock  Greek  Canyim  on  a  small  ledge  of  a  large  boulder.  Those  in  Rock  Creek 
Canyon  were  from  a  slope  widi  shiiihs,  nxks,  pra^s,  and  agaves.  In  Ward  Canyon  ihey 
seemed  to  occur  in  all  siiuaiiuns,  iur  I  luund  ihcni  in  or  near  rock  slides,  near  gra.ssy  tree- 
Studded  areas,  in  brush,  and  in  the  open. 

o 

I  tollcitcd  a  tu  in  spotted  r.ittln  in  the  Pinalcno  or  Crahani  Mountains  at  al)out  7,000  feet. 
It  was  13  k-et  from  a  stream  in  a  pile  of  rocks  with  sparsely  growing  vegetation  and  debris. 
O.  N.  Arrm^on,  Phoenix,  Ariz. 

Gloyd  (1937,  p.  131)  {ollcctcd  four  specimens  in  the  Cliiricalnias  at  7,200  feet. 
He  iound  one  coiled  in  sunlight  on  a  ledge,  another  in  a  buiuh  of  gravs,  a  third 
coiled  on  a  horizontal  flat  stone  at  the  edge  of  a  rock  slide,  and  ttic  fourth  near 
the  crest  of  the  ridge  in  a  shallow  crevice  among  ferns,  mosses,  and  lichens.  The 
character  of  the  country  in  the  Huachucas  and  Chiricahuas  where  klauberi  and 
pricei  are  found  is  discussed  by  Gloyd  (pp.  84-88).  Woodin  (1953,  p.  295}  col- 
lected pricei  in  the  Huachucas  at  7,000  feet.  One  was  taken  on  a  rainy  afternoon, 
lying  in  the  open  near  a  creek. 

In  Mexico  most  of  the  area  inhabited  by  l)rirt'i  is  considered  by  Leopold  (1950, 
p.  510)  to  i)C  in  the  temperate  pine-oak  association.  This  has  been  verified  by 
several  field  collectors.  The  maximum  elevations  from  which  pruei  has  been 
reported  arc  9,000  feet  in  the  Chiricahuas  and  8,900  feet  in  the  Pinalenos,  in 
Arizona;  and  8,400  feet  at  La  Unidn,  Chihuahua,  and  8,500  feet  near  Las  Adjuntas, 
Durango,  Mexico. 

The  Miquihuanan  subspecies  (C.  p.  miquihuanus)  is  found  in  the  temperate 
pine  oak  association  of  southern  Nuevo  Le6n  and  southwestern  Tamaulipas, 
Mexico. 

Tancitaran  Dusky  Rattlesnake  (C.  pusillus). — This  little  rattlesnake  is  found  at 
moderate  altitudes,  usually  above  5,000  feet,  in  Jalisco  and  Michoacin,  Mexico. 
Gadow  (1908,  p.  513)  found  one  in  a  fallen,  decaying  tree  trunk.  Dr.  F.  ,\.  Shan- 
non lias  advised  me  of  the  terrain  where  they  oct  iir  on  Cerro  Tanci'taro,  Michoa- 
can.  This  peak  reaches  an  altitude  of  12,GG0  feet.  'I'he  little  rattlt  rs  were  most 
plentiful  at  aliout  (),()()()  feet,  wheie  there  was  a  jjiue  forest  mixeil  with  oaks,  aiul 
with  volcanic  Kxk  scattered  about.  I  hc  snakes  were  not  in  the  pure  pine  lorest, 
but  weie  most  often  near  the  rocks. 

Red  Diutnorid  liatthsriakc  (C  r.  rid)er). — Ecologically  speaking,  this  snake  has  a 
fairly  wide  tolei  auce.  .Mthough  it  o(  (  lus  only  in  the  (ialilornias,  it  occupies  .areas 
quite  diverse  in  character,  w'here  the  rainfall  ranges  from  about  3  to  30  inches 
per  annum,  and  the  vegetation  is  correspondingly  variable,  l-or  example,  in  San 
Diego  County  it  is  found  from  the  cool  ocean  shore,  through  warm  inland  valleys 
and  mesas,  to  foothills  covered  with  dense  chaparral.  It  avoids  the  mountains 
above  about  4,000  feet,  but  recurs  on  the  easterly  slope,  which  is  much  more 
rocky  and  barren,  and  continues  its  range  well  out  onto  the  floor  of  the  desert. 
The  most  easterly  records  are  3  miles  west  of  Hcnsons  Dry  Lake  in  .San  Diego 
County,  and  3  miles  ^\■est  of  Plaster  Cil\,  Imjn  rial  Couutv.  It  is  of  interest  to  note 
that  both  of  these  records  overlap  the  range  of  the  most  typical  of  desert  rattle- 
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snakes,  tlu-  sitkw  iiulcr.  by  15  miles  or  nioic.  In  Haja  C>alilninia  rulx  i  is  louiui 
exLciiijivcly  in  arid  areas.  At  its  norilieily  liniii  iu  California,  it  has  crossed  the 
San  Gorgonio  Pass  and  has  become  established  in  the  Morongo  Valley.  However, 
it  barely  reaches  into  San  Bernardino  County,  although  widely  prevalent  in 
western  Riverside  Ck>unty. 

As  to  local  niches,  although  brush-shrouded  granite  boulders  and  cactus  patches 
are  favorite  lying-out  places,  this  snake  is  by  no  means  restric  ted  to  tlurn.  I  have 
found  it  in  grassy  fields,  orchards*  amid  brush  of  all  kinds,  beneath  the  bare 
rocks  of  the  lower  desert  slopes,  and  in  santh  desert  washes.  But  in  ranging  about, 
it  seems  to  prefer  hea\  \  l>rush.  i  lie  follo\ving  table  indicates  the  relative  fre- 
quency of  roadside  conditions  ulu  u  ruber  has  been  found  alive  or  run  over: 


Louis  P.  Faldbnr'^  of  Cluda  Vista  has  thus  described  his  experiences  in  collecting 
the  red  diamond  rattler  in  San  Diego  County: 

Conilitions  umli  r  whirli  rnttlrsn.nkcs  .irc  found  \;iry  somewhat  with  altitude  and  ason  of 
the  year.  On  tiic  ucsi  and  soulti  slopes  ut  Solcdad,  San  Miguel,  and  Black  mountains,  red 
diamond  rattlesnakes  are  readily  found  during  the  fall,  winter,  and  early  spring  months, 
and  especially  on  warm  days  preceding  rains.  These  snakes  are  generally  found  in  a  coiled 
position,  in  shcltcit  d  (,a\cs  of  mik.  at  tin-  mouth  of  a  lock  crevice  or  hole,  just  far  enough 
out  to  allow  the  sun  to  strike  thcui.  I  have  reason  lo  believe  they  crawl  out  during  the  day 
and  back  again  at  night.  Cor  on  several  occasions  I  have  found  them  in  the  act  of  coming 
out  about  noontime.  As  spring  advances  and  the  hot  dry  days  of  summer  come,  the  snakes 
on  these  slopes  heromr  far  less  numerous.  If  found  at  all  they  are  In  a  stretchcd-out  position 
or  crawling  through  the  brush. 

On  the  lower  lands,  between  the  foothills  and  the  ocean,  these  red  rattlers  are  rarely 
found  during  the  winter  months.  However,  beginning  in  February  and  during  the  spring 
months  until  June,  thev  arc  rcatlilv  foimd  in  \hc  warm,  sunshiny  ravines,  wiih  slopes  fating 
llie  south  that  Iiave  an  abundance  of  cacti,  sumac,  and  brush,  and  arc  protected  fiom  the 
west  winds. 

On  these  lower  levels,  between  foothills  and  ocean,  beginning;  in  June  and  during  the 
summer  and  early  fall  rnoiuhs,  a  change  in  the  activity  of  those  led  laiikrs  is  noticed.  They 
are  then  not  alone  conlnied  to  any  place  or  condition  as  in  the  springliaic.  As  a  mailer  of 
foct,  they  are  apt  to  be  found  any  place.  They  seem  then  to  be  possessed  of  a  roving  nature. 
I  have  found  them  crawling  in  the  open  and  the  brush  as  well,  at  all  times  of  the  day  from 
davlight  till  daik.  I  fiavc  also  found  them  coiled  and  resting  at  all  times  of  the  dav;  and 
liave  found  many  instances  suggesting  ihai  tliey  travel  a  good  deal  al  night  during  the 
summer  months.  At  this  time  of  the  year  I  rarely  find  than  in  pairs  or  close  together.  The 
cactus  is  a  favorite  place  for  finding  them,  and  I  do  not  remember  e\'er  finding  a  snake  on 
these  lower  levds  that  was  not  in  a  cactus  dump,  or  within  a  few  feet  of  one. 

The  San  Lucan  diamond  rattlesnake  (C.  r.  lucasensis),  a  subspecies  of  ruber, 
lives  under  somewhat  similar  conditions  in  southern  Baja  California.  It  is  most 
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prevalent  nniid  heavy  hinsli  and  rocks  about  the  Cape,  hut  is  also  found  in  the 
desert  east  of  Magdalena  liay,  and  in  other  arid  sections  in  tlic  soutlierly  third  o£ 
the  peninsula. 

Mojave  Rattlesnake  (C.  s.  scutulatus). — In  Cialifomia  the  Mojave  rattlesnake  is 
exchisively  a  desert  snake.  I'hcse  greenish  latilers  are  found  in  nianv  types  of 
terrain,  but  are  prohahK  most  common  in  le\el  areas  having  a  liglu  brush  cn\er, 
such  as  that  between  Mo|avc  and  Baistow.  In  this  area  they  arc  almost  entirely 
noctui  nai,  so  tliat  when  they  are  (  aught  the  exact  natiue  of  the  sin  roinulings 
in  which  they  are  found  must  be  ascertained  by  revisits  in  da)lighi.  I  lia\e  louud 
them  in  rather  barren  wastes  but  not  in  the  playas  themselves,  in  grass,  light 
brush,  and  heavy  brush,  amid  yuccas  and  cacti,  and,  higher,  in  the  Joshua-tree 
forests.  They  are  not  absent  from  rocky  areas,  but  seem  to  have  no  particular 
need  of  rocks,  and  in  most  rocky  sections  are  likely  to  be  supplanted  by  one 
of  the  subspecies  of  C.  mitchelli,  either  the  southwestern  spedtled  rattler  (C.  m. 
pyrrlnis)  or  the  Panatuint  rattler  (C.  tn.  \trf)lirnsi).  Johnson,  Ri7ant,  and  Miller 
(1918,  J).  275)  found  scutulatus  in  gently  sloping  alluvial  fans,  where  the  soil  was 
coarse,  rather  fn  nily  packed,  and  cut  bv  shallow  washes.  This  was  near  the  Provi- 
dence Mountains  of  San  lieiiiardino  (ioimty. 

In  Arizona  the  Mojaxc  rattler  is  found  in  the  same  sin  romulings  as  the  western 
diamond  (C,  atrox),  a  competitor  that  is  absent  from  most  of  the  California  range 
of  scutulatus.  The  Mojave  is  common  in  the  brush-covered  plains  south  and 
northeast  of  Kingman,  and  between  Salome  and  Wickenburg.  North  of  Wicken* 
burg,  in  a  country  of  grassy  plains,  creosote-bush  mesas,  watercourses  fringed  with 
mesquite,  and  rocky  hills,  it  is  quite  prevalent,  probably  more  so  than  the  western 
diamond.  It  is  also  found  farther  north  than  atrox,  for  it  occurs  in  the  rock-  and 
tree-studded  prairies  north  of  Prcscott,  at  least  as  far  as  Drake  and  northeast  to 
Sedona.  .\bout  Tucson  scutulatus  is  niodcraielv  (onuuon  among  nicsquitc,  creso- 
sote  bush,  and  (atti.  Here  again  it  shows  a  prc(crcmc  for  flat  countiy,  leaving 
the  rocks  to  sucli  species  as  the  tiger  and  bhuk-iailecl  lattlers.  Lee  VV'.  Arnold, 
collecting  near  Tucson,  took  three  specimens  in  mcscjuite,  and  one  each  in  opuntia, 
cholla,  and  burroweed.  Woodin  (1950,  p.  295)  found  scutulatus  in  southern 
Arizona  at  the  bases  of  the  mountains,  and  at  elevations  of  not  over  4,900  feet. 
A  professional  collector  operating  near  Mohawk  found  most  of  his  specimens  in 
the  early  morning  under  the  banks  of  dry  washes.  Whether  the  Mojave  rattler 
hibernates  in  rocky  areas  I  do  not  know.  For  many  years  it  was  confused  with 
the  prairie,  western  diamond,  and  other  rattlers,  so  that  some  of  the  older  reports 
arc  not  trustworthv.  In  the  soiuhcrly  part  of  its  lange  in  Afexico,  C.  s.  scutulatus 
occurs  primal  ily  in  the  botanic  /ones  called  bv  I  x  ()pf)ld  (1950,  pp.  512,  513)  tlie 
temperate  mcsquilc-grassland  and  lo  a  Ic^bci  cxicni  in  the  desert. 

The  Mojave  rattler  has  been  taken  up  to  4,950  feet  in  the  Providence  Moun- 
tains, San  Bernardino  County,  California;  above  5,000  feet  near  Prescott,  Arizona; 
and  up  to  6,800  feet  in  the  Chiricahua  Mountains  of  Arizona.  In  Mexico  it  is 
found  still  higher,  for  it  has  been  collected  at  7,700  feet  on  £1  Oro  Mesa,  near 
Santa  Barbara,  (  luhuahua.  But  it  is  not  exclusively  a  high-altitude  snake,  for  it 
occurs  at  sea  level  in  extreme  northwestern  Sonora. 

The  soutliern  subspecies,  the  Huamantlan  rattlesnake  (C.  scutulatus  salvini). 


Copyrighted  material 


542       Populations  and  Ecology 

appaicntlv  oc  c  ui  s  only  at  liigli  allitucli  s,  lliat  is,  helwct  n  r),(H)()  ami  8,H(K)  tect.  Tlu 
type  locality,  Huaiuantla,  Tlaxcala,  is  dcsciilKd  as  being  on  a  high  interior  pkiiu 
(8,300  feet)  in  the  Upper  Sonoran  Zone  (Goldman,  1951,  p.  208).  Another  place 
where  salvini  occurs  near  Tehuacin,  Puebla,  is  reported  as  arid,  but  with  a 
luxuriant  growth  of  desert  plants,  including  yuccas,  palmettos,  and  giant  cacti. 
Goldman  (p.  237)  assigns  the  area  to  the  Lower  Austral  Zone.  Leopold  (1950,  pp. 
512,  513)  refers  to  these  as  temperate  pine*oak  and  mesquite-grassland  associations. 

Long-Tailed  Rattlesnake  (C.  stejnegeri). — was  told  by  Langan  W.  Swent,  who 
succeeded  in  having  a  collector  get  two  specimens  for  me,  that  they  were  found 
on  the  border  of  a  pine  forest,  at  the  upper  edge  of  a  canyon  dissecting  a  plateau. 

Tiger  Rattlesnake  (C.  tigris). — This  is  another  rock-inhabiting  form,  preferring 
rocky  hillsides  or  canyons.  For  example,  it  has  been  found  on  A  Mountain,  a 
rocky  hill  near  Tucson,  and  in  Sabino  Canyon.  Humphrey  (1936,  p.  329)  collected 
7  specimens  at  altitudes  varying  from  2,800  to  4,800  feet,  all  in  rough,  rocky 
places.  It  also  occurs  in  rocky,  scmidesert  areas  around  Guaymas,  Mexico.  Com- 
pared with  most  mainland  rattlesnakes  whose  ranges  have  been  established  with 
considerable  accuracy,  it  has  a  cjuite  rcsiiicied  range,  Un  it  is  found  only  in  a 
relatively  narrow  north-and-south  strip  in  Arizona  and  bonora. 

Cross-Banded  Moxtntnin  Ixufth  suakc  (C.  transvcrsns). — Little  is  known  concerning 
this  recently  described  rattler,  lor  the  fnvt  f)f  the  three  known  specimens  was  not 
re])oitecl  until  1910.  It  occurs  up  to  lO.OOO  feet  soulliwcst  ol  Mexico  City,  in 
what  Leopold  (1950,  p.  509)  considers  a  temperate  boreal  lorest  area. 

Dusky  Rattlesnake  (C.  triscriatus). — The  Mexican  dusk\  rattlesnake  is  a  moun- 
tain fc^nn,  reaching  higher  ele\ations  than  are  attained  bv  anv  other  species. 
Karlier  in  this  chapter  1  ha\e  uu  ulionetl  ilic  altitudes  at  which  it  has  been  louncl. 
It  often  occurs  in  locky  aicas,  akiujugli  not  icstricted  theielo.  (.adcnv  (1908,  p.  (il) 
found  it  under  pine  trees  on  a  carpet  of  asphodels  and  tussock  grass  at  12,500  feet 
on  Mt.  Orizaba.  He  states  (p.  513)  that  this  species  is  characteristic  of  moist  Mexi- 
can mountains.  Paul  D.  R.  Ruthling  came  upon  a  specimen  on  Mt.  Ajusco  at 
about  13,000  feet  among  patches  of  snow  where  bunch  grass  grew  profusely.  An- 
other was  found  under  similar  conditions  on  Ori/aba  at  about  15,000  feet.  In  a 
letter  Ruthling  commented  on  the  probability  that  this  species  is  restricted  to 
montane  islands; 

The  peculiar  lliing  al)out  tlic  two  little  C.  Itisrriitlu^.  is  that,  altlioiiirli  c<»lle<tt(l  in  places 
possibly  23U  miles  apart,  the  habitats  were  very  similar,  lor  miles  in  between  were  arid 
desert  or  semidesert  valleys  that  would  hardly  provide  means  of  transition  for  the  species. 
It  w'uiihl  seem  that  there  are  isolated  islands  of  these  rattlers,  separated  by  barriers  of  lower 
open  country  of  a  different  nature. 

Davis  and  Sniith  (1953,  p.  Ml)  found  triseriatus  a  fairly  common  snake  in  rocky 

and  grassy  situations,  especially  near  water.  This  was  in  Morelos.  Owing  to  the 
high  altitudes  at  whicli  these  little-  raiileis  li\c',  ihev  ate  frec|ucntlv  found  basking 
in  the  siui  in  the  open  on  clear  days;  on  cloudy  or  rainy  days  they  usually  seek 
seclusion. 

Dr.  F.  A.  Shannon,  who  with  his  associates  collected  a  large  series  (34)  of  C.  t. 
triseriatus  on  Cerro  Tancitaro,  Michoacin,  has  kindly  advised  me  concerning  the 
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surroundings  where  the  little  snakes  were  found.  Most  of  the  collecting  was  done 
hciAvecn  5,500  and  10,600  feet;  the  mountain  reaches  an  altitude  of  12,660  feet. 

He  wrote: 

'1  he  laiilcis  were  most  common  at  an  altitude  of  6,000  foet,  where  the  general  vegeiaiiuii 
was  ])ine  forest,  with  oak  mixed  in  around  the  large  extruding  vulcanic  rocks,  especially  in 
dearings.  They  were  almost  never  in  the  pure  stands  c/t  pine  forest,  but  were  seen  and 
taken  around  and  licncatli  tlie  big  rocks.  Thev  would  often  escape  beneath  ihcsc  lotks  as 
they  were  fairly  alert  for  rattlesnakes.  One  was  found  under  a  log,  another  in  thick  under- 
brush on  a  south-facing  slope  of  a  canyon,  and  a  third  on  the  edge  of  a  pine  and  oak  forest 
bordering  a  ravine.  In  several  areas  around  Tandtaro,  the  volcanic  rodcs  were  so  thick 
(pedrcgal)  and  so  free  of  soil  i}".;!!  !ln\  Mijjportcd  little  veg(tati\c  (0\cr  except  algac  and 
mosses.  While  no  rattlers  were  taken  in  these  lilack  rocks,  they  were  quite  abundant  around 
the  perimeter.  This  was  in  June  and  July-  SpednKns  from  wdl  up  the  mountain  were 
usually  taken  on  granitic  boulders,  where  they  were  sunning  tliemsdves.  Tiie  surrounding 
vegetation  was  coarse  grass  and  scrubby  pines.  The  maximum  devation  at  which  a  rattler 
was  found  was  10,600  feet. 

The  northern  subspecies  (C.  L  aquilus)  is  also  said  to  be  addicted  to  rocky 
places,  but  with  grass  and  trees  about.  It  is  a  mountain  form,  but  does  not  readi 
tlie  extreme  ahitiidcs  attained  by  its  southern  relative.  Most  of  the  area  that  it 
occupies  is  assigned  l)v  Ixopold  (1950,  p.  512)  to  the  temjxjratc  mesquite-grassland 
asso(ialion,  although  some  liscs  to  the  pine-oak  lorest. 

Aruba  Island  Rattlesnake  (C.  unicolor). — Aruba  island,  ofT  the  coast  of  Vene/uela, 
the  only  place  where  this  rattlesnake  occurs,  is  arid  and  dry,  except  during  a 
short  rainy  season.  It  was  said  to  have  been  heavily  wooded  in  ])rc  Cioliimhian 
days,  but  subsetjuenily  ttie  trees  were  cut  down  lor  charcoal,  and  erosion  has  pre- 
vented leforestation, 

Wrstrrn  Rattlrsnnkc  (C.  viridis). — This  species  ranges  over  so  wide  a  teiritoiy, 
with  such  di\orgcnt  ecological  charac  teristics,  that  the  several  sid)si)ecies  will  be 
discussed  separately.  I  have  already  mentioned  in  this  chapter  the  maximum  alti- 
tudes at  which  some  of  the  subspecies  have  been  seen. 

Prnirir  ]iatlh-s}\(ikr  ((].  v.  viridis). — This  sid)spe(ies  of  the  western  rattlesnake 
is  an  iiiluibitant  of  the  western  j^rairies  up  to  and  including  the  foothills  of  the 
Rockies.  It  prefers  the  giassy  plains,  country  with  a  light  bnI^h  c()\cr,  or  areas 
where  sandstone  outcrops  and  buties  arc  numerous.  But,  of  all  habitats,  it  is  prob- 
ably most  at  home  in  the  grassy  plains,  the  country  of  the  prairie  dog  and  the 
burrowing  owl— or  was,  before  the  advent  of  the  white  settler. 

Rattlers  are  located  in  the  bluSi  and  rocky  paru  of  the  county.  C.  C.  Hendricks,  Oberlin, 
Kans. 

o 

Ratttesnakes  prefer  rocky  places  in  this  dterlct.  H.  D.  Byrue,  Concordia,  Kans, 

Rattlers  are  discovered  occasionally  in  the  sand-hill  area,  and  in  the  southeast  along  the 

Missouri  River,  cspeciallv  in  rock  lf<li,'es  Iwrdering  streams.  They  arc  not  common  in  this 
state;  too  mucli  of  the  land  is  cultivated.  M.  Dardwell,  Lincoln,  Nebr. 

When  away  from  their  dens  in  the  summertime,  prairie  rattlesnakes  may  be  found  in  any 
sort  of  surroundings,  in  grasslands*  or  sagebrush  types.  Glenn  Flatkers,  U.  S.  Forest  Service, 
Camp  Crook,  S.  Dak. 
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As  for  the  kind  ol  country  in  which  prairie  rattlesnakes  range,  I  have  seen  them  un  the 
prairie,  in  foothilk,  and  among  the  buttes.  Their  summer  refuge  is  usually  under  slab- 
rocks  in  the  buttes.  and  under  lumber  piles,  or  old  debris,  on  the  prairie.  They  often  use 

an  old  gopher  hole;  or  a  pile  of  rocks  is  a  good  place  to  expert  them.  Rattlers  seem  to 
prefer  a  dry  country;  however,  it  is  not  unusual  to  find  them  along  a  small  creek  or  stream. 
Calvin  A.  Bowman,  U.  S.  Forest  Service,  Deer  Lodge,  Mont. 

Prairie  rattlesnakes  prefer  the  rolling  prairie  country  where  there  is  a  limestone  formation. 
William  T.  Sweet,  Butte,  Mont. 

Rattlesnakcs  arc  likely  to  be  most  active  between  sunrise  and  simsct.  They  seek  the  shade 
<if  sliriil)s,  rocks,  lu)les,  trees,  plants,  etc.,  diirinf;  clear  hot  (ia\s.  Thev  den  for  the  most  part 
in  rock  slides,  small  caves  in  rocks,  and  deep  fissures  in  cliffs  and  escarpments.  In  summer 
they  are  usually  found  in  grasslands.  siq;ebrush,  greasewood,  scattered  ponderosa  pine  lands, 
or  barren  ground.  B,  A,  Goodman,  V.  5.  Forest  Service,  Stanford,  Mont. 

Rattlesnakes  are  usually  found  around  the  badlands  and  rocky  sand&tone  ledges  below 
6,000  feet  devation.  W.  J.  Petermann,  U.  S.  Forest  Service,  Meeteetse,  Wyo. 

<- 

In  ttie  summer  I  have  found  rattlers  most  plentiful  around  prairie-dog  towns.  William 
Lakanen,  Game  Warden,  Rawlins,  Wyo. 

o- 

Rattlesnakes  are  most  often  found  on  dry  hillsides  and  flats.  It  does  not  seem  to  matter 
much  as  to  the  type  of  cover;  I  have  found  them  in  heavy  timber,  in  the  brush,  and  on 
grassy  or  barren  areas.  Norman  R.  Tripp,  V.  S.  Forest  Service,  Slater,  Colo. 

In  the  high  country,  rattlesnakes  are  more  active  during  the  day.  when  they  will  be  found 
out  in  the  open  in  the  sun;  they  seem  to  prrfer  to  stay  among  the  rocks  and  bluffs  at  other 
times,  probably  because  the  rocks  hold  the  heat  for  a  considerable  time  after  the  SUn  goes 
down.  O.  J.  Oison,  U.  S.  Forest  Service,  Buckliom,  N.  Mex. 

In  the  liiiici  root  Mountains  at  the  southwestern  corner  of  Montana,  the  prairie 
rattlesnakes  filter  through  the  mountain  passes  into  the  I.tinlii  X'allcy  oi  Idaho. 
Farllu  r  westwaitl  clown  the  Salmon  Riv(.:r  this  siibsjiecies  iiiit  1 1^! adt  s  with  the 
noriheni  Pacific  rattlesnake  (C.  oregnniis).  In  this  western  ouipost,  ilir  praiiie 
rattlers  inhalut  teriiiorics  quite  diitercnt  Irom  ilieir  accustomed  prairies  and  grass- 
lands of  ihi  ti])per  Missouri  basin. 

Kallle!>nakc.s  in  tlie  Salmon  horcst  frequent  the  south  expoMircs  where  it  is  warm  and  dry. 
They  prefer  such  situations  to  areas  having  heavy  timber  stands.  T.  V.  Pearson,  V.  S. 
Forest  Sennce,  Salmon,  Idaho. 

■o 

Rattlesnakes  are  likely  to  be  encountered  in  any  kind  of  terrain,  open  grass,  sagclirush, 
rocky,  etc,  until  suinniei  temperatures  prevail,  at  which  time  they  are  usually  ciu(niiUered 

in  slide-rock  strcrdu  s  win  ir  nindiark,  i hokcdut rv,  niahn£>;anv.  and  ttilur  siiadt  prnducing 
shrubs  offer  protection  from  tlit  sun.  Iru  tn  C.  Robertson,  U.  6.  tortst  Stn  iic,  Salmou,  Idaho. 

Because  the  prairie  rattlesnakes  arc  so  conspicuous  at  the  dens,  when  entering 
in  the  fall  or  leaving  in  tlic  sprint;,  as  cf)nipared  with  the  infi  (  (lueiu v  with  which 
they  ate  ctK  Oiiniei  ed  vvhen  dispersed  over  thrii  sinnmer  range,  most  of  the  accounts 
of  their  ecology  are  aflcticd  by  the  character  of  the  ground  where  the  dens  are 
located.  Probably  they  seek  the  open  grasslands  more  than  is  generally  supposed, 
although  necessarily  influenced  by  the  nature  of  the  ground  preferred  by  their 
rodent  prey. 
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Grand  Canyon  Raitlesnnke  (C.  v.  abyssus). — ^This  snake,  as  its  name  implies,  is  a 
resident  of  the  vast  rocky  clifls  of  the  Grand  Canyon.  It  is  essentially  a  rock 
dweller.  It  has  been  taken  from  the  bottom  of  the  canyon  up  to  an  elevation 
of  7,000  feet  on  the  Tanner  Trail,  and  at  Navajo  Point;  and  at  7,550  feet  at  But- 
ton Point. 

Coronado  Island  Rattlesnake  (C.  v.  caliginis). — This  stunted  rattler  occurs  only 
on  South  Coronado  Island,  a  rocky,  fog-shrouded  islet,  wiili  a  hiush  and  cactus 
rover,  that  lies  off  the  toast  of  Baja  California  just  south  of  the  international 
boundary, 

Arizona  Black  Rattlesnake  (C.  v.  ccrbcrus). — This  rattlcsTiakc  is  found  in  the  high 
plateau  area  of  cential  Arizona,  where  it  occurs  most  [rccjuenlly  either  in  sj)arse 
foiests  or  on  l)rush-tovcred  slojies,  leaving  the  grassy  plains  to  its  near  relative, 
the  Arizona  piairic  rattlesnake  (C.  v.  nunliiis).  In  the  southern  part  of  the  state, 
it  is  restricted  to  the  mountains;  there  are  isolated  colonies  in  the  Santa  Catalina, 
Rincon,  and  Pinaleno  mountains*  which  represent  the  southern  limit  of  its  ter- 
ritory. It  is  apparently  absent  £rom  the  thoroughly  collected  mountain  ranges 
farther  south — ^the  Santa  Ritas,  Huadiucas,  and  Chiricahuas. 

Black  rattlers  seem  to  prefer  the  wooded  areas  at  about  6,000  feet  and  above.  /.  T,  Wright, 
Tueum,  Arii. 

o 

In  collecting  Ariiona  Mack  vattlet*.  I  have  found  them  up  to  ifiOO  feet,  though  they  do  not 

appear  to  he  alitinclnnt.  mtu  h  nlK)vf  Gf>00  fcrt  nuriii<^  the  «lrv  fall  and  spi  iii'^  ucathor, 
ihcy  seem  lu  remain  in  close  proximity  to  running  streams  or  lakes;  but  (luring  the  months 
of  July  and  August  I  have  found  them  in  the  pine  timber  a  mile  or  so  from  the  nearest 
water.  During  this  period  tliey  move  about  oondderabty.  It  appears  that  they  are  active 
only  in  the  late  aftcrnnnti  and  cnilv  evening.  The  daytime  horns  are  nsuallv  spent  under 
the  roots  of  an  overturned  tree,  within  a  hollow  stump,  or  in  some  other  hiding  place. 
A.  W.  Motlison,  V,  S.  Indian  Service,  Meffery,  Arit. 

From  iny  own  experience,  I  know  cerherus  to  occiu  in  the  sparse  forest  coiniliy 
west  of  Ash  Fork,  and  faither  westward  in  the  juniper  areas  ^vhere  the  country 
is  partly  flat  and  partly  rolling,  with  some  rock  oiucrops,  aroinul  Glccd  and 
Grookton.  I  diould  call  this  essentially  a  forest  snake,  although  the  forest  need 
not  be  dense. 

Midget  Faded  Rattlesnake  (C  v.  decolor).  This  little  lattlesnakc  seems  to  prefer 
rocky  and  arid  areas,  judged  by  its  habitats  in  the  upper  Colorado  River  basin 
and  the  basin  of  the  Green  River,  in  Utah  and  Wyoming. 

Rattlers  are  found  most  frequently  in  rocl^y  ledges,  wlicrc  they  enjoy  the  warmth  al>sorbed 
by  the  rodu  and  the  protection  aiforded  tnaa  weather  and  enemies.  £ffrf  C.  Sanford,  U,  S. 
Forest  Service,  Vernal,  Utah. 

o 

It  has  always  seemed  rather  peculiar  to  me  that  more  rattlesnakes  are  not  found  in  the  vast 

area  of  rimrock,  and  juniper  and  pinon  rough  lands  surrounding  this  forest,  since  lands 
of  the  same  character  in  Routt  County,  situated  100  miles  to  the  north,  arc  the  natural 
home  of  the  rattlesnake.  According  to  old-timers,  however,  rattlesnakes  were  never  numer- 
ous in  any  portion  of  Mesa  County.  Jtoy  Peek,  V.  5.  Forest  Service,  Grand  Mesa,  Colo. 

o 

I  have  seen  these  little  rattlers  up  to  8.000  feet  in  Escalante,  Roubideau,  and  Tabeguache 
canyons.  H.  F.  Harlow,  U.  S.  Forest  Service,  Delta,  Colo, 
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Other  liigh  points,  all  in  I'tah,  -^vIkic  this  subspecies  is  kn(i\vn  to  ocdii,  arc: 
Blue  Mountain,  25  miles  cast  of  \'crnal,  I'inlah  Ciounty,  at  8,000  feet;  Pay  Gulth, 
6  miles  northeast  of  Altonah,  Duchesne  County,  at  7,300  feet;  and  near  Kcnil- 
worth,  Carbon  County,  at  7,000  feet. 

Southern  Pacific  Rattlesnake  (C.  v.  helleri). — This  is  the  common  mountain  and 
coastal  rattlesnake  fiom  Santa  Baibara  County,  California,  south  to  the  San  Pedro 
Martir  Mountains  of  Baja  California,  with  scattered  occurrences  still  faither 
south.  It  rant^es  from  the  sea  coast  to  the  nioimtain  peaks,  but  becomes  increas- 
ingly scarce  as  one  descends  the  c  astern  or  desert  slope. 

In  San  Diego  County,  where  the  terrain  is  quite  variable,  there  is  an  oppor- 
tunity to  observe  how  catholic  the  southern  Pacific  rattlers  are  in  their  choice 
of  habitats.  They  are  likely  to  be  found  everywhere  from  the  ocean  shore,  just 
beyond  the  wash  of  the  waves,  through  valleys  and  foothills,  and  from  the  peaks 
of  the  highest  mountains  down  to  the  desert  slope.  The  only  ar<  i  untenanted  is 
the  desert  itself.  I  have  found  them  in  open  fields,  in  orchards  and  vineyards, 
alon'^  streams,  in  cactus  clumps  and  heavy  chaparral,  in  granite  crevices  or  under 
boukh-rs,  in  grass-co\ ercd  mountain  meadows  or  the  ferns  of  the  hillsides,  ;iud 
wliere  the  timber  was  densest.  On  the  eastern  slopes  they  have  been  collected  in 
the  rock-strewn  foothills,  or  in  mesquite  patches  in  such  places  as  Borrego  Palm 
Canyon,  Tubbs  Spring,  San  Felipe  Valley,  La  Puerta,  and  Mountain  Spring. 
But  mudi  collecting  has  failed  to  disclose  any  in  truly  desert  areas,  although 
three  other  species  of  rattlesnakes — the  red  diamond,  speckled,  and  sidewinder — 
are  not  uncommon  there. 

In  tt.ixcliivT  ril)out.  I  have  kept  notes  of  the  roadside  smroundings  where  snakes 

lime  l)Ci  II  Iriimd.  citht  r  .-dive,  or  dcid  on  the  rond  (^OOR  is  the  notation  gen- 
erally used  in  statistical  reports).  The  record  for  il)e  soutiicrn  Pacific  rattier  is  as 


The  kinds  of  refuges  that  southern  Pacific  rattlers  seek  in  the  daytime  when 
they  are  not  foraging,  are  indicated  by  the  following  list,  showing  where  speci- 
mens have  been  found  in  San  Diego  County: 

A  juvenile  under  a  desKl  log 

Three  medium-sized  specimens  under  a  single  flat  rodc  only  about  15  inches  in  diameter 

Three  in  crevices  in  a  pile  of  pianitc  ir>cks 

One  slrclcheii  out  under  a  nian/anita  i>uhh 

One  stretched  out  among  oak  leaves 

One  coiled  in  i  diprcssion  in  a  path  l>ordeTed  by  ferns 

Two  in  a  crack  in  a  large  granite  lx>ulder  in  an  oat  field 


follows: 


Orch.Trd  or  vineyard 
Cultivated  iield     .    .  . 

Grass  (uncultivated  field) 

I  isht  brush  .... 
Heavy  brush,  chaparral 
Trees,  forest  .... 
Rockf,  boulders    .   .  . 


4 
12 
S3 

7 
19 

9 

7 
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On  several  occasions  I  have  found  rattlers  of  this  and  oihcr  subsjx'cics  lying  in 
front  of  rork  c  revices,  or  before  rocks  with  a  hollow  sjjacc  below,  as  if  consciously 
ready  lor  escape,  should  danger  tlucalen.  The  following  are  reports  from  my  cor- 
respondents iei2,aiding  rattlesnakes  of  this  subspecies: 

This  is  a  brush-covered  area  and  raulesnakes  have  been  found  along  the  trails  near  water 
and  away  from  water.  The  territory  I  travel  in  is  the  mountains  of  the  Coast  Range  be- 
tween Piru  Creek,  ilie  upper  Sespc,  and  Ihc  Matilija  drainages,  Ventura  County.  Rattlers 
arc  found  in  aimo&t  all  of  the  brush-covered  area.  E.  M.  Lyda,  U.  S.  Forest  Service,  Ojai, 

Calif. 

o 

On  our  hot  summer  (hiys  I  have  found  rattlers  undi  !  In  iish  nm\  liushes.  lying  in  the  shade 
of  a  fallen  log,  or  under  a  rock.  K.  R.  Halstead,  Suu  Bernardino,  Calif. 

o 

In  the  mountain  ai«M  during  the  months  from  May  to  OctoIxT,  I  saw  more  rattlers  along 
the  stream  beds  and  washes,  and  adjacent  to  lake  shores  at  elevations  of  2X)00  to  6,000 

feel,  than  at  anv  other  locations.  They  seem  also  to  like  the  medium  (0\er  of  slnutis  and 
rocks  more  than  the  heavier  wooded  locations.  It  is  niy  belief  that  they  stay  uiuund  the 
water  at  times  because  of  a  better  chance  of  getting  food,  such  as  small  rodents  like  the 
chipmunks  that  come  for  water.  Walter  F.  Emerick,  Division  of  Fish  and  Game,  Palm- 
dale,  Catif. 

Great  Basin  Rattlesnake  (C.  v.  lutosus). — ^The  Great  Basin  rattlesnake  is  a  dweller 
in  the  arid  plains  and  desert  areas  between  the  Rockies  and  the  Sierra  Nevada, 
and  o£  the  scattered  mountain  ranges  that  rise  above  the  plains.  \\'hile  found  in 
irrigated  areas,  it  is  less  prevalent  there  than  in  the  wikls.  although  Linsdale 
(1910,  p.  L'.51)  icported  it  to  be  especially  numerous  around  alfalfa  fields. 

.\iound  Zion  I'aik.  thc*!c  rattksnakcs  seem  to  Im;  especially  partial  to  scriil) oak  sections 
where  the  brush  is  thin  and  the  terrain  rather  rocky.  This  may  possibly  be  due  to  the  fact 
that  such  areas  are  the  hiding  places  of  many  small  rodents.  Russell  K,  Grater,  Rocky 
Mountain  National  Park,  Estes  Park,  Colo. 

I  have  seen  rattlesnakes  on  the  foothills  and  in  the  higher  mountains  thiougliuui  the  belt 
occupied  by  big  sagebrush  (Artemesia  tridentata)  and  Gambel  oak  (Quercus  gambeli)  from 
southern  Idaho  to  central  Utah.  In  the  Idaho  country,  along  the  Snake  River  Valley  from 

Burli-y,  I<lah<),  west  and  nonli.  T  lia\e  see»i  raiilcsiiakis  in  llie  Imx  tanyotis  of  the  Snake 
River  and  its  tribuiaiies.  1  hey  are  common  to  abundant  in  the  l>o\  canyons  in  the  vicinity 
of  Hagerman,  Idaho.  I  have  sddom  seen  them  until  the  month  of  May  in  the  Utah  foot- 
hills along  the  Wasatch  front,  near  Salt  Lake  City  and  Ogden,  Utah.  During  August  I 
have  frequently  seen  them  near  the  Streams.  They  arc  annoying  to  iishemien  at  this  sea- 
son. O.  E.  Winkler,  Salitia,  L  lah. 

o 

Rattlers  are  fairly  aluitulant  in  the  Smith's  Prairie  country,  (•sp<  <  wliere  the  south 
fork  of  Boise  River  Canyon  borders  the  prairie.  Ihis  is  about  65  miles  cast  of  Uoise,  Idaho. 
This  particular  stretch  of  canyon  is  characterized  by  lava-rock  cliffs  or  rimrock.  It  is  in  these 
rimrcKk  areas  that  rattlers  are  found  and  it  has  seemed  to  me  they  prefer  lava-flow  areas 
in  thai  section.  /■'.  LeRay  Sprague,  II.  S.  forest  Service,  Atlanta,  Idaho. 

•o 

As  far  as  the  summer  range  is  concerned,  rattlesnakes  summer  almost  any  place.  I  have 
killed  them  on  the  desert  10  miles  from  water  many  times,  and  in  the  mountains  in  shale 
rock  and  along  creeks,  too.  Albert  Madariela,  Oakley,  Idaho. 

An  arid  to  semiarid  habitat  in  pveieried  by  the  local  rattlesnakes.  In  mountainous  sections, 

ihev  arc  iisiiallv  associated  with  outcrops  of  rocks,  such  as  talus  slopes.  Ernest  H.  Taylor, 

U.  S.  l  orest  Service,  Victor,  Idaho. 
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Most  of  the  rattlesnakes  are  found  in  localities  having  a  south,  souiluvcbi,  ui  west  exposure, 
with  a  lava-rode  diff  or  slide  formation.  However,  many  of  the  snakes  actually  discovered 
are  found  in  irrigated  gardens  or  along  the  banks  Of  irrigation  ditches  of  the  randies  within 
the  ahove  general  localities.  N.  D.  Millard,  U.  S.  Forest  Service,  Boise,  Idaho. 

o 

Occasionally  rattlesnakes  arc  found  near  the  irrigation  canals  and  laterals,  but  mostly  they 
are  in  the  northeasterly  part  of  the  county,  whidi  is  arid.  Ceorgfi  B.  Haddock,  Shoshone, 
Idaho. 

In  north-central  Nevada  at  altitudes  of  6.000  feet,  rattlesnakes  do  not  travdi  fur  enough 
from  their  dens  during  the  short  summer  to  cover  all  the  country,  as  they  do  in  warmer 

climates,  with  long  frost-free  periods.  They  are  abundant  in  some  localities  but  there  are 
none  in  others.  Phil  Kennedy,  V,  S.  Forest  Service,  Douglas,  Ariz, 

■o- 

Rattlesnakes  are  especially  frequent  in  the  vidnity  of  the  rimrodcs  bordering  the  Pit  River 
Valley  and  its  tributaries,  from  Goose  Lake  to  Big  Valley.  There  are  places  where  they  are 

fairlv  numrrniis  in  rlic  more  recent  lava  flows  near  the  western  border  of  MtuJoc  County. 
They  arc  seldom  found  in  the  flat  pine-woods  areas  away  from  the  rocky  sections.  In  fact, 
they  do  not  seem  to  frequent  the  heavily  timbered  areas,  /van  A.  Cuff,  U.  S.  Forest  Service, 
Canhy,  Calif. 

One  significant  thing  I  have  noticed  about  the  rattlesnakes  hereabouts  is  that  their  occur- 
rence is  spotty.  For  instance,  at  my  south  ranger  station,  they  are  very  plentiful.  There  is 

a  rocky  slope  with  a  south  exposure  across  the  crock  from  the  house.  W'c  find  many  snakes 
around  the  house,  even  though  they  musi  cross  ditches  and  streams  to  reach  the  area. 
Glen  R.  Jones,  V.  S.  Forest  Service,  Bridgeport,  Calif. 

Arizona  Prairie  Kattlrsuahe  (C.  v.  nuntiiis). — TJiis  little  snake  iiilial)iis  a  moie 
arid  territory  than  its  larger  relative  (C.  v,  viridis)  of  the  eastern  slope  of  the 
Rockies.  In  its  most  typical  form  it  Is  found  in  the  basin  of  the  Little  Colorado 
River,  including  the  Painted  Desert,  especiBlly  between  Holbrook  and  Canyon 
Diablo.  This  is  a  high  mesa  (4.800  feet  and  up),  tisually  with  red  or  red-brown 
soil,  thin  grass,  and  small  bushes.  Rork  oniriops  arc  fretjucnt,  and  the  water- 
courses are  ttsnally  (leej)ly  cut,  with  clifTlikc  hanks.  .Although  the  Arii-ona  prairie 
rattler  dens  in  rock  caves,  in  summer  it  ranges  widely  over  the  plains  amid  the 
sparse  grass  and  low  bushes.  Here  th''  sncckled  earless  li/ard  (l lolhrookia  macu- 
lata  approximaus)  abounds;  it  comprises  a  part  of  the  food  of  the  Utile  rattler. 

East  of  Navajo  and  west  of  Canyon  Diablo  the  country  is  stonier,  rougher,  and 
more  rolling.  The  v^tation  is  increasingly  dense,  and  junipers  abound.  Here 
the  snakes  are  larger  and  darker  in  color.  This  larger  form  also  is  found  on  the 
high  plain  between  Williams  and  the  Grand  Canyon.  This  subspecies  reaches 
considerable  altitudes— G,900  feet  at  Flagstaff,  7,080  feet  at  Wildcat  Hills,  and 
about  7,000  feet  in  Medicine  Valley,  ail  in  Coconino  County,  Arizona. 

Northern  Pacific  Rattlesnake  (C.  v.  or^nus). — ^The  northern  Pacific  rattl^nake 
is  one  of  the  most  broadly  tolerant  of  all  rattlcis  in  its  clioicc  of  habitats.  It  is 
found  from  the  seashore  to  an  elevation  of  at  least  11,000  feet  in  the  mountains, 
and  alike  in  aiid  and  humid  territories,  l.atitudinally  it  is  widelv  dispersed, 
ranging  from  I.at.  N.  in  California  to  51''  N.  in  British  Coluinhia.  It  occurs 
in  arid  plains  and  fertile  \ alleys,  rolling  grasslands,  chapairal  covered  foothills, 
on  rocky  ridges,  and  in  mountain  meadows  and  forests.  It  inhabits  areas  where 
the  annual  rainfall  barely  attains  five  inches  and  the  Sierra  Nevada,  where  the 
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snowfall  is  as  great  as  in  any  part  of  the  United  States.  Yet  even  wUh  this  catholic 
taste,  one  notes  a  selective  trend  toward  an  ecolorrical  mode.  1  his  is  well  illiis- 
tratcfl  by  comparing  ihc  ranges  of  this  snake  in  British  (lolumbia  and  in  soulh- 
ccniral  California.  In  the  former  it  is  restricted  to  the  dritst  areas,  for  much  of 
the  province,  especially  the  coastal  region,  is  too  moist.  But  in  soutli-ccntral 
California,  a  much  more  arid  area,  this  rattler  inhabits  the  most  humid  sections 
available,  the  coastal  belt  and  the  Sierra  Nevada,  rapidly  declining  in  numbers 
in  the  desert  foothills,  and  it  is  absent  from  the  desert  itself.  Its  absence  in  the 
desert  is  not  owing  to  a  lack  of  food,  for  other  species  of  rattlers  flourish  there. 

The  following  extracts  from  the  letters  I  ha\e  received  regarding  the  habitats 
of  the  northern  Pacific  rattlesnake  will  illustrate  the  nuiny  types  of  terrain  in 
which  it  lives: 

In  British  Columbia  rattlesnakes  are  found  only  in  ttie  dry  belL  D,  Cameron,  Salmon 
Arm,  B.  C. 

o 

Rattlesnakes  arc  well  distributed  along  thr  Salinoii  River  and  its  side  streams.  The  sinall 
ones  mostly  stay  along  the  creek  bottoms,  ranging  up  the  open,  rocky  sidehills  for  short 
distances.  They  are  often  found  coiled  near  the  edge  of  a  stream  during  the  middle  of 
the  day.  H.  W,  Hig^im,  U.  S.  Forest  Service,  Avery,  friaho. 

In  the  Bitterroot  National  Forest,  at  the  head  of  Sclway  River  and  a  portion  of  Salmon 
River,  rattlesnakes  were  abundant,  generallv  spcakinp;,  on  the  south  and  westerly  exposures 
along  the  main  rivers.  On  the  Selway  they  did  not  occur  more  than  4  or  5  miles  up  any  side 
stream  and  then  only  on  the  favorable  exposures.  On  the  Salmon  River  they  range  as  high 
as  7  or  8  miles  up  the  side  streams  from  the  main  ri\rr,  unlen  the  elevation  Is  too  great. 
George  W.  Case,  U.  S.  Forest  Service,  Saint  Maries,  Idaho, 

<- 

Rattlesnakes  are  found  to  the  west  and  north  side  of  the  Salmon  River,  'ihis  area  is  open, 
yellow-pine  timber  on  steep  slopes,  blulfs.  and  rockslides.  Pou/  H.  Strand,  U.  S.  Forest 
Service,  Dixie,  idaho. 

o 

Rattlers  prefer  rocky,  steep  country  with  some  vegetative  cover  for  shade;  and  in  the  heat 
of  summer  prefer  to  be  not  too  far  from  water.  F.  £.  Williams,  U.  S.  Forest  Service,  Rig-  • 
fiiu,  Idaho, 

■o 

Pacific  rattlesnakes  are  very  abundant  along  the  northeast  side  of  Lake  Chelan  on  rocky, 
south  exposures.  They  are  faiily  abundant  on  steep,  rocky,  southern  exposures  in  the 
Methow,  Okanogan,  and  CoUimhia  \allcys  up  to  an  allitiidc  of  about  4,000  fc-rl.  On  the 
Methow  River  there  are  many  rattlers  on  the  northwest  side,  while  on  the  southeast  side 
there  are  almost  none.  They  are  not  great  travelers.  George  R,  Wright,  U.  5.  Forest  Service, 
Mazatna,  Wtuh. 

•o 

I  have  found  many  raiders  and  90  per  cent  were  in  bush  grass  or  succulent  brush  where 
one  would  expect  to  find  mtoe  and  other  small  creaturei.  They  aeem  most  numerous  along 
streams.  l'\c  seldom  seen  any  out  among  the  rocks  or  on  dry  soil  of  semiarid  country. 

C.  K.  Lyman,  Newport,  Wash. 

Rattlesnakes  in  this  county  are  found  In  the  lowlands  as  well  as  in  timber.  Norman  Min- 
nick,  Ontario,  Oreg. 

■o 

Ratdcsnakes  go  long  distances  from  their  winter  dens  and  are  often  found  in  grain  shodcs 
and  hay  bunches,  as  they  can  hide  there,  and  also  mice  are  to  be  found  for  food.  Lawrence 
Kelly,  Harper,  Oreg. 
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The  kind  of  sjirroundings  and  country  rattlers  pitfci  dcpciuis  on  llit  limc  nf  voai.  Mostly 
ihcy  have  their  dens  in  rock  crevices,  where  it  warni!>  up  the  quickest  in  springtime.  I'hese 
are  genendly  on  south  exposura  and  difla.  In  the  heat  of  summer  they  will  be  found  near 
the  coolest  places  that  afford  protection  from  the  heat,  and  also  where  there  ts  more  food. 
Close  to  streams  is  a  t^ood  place  to  look  for  them  during  the  hot  season.  They  arc  found 
at  diflcrcnt  altitudes,  but  it  depends  on  the  climate  as  to  the  elevations  they  reach.  In 
timbered  country  they  don't  generally  get  above  S.600  ftet.  W.  D.  Royster,  U,  S.  Forest 
Sendee,  Piaulhut,  Oreg. 

Though  we  find  raUleHiakes  at  a  rather  high  elevation,  for  a  country  which  is  not  far 
removed  from  the  coast,  they  are  generally  in  open  pine  timber  and  areas  of  rock  out- 

cn^pinps  TJu'v  arc  not  found  in  areas  of  dense  tim1)er,  such  as  the  fir  forests  on  north 
hillsides.  Ordinarily  there  are  more  snakes  found  in  the  lower  elevations  than  higher  up. 
L.  J.  Cooper,  U.  S.  Foreet  Service,  Merlin,  Oreg. 

-o- 

The  rai^  of  the  rattlesnakes  in  the  Rogue  and  Illinois  watersheds  does  not.  except  in  rare 
cases,  extend  more  than  a  mile  bade  from  the  rivers.  F.  K.  lAgfUfoot,  V.  S.  Forest  Service, 

Agness,  Oreg. 

I  have  fountl  rattlers  in  heaw  shaded  timber  areas  as  well  as  in  dense  brush.  Rut  they 
are  definitely  more  numerous  in  rocky  exposed  places  with  lighter  cover.  Harvey  £.  Zink, 
V.  S.  Forest  Service,  Sawyers  Bar,  Calif. 

o 

In  this  part  of  the  sttte.  rattlesnakes  are  most  numerous  in  the  foothill  areas.  They  preCer 

a  brush-  or  timber  (o\cicil.  or  rockv  terr.Tin.  Loose  shale  or  lava  diffi  seem  mOSt  likdy 
to  be  selected  as  dens.  I'ictor  R.  Hake,  L'.  S.  Forest  Service,  Berry  Creek,  Calif, 

Rattlesnakes  favor  regions  which  are  fairly  hot,  brushy,  and  rocky.  I  have  found  them  in 
the  pine  forests,  but  have  seen  more  in  rocky  canyon  slopes  along  small  water  courses. 
/.  7.  Kenney,  U.  5.  Forest  Service,  Dardanelte,  Calif. 

That  northern  Pacific  rattlesnakes  are  often  found  along  water  courses  in  sum- 
mer has  been  mentioned  in  several  of  the  comments  already  given.  Others  to  the 
same  effect  follow: 

Most  of  the  rattlesnakes  I  have  gotten  (a\ciaging  20  per  year)  have  been  those  crossing 
the  roads  or  in  the  vicinity  of  streams.  D.  D.  McLean,  Division  of  Fisli  and  Game,  San 

Francisco,  Calif. 

o 

Rattlesnakes  are  distrilxiied  fairh  wtll  over  this  area,  but  are  found  mostly  along  the 
water  courses.  John  L.  Monday,  U.  S.  Forest  Service,  Covelo,  Calif, 

Rattlesnakes  are  often  killed  along  the  county  road  in  the  evening,  apparently  going  lo 
the  river  for  water.  Eart  Leitritx,  Copco,  Calif. 

Jolm  P.  Deru  made  the  lollowiiig  habitat  and  otliei  notes  on  northern  Pacific 
rattlers  met  on  a  pack  trip  into  the  Kings  River  section  of  the  southern  Sierra 
Nevada  of  California  in  1939: 

June  21:  Between  North  Fork.  Kings  River,  and  Rancheria  Creek:  Killed  a  large  rattle* 
n^ke  which  gave  us  ample  warning  as  we  approached.  AVc  found  him  in  the  shade  of  a 

ydlow  pine,  entwined  in  i^reen  moss  on  a  granite  rock.  10  .\.m.,  80°  I-.,  6,100  feet. 

June  24:  On  Middle  l  urk,  Kuigs  River,  between  lehipiie  Dome  and  Simpson  Meadow, 
north  bank:  Killed  one  rattlesnake  this  morning.  He  gave  us  good  warning.  He  was  located 

bv  [!i(  si(!(  (if  a  granite  rock  under  a  fern  in  scmidry  habitat.  11:20  .\.m.,  75°  F.,  6,100  feet. 
June  25:  On  Middle  Fork,  north  of  its  junction  with  Cartridge  Creek:  Killed  our  third 
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rattlcMiakc  at  11:1')  a.m.,  SO'  I'.,  (ijiin  fret.  Both  mv  companion.s  had  passed  him  licfore  he 
.souiuicil  uU  Willi  liis  racilcs.  He  was  uijoul  live  tccl  off  ihc  Hail  on  a  graniic  rotk. 

June  SO:  Returning,  on  the  north  bank  of  Middle  Pork,  going  down  stream  from  a  point 
two  miles  below  Goddard  Cict  k:  During  the  morning  we  encountered  rattlesnakes  at  fre- 
quent intervals,  six  in  fad.  I'rariif .ilK  all  were  encountered  in  short  grassland — with  grass 
four  inLhc:s  high  at  the  most.  This  grassland  was  level  to  gently  sloping.  All  six  snakes 
appeared  to  be  headed  from  granite  stones  alxive,  toward  the  river  below,  a  distance  of 
from  10  to  150  feet.  Few  of  them  gave  us  any  warning,  and  none  emitted  a  sound  until 
one  of  us  had  spotted  it  first.  The  altitudes  ranged  from  5,000  to  6,700  feet;  air  tempera- 
ture about  80°  F. 

Besides  the  desert,  and  the  highest  mountains  above  11,000  feet,  which  I  have 
discussed  sepaiately  under  altitudes,  there  is  one  other  area  in  which  the  north- 
ern Pacific  rattlesnake — or  any  other  rattler,  for  that  niattei — has  been  tmable 
to  maintain  itself.  This  is  the  coastal  redwood  belt  of  the  northwestern  Cali- 
fornia coast,  and  similar  coastal  areas  in  Oregon  and  Washington.  Not  only 
are  rattlers  found  dose  to  these  areas,  but  they  are  occasionally  carried  in  by 
floods,  yet  they  seem  never  to  secure  a  permanent  foothold.  It  is  doubtful  that  a 
lack  of  food  can  be  controlling,  since  various  sniall  mammals  of  a  si/e  suitable 
to  rattlers  are  plentiful  in  these  sections.  Probably  the  excessive  and  almost  con- 
tinuous wetting  in  the  form  of  fog  or  rain  is  the  controlling  factor;  although  the 
lenipcialure  is  notablv  low  in  summer,  other  snakes,  including  the  ovoviviparous 
garter  snakes,  have  no  diiluulty  in  bringing  their  young  to  term. 

The  iV)lIowing  are  remarks  from  my  (on esjjondents  on  this  situation: 

The  nearest  to  the  coast  I  have  ever  killed  a  rattler  was  about  live  miles  in  a  straight  line. 
Leo  A,  Mitchellf  Point  Anna,  Ctdif. 

-o 

Rattlesnakes  infest  this  district  to  some  extent,  hut  are  very  seldom  found  in  the  redwood 
belt.  Earl  Macklin,  Game  IVarden,  Ukiah,  Calif. 

o 

Rattlers  are  fairly  common  in  the  hill  country  here,  especially  where  there  are  rocky  sec- 
lions,  with  more  or  less  open  land  roundabout.  But  they  are  almost  unheard  of  in  the 

redwi  nds.  where  \vc  live.  One  was  reported  killed  on  an  old  road  in  the  hills  just  on  the 
edge  of  the  redwoods,  between  here  and  Bridgeville,  many  years  ago,  and  another  on  the 
school  grounds  of  Bridgeville. 
It  has  been  reported  that  a  rattlesnake  has  occasionally  been  found  in  the  Eel  River 

Flats,  hilt  never  living  there,  jnst  washed  down  from  the  interior  regions  during  winter 
floods,  when  trees  and  other  wreckage  have  come  down.  Charlotte  M.  Wilder,  Carlotta, 
Calif. 

Generally,  it  is  our  observation  that  rattlesnakes  are  not  found  in  the  heavy  limber  (\pes 
adjacent  to  the  coast,  or  in  the  larger,  northerly  river  bottoms  where  there  ate  stands  of 
Douglas  fir;  however,  as  one  goes  inland  in  the  Umpqua,  Rogue,  and  Willamette  river 
drainages  they  are  found  in  increasing  numbers.  G.  E.  Mitchell,  U.  S.  Forest  Service,  Grants 
Pass,  Greg. 

■o 

Thcrc  are  no  rattlesnakes  in  the  heavy  iini!)er  and  none  on  the  west  coast.  But  there  is  an 
exception  to  every  rule,  and  a  very  interesting  case  occurs  in  Clowlitz  Cx)uniy  on  the  north 
bank  of  the  Columbia  in  Washington,  liardly  40  miles  from  the  Pacific  Ocean.  This  is  a 
monadnodc  peninsula  of  columnar  basalt  projecting  into  the  river.  The  upstream  side  is 
a  driftwood  trap,  and  from  lliis  drift,  whidi  has  rtni  the  Cascade  Rapids,  there  has  liccn 
released  a  lively  colony  of  rattlesnakes  that  have  found  the  warm  creviced  rock  very  nmch 
to  their  liking,  and  there  they  are  a  menace  to  the  quarrymen.  Richard  J.  Grace,  Port- 
land, Greg. 
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The  Lake  1  alloc  area  is  another  that,  ahhough  coni|)letely  surrounded  by 
sections  in  which  rattlers  are  coninion,  has  few  if  any  itself. 

Alihnn^h  lattlisnnkts  al)oiiii(l  ii\  tin-  ti  ttiiDiA  surrounding  the  Lake  1  ahnt-  Uasin.  ihcv 
arc  rare  or  absent  within,  for  they  do  not  come  over  the  mountain  rim.  Po$$il>ly  our  period 
of  low  temperatures  is  too  long  (September  to  June).  The  only  instance  of  which  I  have 
heard  of  rattlesnakes  killed  within  the  basin,  was  of  two  about  two  miles  west  of  Lake 
Tahoe,  elevation  6.700  feet,  in  I9S5.  /.  C.  Lewis,  Tahoe  Fith  Hatchery,  Tahoe^  Calif. 

Fitch  (1949a.  p.  514).  who  made  a  most  complete  study  of  the  natural  history 
of  the  northern  Pacific  rattlesnake,  as  found  on  the  San  Joaquin  Experimental 
Range,  in  Madera  County,  Califcnmia,  says  they  occupy  a  woodland  belt  in  a 
rolling  terrain,  with  some  open  grassland,  with  frequent  granite  outcrops,  often 
in  extensive  piles.  The  flora  predominantly  comprises  annual  forbs  and  grasses. 

Hawken  (1951.  p.  81)  has  pointed  out  how  sharply  the  range  line  of  oreganus 
may  be  drawn  in  a  territory  showing  no  conspicuous  ecological  variations.  In  one 
place,  a  namial  trap  yielded  192  snakes  in  a  single  year,  without  a  lattler  among 
them.  A  slioit  distant c  to  (he  south  rattlers  were  (juite  connnon.  This  was  in  the 
coastal  mountains  of  San  Mateo  County,  California. 

1  he  most  arid  area  occupied  by  oreganus  is  the  west  side  of  the  San  Joaquin 
Valley,  an  area  of  rolling,  almost  barren  hills.  Here  it  is  not  merely  an  edge  in- 
vader, as  it  is  on  the  southeastern  slope  of  the  Tehachapis  where  these  mounuins 
descend  into  the  Mojave  Desert,  for  the  western  San  Joaquin  is  in  the  center 
of  a  large  area  occupied  by  oreganus.  These  west-side  snakes  are  lighter  in  color 
than  the  sid)spedes  is  elsewhere;  superficially  they  resemble  the  Great  Basin  rattler 
(C.  V.  lutosus). 

Ridge-Nosed  Rattlesnake  (C.  willavdi). — Thu  is  another  mountain  rattlesnake 
like  pricei  and  klauberi.  The  northern  subspecies  (C.  w.  willardi)  is  found,  but 
is  not  common,  in  the  rocky  canyons  of  the  Huachuca  Mountains  of  southern 

.Arizona,  up  to  8,000  feet.  In  northern  Sonora,  Mexico,  it  has  been  collected  in 
the  Sierra  de  A]o,  on  Cerro  Azul,  and  in  the  Sierra  Aconchi,  in  what  Lowe  and 
Marshall  describe  as  a  pine-oak  association.  \\'oodin  (195!^,  p.  29r»)  found  one 
imdcr  a  log  in  the  Hiiachucas  at  7,500  ftel,  and  another  under  a  board  at  u.'HH) 
feet.  A.  E.  Ball  informed  me  that  he  lound  specimens  among  gray  rocks  m  an 
open  forest.  These  rocks  were  not  part  of  a  rockslide,  but  were  imbedded  in  the 
soil  and  some  were  moss-covered.  In  the  Santa  Rita  Mountains,  the  only  other 
range  besides  the  Huachucas  wherein  willardi  occurs  in  the  United  States,  it 
has  been  found  up  to  9,000  feet.  It  is  doubted  that  willardi  occurs  below  the 
wooded  sections  of  these  moimtains,  that  is,  below  5,000  feet. 

The  Chihuahuan  subspecies  of  the  ridge-nosed  rattler  (C.  u\  sibis)  is  found 
in  the  moimtainous  area  of  western  Chihuahua  and  northeastern  Sonota.  It 
occurs  at  altitudes  of  5,500  to  8,000  feet,  in  places  (haraclci  i/c  tl  In  rockv  t  aiixons 
with  dense  underbrush,  as  well  as  nioiuUain  slopes  wilfi  jjines  and  oaks,  and 
some  open  paiks  and  grasslands.  I,owc  and  Marshall  {in  lilt.)  consider  it  pri- 
marily a  resident  of  the  pine-oak  forest.  The  southerly  subspecies  (C.  u».  merid- 
ionalis),  like  the  other  ridge-nosed  rattlers,  is  a  mountain  form  living  at  alti- 
tudes up  to  8,000  feet  in  southwestern  Durango  and  western  Zacatecas. 
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Massasauga  (Sistrurus  catcnatus). — Tlic  eastern  niassasauga  (5.  c.  catenatus)  lives 
largely  in  swamps,  into  wliicli  it  may  have  been  driven  by  the  cultivation  of  the 
prairies  where  once  it  made  its  home.  But  as  early  as  1819,  W'arbuiton  (\ol.  1, 
p.  17r))  had  already  remarked  on  the  adilidion  of  massasaugas  to  swamps,  so  it 
may  be  that  damp  areas  have  alv\a)s  been  their  preferred  habitation,  altliough 
Hay  (1892,  p.  535)  thought  that  cultivation  of  the  prairies  (rather  than  destruc- 
tion by  hogs,  as  some  supposed)  had  diminished  the  numbers  of  massasaugas, 
and  driven  the  remnants  into  the  swamps. 

Whatever  the  cause,  there  is  now  little  doubt  that  the  massasauga  is  largely 
restricted  to  swampy  and  primitive  areas,  as  the  following  territorial  reports 
will  indicate:  New  York — neighborhood  of  swamps  although  shunning  actually 
wet  places,  in  moss,  amoni,'^  hushes,  or  under  evergreen  trees,  in  hay  He  Ids  at 
harvest  season  (VViflen,  1913,  p.  919);  Petmsylvania-  in  the  swamps  ui  the  west- 
ern part  of  the  state,  where  they  take  refuge  in  luuiunoeks,  in  sunnner  moving 
out  to  fence  rows,  under  debris,  or  in  haylields  bordering  the  swamps,  but  avoid- 
ing forests  (Atkinson  and  Netting,  1927,  p.  40;  Netting,  1932,  p.  10;  Swanson, 
1952,  p.  179);  Ontario — swamps,  but  also  some  in  dry,  rocky  situations  (LeRay, 
1930,  p.  201);  Ohio — ^swamps  and  grassy  meadows,  grain  shocks  in  summer,  in- 
creasingly scarce  because  of  swamp  drainage  (Morse,  1904,  p.  137;  Conant,  1938, 
p.  115;  1951,  p.  255);  Michigan — swamps,  several  bring  found  in  high  dry  clumps 
of  grass  within  the  swamps  (Notestein,  1905,  p.  121;  Roberts  and  Quarters,  1947, 
p.  6);  Indiana — prefer  low  wet  ground,  but  are  not  aquatic  (Hay,  1892,  p.  535; 
Allyn,  1918,  p.  K^;  Minton,  1950,  p.  318);  Illinois — bogs,  swamps,  and  moist 
prairie,  but  avoid  standing  water  (VV'right,  1911,  p.  G59;  Lueth,  1911b,  p.  20); 
]]  isconsin — s\\am]js  (l*opc,  1925a,  p.  1^);  Minnesota — swampy  bottomlands 
(Breckenridgc,  1944,  p.  152);  Iowa — shaving  been  driven  out  of  fields  by  cultiva- 
tion, they  now  remain  only  in  the  swamps  (Guthrie,  1926,  p.  187),  although 
Loomis  (1948,  p.  122)  found  two  in  a  semicultivated  valley;  Missouri — ^a  low- 
land form,  typical  of  the  prairie  and  the  plains  in  the  west  and  swampy  wood- 
lands in  the  east  (Evans  and  Gloyd,  1948,  p.  230);  Kansas — ^low  sandy  places  near 
rivers  and  small  streams  (Branson,  1904,  p.  423);  or,  swampy  places,  except  in 
sunnner  when  they  move  into  drier  situations  (If.  M.  Smith,  195U,  j).  298). 

Cxi  tainly  these  (  omments  are  almost  in  complete  agi  eement  that  the  easK  i  n 
massasauga  is  essentially  an  inhabitant  ol  swamps  and  bogs,  but  there  is  evidence, 
as  stated  by  Wright  (1911,  p.  659),  that  they  were  once  abundant  in  the  prairies. 
K.  P.  Schmidt  has  advised  me  that  they  are  still  to  be  found  in  dry  woods  and 
rolling  country  in  the  Cook  County  (Illinois)  Forest  Reserve,  where  primitive 
conditions  have  been  maintained. 

The  western  massasauga  (5.  r.  tergeminus),  living  in  less  intensively  cultivated 
areas,  seems  siill  lo  be  a  dweller  in  open  fields  and  grasslands.  .Sirecker  (1910, 
p.  16)  rejKjrled  the  killing  of  some  23  to  30  in  one  wheat  field  in  Texas,  when  the 
shocks  wcie  being  moved.  In  Missoiui,  it  is  found  in  the  piairie  and  plains  of 
the  northwestern  corner  of  the  state  (Evans  and  Gloyd,  1948,  p.  230).  It  has  been 
observed  as  high  as  6,000  feet  near  Vaughn,  New  Mexico. 

Ptgfny  Rattlesnake  (Sistrurus  miliarius). — ^The  various  subspecies  of  the  pigmy 
rattlesnake  are  found  in  the  lower  Mississippi  Valley,  tiie  Gulf  coast,  pcnin- 
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sular  Florida,  and  the  coasLal  areas  ol  the  .s()utllea^tel n  states.  It  is  oscntially  a 
lowland  form.  Carr  (1910,  pp.  12-24,  95)  reported  the  Florida  sul^^jxties  (S.  rn. 
barbouri)  as  having  a  preference  for  wire-grass  llatwoods;  other  habitat  associa- 
tions were  stated  to  be  limestone  flatwoods,  upland  and  tropical  hammocks, 
flatwood  ponds,  freshwater  and  salt  marshes,  bayheads,  and  lakes.  When  the 
Everglades  are  flooded,  pigmy  rattlers  are  to  be  seen  in  small  trees,  or  coiled  on 
<  i<  palm  leaves  8  to  10  feet  high.  Several  were  found  under  logs  on  the  shore 
of  Lake  Yale. 

Allen  and  Ncill  (19505,  p.  10)  say  that  pigmy  rattlers  in  Floritla  occur  most 
f)fien  in  ])almetto  flatwoods,  or  areas  ol  slash  pine  or  wire  i^rass — in  la(  t.  any- 
where near  lakes,  ponds,  or  marshes,  \eill  (1952,  p.  IS)  found  tiuin  abundant 
about  the  borders  of  cypress  ponds  in  llatwoods.  Herbert  Kulp  of  Xiceville, 
Florida,  wrote  me  that  he  had  found  them  under  h^gs,  and  beneath  turpentine 
cups  that  were  set  close  to  the  ground.  In  Mississippi,  Allen  (1952,  p.  18)  found 
pigmy  rattlers  in  winter  under  logs  in  the  drier  sections  of  swamps.  In  summer 
they  were  in  the  vicinity  of  lowland  streams  and  dense  thickets.  Fannye  Cook 
(1943,  p.  50)  reported  them  as  being  most  often  located  beside  logs  or  in  trash. 
In  Louisiana,  Fitdi  p.  89)  found  the  western  subspecies  (S.  rn.  strrrkcri) 

fairly  (onunon  in  thic  k  mixed  woods.  Clark  (1919,  p.  200)  caught  seven  in  grass 
mounds  in  swamps;  and  lour  in  gardens  bordered  by  low  ground. 

Mexican  Pigmy  Rnitlrsvahe  (Sistrurus  ra\us). — This  is  a  mountain  rattlesnake, 
a  resident  of  the  tableland  that  surroimds  Mexico  C  ity  and  extends  east  to  the 
escaipmcnt  in  Wratru/  and  southeast  to  Oaxaca.  1  he  association  is  lare;ely  the 
tempciaie  pine-oak  lorest  ol  Leopold  (1950,  p.  510).  S.  rux'us  has  been  collected 
at  various  altitudes  between  6,000  and  10,000  feet.  One  specimen  was  caught  at 
night  in  an  open  field  (Davis  and  Smith,  1953,  p.  142).  In  Puebla  it  was  found 
in  an  area  of  porous  soil  with  a  growth  of  grass,  agaves,  cacti,  small  oaks,  and 
thorny  bushes;  in  Oaxaca  in  an  area  of  mixed  brush  and  forest,  referred  to  by 
Goldman  (1951,  p.  229)  as  belonging  to  the  Humid  Upper  Tropical  Zone. 

.Slmmarv 

As  \\e  review  what  has  bet-n  said  roiui-rning  the  habitats  to  which  the  dilirient 
kinds  of  rattlesnakes  are  addicted,  \vi  (ind  that  at  least  one  kind  occupies  almost 
eveiy  t\pe  of  habitat  to  be  hjund  in  the  I  nitcd  Stales  and  Mexico.  Xcglccting 
local  limiting  factors  of  food  supply  and  the  destructive  activities  of  man,  we 
can  see  that  rattlers  can  and  do  survive  everywhere,  except  where  latitude  or 
altitude,  or  both,  have  produced  so  short  a  season  of  adequate  temperatures  that 
the  young  cannot  be  brought  to  term,  even  in  a  two-year  cycle.  Rattlers  can 
survive  a  very  cold  winter  if  it  be  not  too  prolonged;  the  only  places  in  the 
United  States  where  rattlers  do  not  occur  and  where  the  winters  are  relatively 
mild  arc  the  coastal  areas  of  northwestern  (ialifornia,  Oregon,  and  Washington. 

The  greatest  |)r<)lusion  of  forms  occurs  in  the  central  Mexican  plateau  area 
and  its  extension  into  Arizona.  Some  of  these  highland  hnnis  are  restricted  to 
the  mountains,  and,  where  the  mountain  ranges  are  iu>t  continuous,  have  become 
limited  to  montane  islands.  Other  montane  forms  are  able  to  extend  their  ranges 
to  the  plains,  or  possibly  originated  in  the  plains  and  gradually  occupied  higher 
elevations  as  well. 
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Aridity  is  less  of  a  barrier  than  humidity;  by  and  large  more  species  and  sub- 
species ocdipy  chy  ilian  moist  areas;  and  even  in  the  nu)uniLiins,  :n  id  /ones  are 
more  likely  to  be  tenanted  than  those  ol  liea\y  laiidall  and  dense  \ciduic,  and 
by  more  different  sj)e(ies.  Species  ha\ing  the  <^rratest  )an<;es  are  those  that  pre- 
fer, in  at  least  a  part  of  their  ranges,  rocky  luilsidcs  or  njouniains  with  a  scant 
brush  cover. 

That  rattlesnakes  may  not  thrive  at  altitudes  to  which  they  are  unaccustomed 
is  indicated  by  the  following,  from  C.  A.  Knisly,  Belgrade,  Montana:  "Carnival 
shows  having  snake  dens,  have  trouble  keeping  their  rattlers  alive  here»  because 
of  the  high  altitude.  Most  of  them  are  western  diamonds  bought  at  Brownsville, 
Texas  "  f)f  course  tlic  fatalities  may  have  been  caused  by  other  unfavorable 
conditions  incident  to  captivity. 


ISLAND  HABITATS 

A  considerable  number  of  islands  are  inhabited  by  rattlesnakes.  Although  the 
insular  populations  are  often  similar  to  those  of  the  nearby  mainland,  in  other 
cases  they  have  diverged  to  a  noticeable  extent,  in  a  few  instances  to  a  sufficient 
degree  to  warrant  recognition  as  distinct  species.  Some  of  the  island  populations, 
by  their  very  differences,  suggest  that  they  have  persisted  there  since  the  original 
separation  of  the  islands  from  the  adjacent  mainland;  otlieis  deailv  r(  present 
more  recent  colonizations,  having  reached  the  islands  by  swinnning,  transporta- 
tion on  floating  debris,  by  being  carried  by  birds  of  prey,  or  by  some  similar 
means  of  dispersal.  In  some  instances  involving  narrow  straits,  swimming  pro- 
duces a  continual  interchange  of  individuals  between  island  and  mainland. 
Occasionally  islands  have  been  found  to  be  advantageous  habitats,  offering  a 
better  food  supply  or  greater  freedom  fiom  enemies.  This,  in  some  cases,  has 
resulted  in  a  heavier  population  on  the  island  than  on  the  adjacent  mainland, 
or  persistence  after  the  mainland  population  has  been  exterminated.  For  example, 
in  Mitlii^an  the  most  northerly  specimens  of  the  massasauga  {S.  c.  catctialus)  are 
found  on  Bois  Blanc  Island,  in  the  Mackinac  Stiaits;  and  the  only  limber  rattlers 
(C.  h.  horridus)  remaining  in  northern  Ohio  are  on  the  tips  of  the  Catawba  and 
Marblehead  peninsulas,  and  several  of  the  adjacent  islands  in  Lake  Erie  (Conant, 
imp,  118:  1951,  p.  118). 

Islands  inhabited  by  rattlesnakes  represent  various  degrees  of  separation  from 
the  contiguous  mainland.  In  some  instances  the  scpai  ating  water  may  be  so  nar- 
row, so  warm  and  well  {jroiectcd,  as  to  offer  virtually  no  barrier  to  creatures 
that  swim  as  cffi(  ienily  as  do  rattlesnakes.  In  these  cases  there  will  be  a  continual 
transference  ol  individuals  bark  antl  forth  so  that  there  is  no  true  isolation,  and 
thus  no  chance  for  insular  differentiation. 

Some  of  the  inhabited  islands  are  but  little  more  than  dry  areas  in  swamps, 
or  mounds  in  a  general  lowland.  Such,  for  example,  are  Billy's,  Bugaboo,  and 
Minne  Lake  islands  in  the  Okefinokee  Swamp  of  southeastern  Geoi^gia,  upon 
which  Wright  and  Bishop  (1915,  p.  139)  have  ii  ported.  Tin  canebrake  rattler 
(C.  atricaudatns)  has  been  foimd  on  Billy's  and  Bugaboo,  the  i  astern  diamond- 
back  (C.  adamanteus)  on  Minne  Lake,  and  tiie  Carolina  pigmy  rattler  {S.  m. 
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fnili(nius)  on  Bilh  s.  No  doubt  by  swininiing,  or  in  the  tliy  seasons,  llicy  all  have 
ready  access  to  any  of  these  places.  Similarly  the  western  Jjigniy  rattler  (S.  rn. 
streckeri),  the  canebrakc,  and  tlie  eastern  diamondback  have  been  found  at 
Avery  Island,  Louisiana,  as  I  was  informed  by  the  late  £.  A.  Mcllhenny.  although 
adamanteus  may  now  be  exterminated  there. 

The  next  degree  oC  isolation  is  represented  by  the  permanent  water  separa- 
tions of  rivers  and  lakes.  Of  the  first  I  know  of  few  exmples,  although  there  must 
be  many.  The  South  American  rattler  (C  d.  terrificus)  is  found  on  the  great 
^^araj6  Island  in  the  delt:i  of  the  Amazon — through  the  courtesy  of  1).  Ilold- 
ridge  1  ha\c  seen  a  p]iot()<^ra|)h  of  a  sjjccinK  n  taken  there.  At  one  time  the  mas- 
sasauga  occurred  on  Grosse  Isle  in  the  Detroit  River  (Baird  and  Guard,  1853, 
p.  15)  but  has  now  been  exterminated  there.  Strecker  (1908,  p.  78;  1935,  p.  27) 
has  recorded  both  the  western  diamond  (C.  atrox)  and  western  pigmy  rattler 
{S.  m.  streckeri)  on  Mussel  or  Eichelbei^r's  Island,  North  Bosque  River,  Mc- 
Lennan County,  Texas.  Several  of  my  correspondents  have  mentioned  finding 
rattlers  on  small  unnamed  islands  in  rivers,  on  which  the  snakes  were  resting 
while  crossing  the  stream. 

In  lakes  of  small  to  uuxlerate  si/c,  \vc  have  reports  of  the  eastern  massasauga 
(S.  c.  ratetmtus)  on  Pony  Islantl,  Indian  Lake,  Logan  ("ouiuv.  Ohif)  (Conant. 
1938,  p.  Ill);  the  Great  Basin  rattler  (C.  v.  lutosus)  on  Anaho  Island,  Pyramid 
Lake,  Washoe  CSounty,  Nevada;  the  northern  Pacific  rattlesnake  (C.  v.  oreganus) 
on  Rattlesnake  Island,  Clear  Lake,  Lake  County,  California;  and  the  sidewinder 
(C.  c.  laterorepens)  on  Echo  Island,  Salton  Sea,  Imperial  County,  California. 
I  suspect  that  a  good  many  rattlers  (Mojaves,  Panamints,  or  sidewinders)  may 
still  remain  on  some  of  the  larger  islands  in  Lake  Mead  (formed  by  Hoover 
Daui)  although  I  foinid  only  one  sidewinder  when  I  hunted  on  a  nunibn  of  the 
biiiallc'i  islands  that  were  being  pinched  olE  by  the  rising  waters  ol  tlie  reservoir 
in  1935. 

No  doubt  many  inshore  islands  of  the  Creat  Lakes  are  inhabited  by  rattlers. 
The  timber  rattler  (C.  h.  horridtts)  occurs  on  South  Bass  Island  (Ottawa  County, 
Ohio)  in  Lake  Erie  (C.  F.  Walker,  1931,  p.  11);  and  Morse  (1904,  p.  138)  reported 
a  small,  declining  colony  on  Mouse  Island  off  Catawlm  Point  in  the  same  vicinity. 
The  eastern  massasauga  (S.  c.  catenatus)  inhabits  a  number  of  islands  off  the 
Michigan  coast  (Ruthven,  Thompson,  and  Thompson,  1912,  j).  IL'H;  Ruihven, 
'1  hompson,  and  Caige,  1928,  p.  133)  in(  hiding;  (  .liarit\  ,  North,  ami  Stoiiv  islands 
in  Saginaw  Bav,  Lake  Muion:  and  liois  lihuu  Island  in  llic  Stiaiis  of  Matkinac. 
G.  C.  l  oner  has  written  me  that  the  same  subspecies  is  found  on  se\eral  islands 
oS  the  tip  of  Bruce  Peninsula,  between  Lake  Huron  and  Georgian  Bay,  Ontario, 
as  well  as  on  Fitzwilliam  Island  across  the  strait.  J.  R.  Dymond  has  reported 
the  massasauga  on  Payette  Island,  near  Penetang,  Simcoe  County,  Ontario;  and 
Logier  (191 1,  p.  103)  mentions  a  specimen  from  Macdonalds  (or  Garrett)  Island, 
Prince  Edward  C'ounty,  but  there  is  now  some  doubt  as  to  the  proper  identifica- 
tion of  this  Miake  In  the  oii<^inal  obser\ei.  Mi".  Logier  later  informed  me  of 
the  {presence  of  massasaugas  on  Arthur  Island  oti  tlie  southeastern  shore  ol  Geor- 
gian Bav. 

As  might  be  expected,  many  of  the  low  islands  that  fringe  the  coasts  o£  Georgia 
and  South  Carolina  are  inhabited  by  rattlers.  Thus  the  eastern  diamondback  has 
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hcvn  reported  on  Sapelo  Island,  Mcintosh  County,  Georgia;  and  the  cancbrakc  on 
St.  Simons  Island,  Glynn  County,  Georgia,  and  Johns  Island,  Charleston  County, 
South  Carolina.  The  C'atolina  Jjigniy  raitlcr  (S.  tn.  tnillariiis)  also  occurs  on  the 
latter  islantl.  Without  doubt  many  ol  the  other  islands  that  border  the  inland 
waterway  are  similarly  tenanted  by  one  or  more  of  these  three  subspecies.  The 
timber  rattler  (C.  A.  horridus)  once  inhabited  Long  Island  but  is  now  presumed 
to  have  been  extorminated  there  (Englehardt  et  al.,  1915). 

As  might  be  expected  of  so  excellent  a  swimmer  as  the  eastern  diamondback 
(C.  adamanteus),  aided  by  the  favorable  sea  tem|)eratures  around  Florida,  this 
snake  has  colonized  a  number  of  the  adjacent  keys.  I  have  a  specimen  &om  Key 
West.  W.  H.  Fowler  (1906,  p.  110)  has  recorded  it  on  Boca  Chica,  Big  Pine,  No 
Name,  Summerland,  and  Sugar  Loaf  kcvs.  Roger  Cx>nant  writes  that  it  is  found 
on  Rattlesnake  Key  off  1  erra  Ceia;  (blench  (1925,  p.  -40)  rej)orts  it  on  Sanibel 
Island;  and  Allen  and  Slatten  (1915,  p.  26)  on  Cudjoy  (or  Cudjoe)  Key.  Since 
the  conditions  of  food  and  shelter  are  so  favorable,  no  doubt  these  are  but  a 
few  of  the  Florida  islands  that  are  occupied.  The  eastern  diamondback  has  also 
been  recorded  on  Cat  Island,  Harrison  County,  Mississippi.  Even  the  little  south- 
eastern pi.gmy  rattlesnake  (S.  m.  harboxiri)  has  been  observed  on  one  island — 
Paradise  Key,  Dade  C'ounty,  Florida — although  Allen  and  Neill  (1950,  p.  10) 
consider  it  rare  in  the  keys.  1  he  western  pigmv  rattlci  (V.  in.  streckeri)  has  been 
found  on  Cat  Island  in  Mississippi  Sound,  Mississij;pi  (Snuth  and  List,  1955, 
p.  124).  Off  tiic  coast  of  Texas,  across  Aransas  Bay  from  the  mainland,  both  the 
western  diamond  (C.  atrox)  and  the  western  massasauga  (S.  c.  tergeminus)  have 
been  found  on  St.  Joseph  Island. 

On  the  Pacific  Coast,  the  o&hore  waters  are  both  deeper  and  colder  than  on 
the  Atlantic  or  Gulf  of  Mexico  coasts.  Rattlers  are  found  swimming  at  sea  mudi 
less  frequently  and  it  is  extremely  doubtful  that  there  is  any  interchange — or 
lias  been  for  a  long  time — between  the  insular  or  mainland  populations.  I  his 
statement  is  probably  true  of  all  the  islands  known  to  be  inhabited  bv  rattlers 
in  this  legion  except  Morro  Rock,  Magdalena,  Santa  Margarita,  and  1  iburon. 
Not  (july  are  the  Pacific  and  Gulf  of  California  islands  separated  Iroiu  the  main- 
land by  greater  water  barriers,  but  they  are  ecologically  more  differentiated  from 
the  mainland  than  are  the  Atlantic  and  Gulf  islands. 

On  the  Pacific  Coast  of  California,  two  islands  are  tenanted  by  rattlesnakes — 
Morro  Rock  by  the  northern  Pacific  (C.  v.  oreganus)  and  Santa  Catalina  by  the 
southern  Pacific  (C.  v.  helleri).  Although  more  fog-shrouded  than  the  mainland, 
these  islands  have  a  good  brush  cover  and  considerable  rock,  so  that  the  sur- 
roiuidings  are  not  great Iv  diilncnt  lioni  some  nidies  on  the  mainland. 

Proceeding  down  the  toast  oi  liaja  Caliiornia  we  ha\e,  on  South  Coronado, 
the  indigenous  subspecies  C.  v.  caligiuis;  on  Ccdiu^,  the  indij^cnous  species  C. 
exsul,  which  will  be  mentioned  further;  on  Magdalena,  C.  e.  enyo;  and,  on  Santa 
Margarita,  three  species,  the  San  Lucan  diamond  rattler  (C.  r.  lucasensis),  the 
Lower  California  rattler  (C.  e.  enyo),  and  the  speckled  rattlesnake,  probably  the 
San  Lucan  subspecies  (C.  m.  mitchelU).  The  classification  of  the  latter  cannot  be 
verified  since  only  one  specimen  has  been  collected  there  and  this  was  lost  in 
the  San  Francisco  fire  of  fifty  years  ago.  However,  there  is  no  reason  to  doubt  the 
presence  of  this  rattler  on  the  island,  as  its  barren,  rocky  nature  is  ideal  for 
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initchelli.  The  adjacent  M.i^diiloiia  Island  is  lower  and  ilatter,  with  £ewer  rocky 
hills;  onlv  C.  c.  ertyn  is  knoun  to  otcur  ihcie. 

The  islands  of  the  GuU  ol  Calilornia  are  more  pientiiuUy  and  nioie  geneially 
populated  by  rattlers  than  those  of  the  Pacific  Coast.  Table  2:5  shows  the  dis> 
tribution  of  the  snakes  among  these  islands.  There  are,  altogether,  13  subspecies 
of  rattlesnakes  scattered  among  19  islands.  Most  of  these  Gulf  of  California  islands 
answer  to  a  common  description— tliey  are  rocky  (volcanic),  barren,  with  peaks 
of  consich-rable  altitudi  S])arse  briisii  and  cacti  are  present;  water  is  available 
on  a  few.  San  Jose  and  i  iljurrjn  pn)bal)ly  lia\c  greater  areas  wiili  a  liea\y  rover  of 
\egctation  ilian  tlie  otbeis.  It  mav  be  e\j)r(tc'd  that  luture  ixjjlorations  ot  lhc.se 
tlesolate  ishiiids  will  disclose  additional  speiies  on  those  now  known  to  ha\e  at 
least  one  rattler;  and  that  several  of  the  other  islands,  from  which  no  rattler 
records  are  yet  available,  will  be  found  to  harbor  them.  There  are  rumors  of 
rattlers  on  several  others. 

All  of  the  islands  contain  the  species  that  would  be  expected  on  geographical 
grounds.  The  islands  nearest  to  the  Baja  California  peninsula  have  Baja  Cali- 
fornian  forms;  the  two  nearest  Sonora  (  l  iburon  and  San  Esteban — ^the  latter  via 
Tiburon)  have  Sonoran  forms,  i  he  rattler  on  the  only  islanil  iliai  is  equidistant 
from  l)f)th  shores  has  (hlT(  renlialeil  sufru  ienllv  Irom  its  iu  ar(  ^t  rclati\t  s  to  be 
accorded  specihc  distinction;  this  is  the  'I'ortuga  Island  diamond  rattler  [C.  torlu- 
gensis).  However,  it  more  nearly  resembles  the  western  diamond  (C.  atrox)  of 
Sonora  than  the  red  diamond  (C.  r.  ruber)  across  the  Gulf  in  Baja  California. 

Island  forms  are  often  stunted  compared  with  their  mainland  congeners.  This 
is  clearly  true  of  the  rattlesnakes  (C.  v.  caliginis)  of  South  Coronado,  the  Cedros 
Island  diamond  (C.  exsul).  the  Santa  Catalina  Island  diamond  iC  (  itnlinrusis), 
the  Torliiga  Island  diamond  (C.  fnrtuQf'fisi.s].  (he  Kl  Muerto  Island  sju  c  kled  rattler 
(C  Tn.  viiici  trnsi.s),  and  the  l  t  d  diamonds  ol  Angel  de  la  fiiiarda.  But.  strang(  !\ 
enough,  the  largest  speckled  rattler  available  from  any  source  is  (lom  .\ugel  ilc  i  i 
Guarda,  and  this  is  particularly  notable  in  view  of  the  few  island  specimens  that 
have  been  collected,  compared  with  the  large  number  from  the  mainland. 

To  date,  four  island  rattlesnakes  have  been  accorded  recognition  as  full  species, 
owing  to  their  considerable  differentiation  from  their  mainland  prototypes.  These 
are: 

The  Cedros  Island  diamond  rattler  (C.  exstd)  from  Cedros  Island,  Pacific  Coast  of  Baja 

CaIiforni;i:  lK^l)C'^t  ni.iinl.iiK!  ic!;itive,  tlie  red  diamond  (C.  r.  ruber) 

Ihc  Santa  Catalina  Island  diamond  fattier  (C.  catalinensis)  from  Santa  Catalina  Island, 
Gulf  of  California;  nearest  mainland  rdative,  the  San  Lucan  diamond  (C.  r.  lucasensis) 

The  Tortuga  Island  diamond  rattler  (C.  toriugensis)  from  Tortuga  bland.  Gulf  of  Cali- 
fornia; nearest  iiKiitiland  relative,  the  wcstctii  (!i;m!oiid  iC.  ofrox) 

The  Aruba  Island  rattlesnake  (C.  unicolor)  from  Aruba  Island,  oil  the  coast  of  Venezuela; 
nearest  mainland  relative,  the  South  American  raider  (C.  d.  terriftcm) 

All  four  are  stunted  compareil  with  their  mainland  relatives.  I  hc  last  thiee 
live  under  conditions  more  aiid  than  those  chararteristir  of  the  (cnteis  of  ilie 
mainland  populations.  llowe\er,  this  is  not  tiiie  of  Ciedros  Island,  which  does 
not  differ  greatly  from  some  of  the  mainland  areas  inhabited  by  the  red  diamond. 
As  a  matter  of  fact,  there  is  a  considerable  ecological  range  on  Cedros,  for  part 
is  barren,  and  part  fertile  and  quite  humid.  There  are  rocks,  heavy  brush,  and 


Copyrighteci  material 


Populations  and  Ecology  559 

even  trees  in  the  canyons  and  at  the  higher  elevations.  But  notwithstanding  this 

ecological  similarity,  the  separation  frotii  the  mainlaml  has  been  so  long  that  a 
notable  differentiation  has  occurred.  Ariiba  was  forested  in  pre-Clohinibian  limes, 
but  is  now  relati\elv  !)arrcii.  All  foiii-  of  tlic  islands  iliat  harbor  distinct  species 
are  so  situated  that  any  exchange  ol  indi\iduals  with  the  mainland  has  been 
virtually  impossible  for  a  long  time. 

Four  island  jjopulations  have  differentiated  enough  from  their  mainland  proto- 
types to  warrant  nomenclatorial  recognition  as  subspecies.  These  are: 

The  Gonmado  laland  nttlesnake  (Crotalus  vMdis  ealiginis)  from  South  Conmado  Uand 
off  the  northwestern  coast  of  Baja  California;  nearest  mainland  rdative,  the  southern 

I'arilic  radlcsiiakc  (C.  v.  hcUeri) 

Ihc  Ccrralvo  Island  rattlesnake  (C.  enyo  cerralvensis)  of  Cerralvo  Island,  Gulf  of  Caii' 
fomia,  Mexico;  nearest  relative,  the  Lower  Cah'fornia  rattlesnake  (C.  enyo  enyo)  of  the 
central  and  southern  sections  of  the  peninsula  of  Baja  California 

The  Sail  IStt'lKUi  F<laii(!  laitlcsnake  (Crnlnlus  tiiolnssiis  rstrhancnsis)  of  San  tslcliaii  Island 
off  1  iburun  Island  near  Lai.  29"  N.,  in  the  Gulf  of  California;  nearest  relative,  the  northern 
black-tailed  ratder  of  Tiburdn  Island  and  the  adjacent  mainland  of  Sonora 

The  £1  Muerto  Island  speckled  rattlesnake  (Crotalus  mitchelli  muertensts)  of  El  Muerto 
Island  in  the  San  I.iiis  group,  ofl  the  Baja  California  coast  at  I. at.  "?()'  \,,  in  the  Gulf  of 
California;  nearest  mainland  relative,  the  southwestern  speckled  rattlesnake  (C  m.  pyrrhus) 

The  propriety  of  awarding  subspecific  recognition  to  island  populations  is 
doubtful,  when  territorial  intergradation  with  other  subspecies  is  obviously  im- 

|)ossible.  For  technical  reasons,  some  taxononiists  feel  that  an  island  population 
should  be  given  either  a  full  specific  status  or  no  recognition.  However,  I  favor  a 
subspecific  status,  where  waiiaiited  by  tlic  dcgiee  of  difleieiuiation,  betaiisc  the 
resulliiiii,  name  sci\cs  lo  inditatc  lelalioiisliips.  .Almost  all  the  island  snakes  of 
the  C.ahiornias  have  dillcreuiiatcd  in  some  degree  from  their  mainlantl  proto- 
types, and  additional  subspecies  may  be  described  as  more  specimens  become 
available.  Among  those  most  closely  approaching  this  distinction  are  the  red 
diamonds  of  Angel  de  la  Guarda,  the  red  diamonds  of  Monserrate,  and  the 
speckled  rattlers  of  Espiritu  Santo,  in  the  Gulf  of  California. 

POPULATION  FACTORS 

Population  Densities 

Tnistwoithy  figures  on  acttial  population  densities  of  rattlers  are  scarce  indeed, 
owing  to  the  obviotis  difficulty  of  making  accurate  ceirsiises.  'I  hc  most  (omjjlcte 
studies  thus  far  have  been  those  on  the  northern  Pacific  latilesnake  made  by 
Fitch  and  his  associates  on  the  San  Joacpiin  ExpcrimeiUal  Range  in  Mailera 
County,  California.  Horn  and  Fitch  (1942,  p.  120;  see  also  Wagnon  et  aL,  1942, 
p.  73)  reached  the  conclusion  that  there  was  somewhat  in  excess  of  one  rattlesnake 
per  acre  on  this  rolling  cattle  ranch.  Fitch  (1949a,  p.  546),  after  a  resurvey  of 
this  and  some  additional  data,  attained  a  figure  of  1.19  rattlesnakes  per  acre. 
I'he  studies  were  made  by  capturing,  marking,  and  releasing  rattlers  and  sidjse- 
quentlv  recapturing  them.  It  was  then  jjossible.  by  calculations  iinolvini;  the 
ratio  of  the  recaptured  snakes  to  those  newly  taken  for  the  ftrsi  time,  together 
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with  data  on  the  (lisiaiucs  tia\clccl  \n  tlic  recaptures  in  ihe  iiiiciini,  to  estimate 
the  total  popiilaiion  with  some  acturaty.  Probably  this  release  and  recapture 
method,  as  discussed  by  Dice  (1938,  p.  119),'  is  the  only  satisfactory  one  for  secre- 
tive creatures  such  as  rattlesnakes,  which  lie  hidden  down  holes  or  in  rock  crevices 
much  of  the  time.  Such  a  prc^ram,  to  yield  dependable  results,  requires  several 
years  for  its  completion. 

Fitch  points  out  that,  even  in  a  territory  as  small  as  the  Experinuiual  Range 
(4, GOO  acres),  there  is  a  considerable  variation  in  the  population  density  in  dif- 
ferent parts  of  the  area  investif^aied.  A.  M.  }a(  klcv  rej)orted  a  similar  nonuniform 
distribution  of  ])rairie  ratlk  snakes  in  South  Dakota: 

I  made  an  efTort  for  a  number  of  years  to  check  on  llic  summer  distribuiion.  What  I  had 
in  mind  was  to  get  aome  basis  upon  which  I  might  venture  an  estimate  of  our  rattlesnake 
population.  I  finally  gave  it  up  as  useless  for  the  following  reasons:  I  could  diooae  an  area 

of,  sav,  1.200  acres  and  prove  the  population  lo  I)o  as  high  as  1,200,  or  one  to  the  ane, 
but  even  within  such  an  area  in  all  probability  75  per  cent  of  this  number  would  be  con- 
fined to  one  section,  or  640  acres.  Or,  I  could  choose  an  equal  area  adjoining  this  wherein 
there  probably  would  not  be  more  than  200.  .Vpain.  I  (ouhl  fintl  restricted  areas  where  the 
population  woulil  be  heavv  and  adjoining  it  would  be  equal  areas  with  no  rattleiS  at  all. 
There  is  much  local  viirial>il ii v.  even  in  prairie  country. 

Interesting,  altliough  less  rontlusive,  figures  may  be  secured  by  a  ihoiough 
stirvcy  of  a  limited  plot.  For  example,  l-loyd  C'.  Moiris  of  the  S.  Soil  Ojn->er\a- 
tion  set  \ ice  at  St.  Joseph,  Louisiana,  reported  that,  when  a  .")()-acie  field  was  tlcared 
of  second-growth  gum,  oak,  pecan,  and  hackberry  in  August,  28  tancbiakc  rattlers 
(C.  h,  atricaudatus)  were  discovered  in  the  course  of  the  work. 

Unfortunately,  when  rattlesnake  control  measures  are  undertaken,  there  is 
usually  no  record  kept,  either  of  the  area  covered  or  the  thoroughness  with  whidi 
it  has  been  searched.  And,  regardless  of  the  care  exercised  in  hunting,  the  snakes 
in  mammal  holes  or  other  hiding  places  will  not  be  discovered.  Hut.  although 
they  will  not  have  the  usefulness  {)f  popidation-density  statistics,  it  will  be  worth 
^v•hile  to  cite  some  figuris  indicating  the  extent  of  ])i)pulaiions.  avoiding  data 
involving  den  concentrations,  the  misleading  natuie  of  which  is  pointed  out  else- 
wha«. 

A  randier  in  Texas  in  dearing  brush  killed  60  rattlers  per  square  mile;  another 
killed  77.  Gowanloch  (1934,  p.  10)  mentions  the  killing  of  4,389  rattlesnakes  on 

one  tract  in  connection  with  the  Mediterrairean  fruit  fly  eradication  campaign 
in  Florida.  Stoddard  (1912,  p.  436)  stated  that  1,000  eastern  tliamondbacks  (C. 
adarna ulcus)  were  killed  pet  annum  on  seven  hiuiting  preser\es  in  the  I  homas- 
ville-'l  allahassce  region,  where  a  bounty  cjI  one  ilollar  had  been  offered  for  each 
snake.  Ross  .Allen  advised  me  that  over  a  period  of  28  years  he  had  received  from 
1,000  to  5,000  eastern  diamondbacks  per  annum  at  his  snake  exhibit  at  Silver 
Springs,  Florida,  with  a  grand  total  of  about  50,000.  These  figures  give  some  idea 
of  the  commonness  of  this  large  rattlesnake  in  parts  of  Florida.  Aca>rding  to 
Fonseca  (1949,  p.  325)  the  South  American  rattlesnake  {C.  d.  terrifictis)  is,  with 
the  single  exception  of  the  pit  viper  known  as  the  jararaca  (Bothrops  jararaca), 
the  most  plentiful  venomous  snake  in  Brazil.  In  the  course  of  1.')  years,  115,114 
spet  imens  of  terrificus  were  received  by  tlie  Butantan  Institute,  at  Sao  Paulo, 
Brazil. 

'  Some  herpelological  references  to  in\esiigations  of  this  character,  a  few  of  which  included  rat- 
tlesnakes are  given  on  p.  571. 
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Some  of  my  correspondents,  on  the  other  hand,  have  commented  on  how  few 
rattlesnakes  they  have  seen,  althouoh  their  work  frequently  look  them  into  raitle- 
snake-infcsicd  couiitrv.  l  iic  (.■\j)crit'ii(ed  naturalist  V'ernou  Hailey  (1905,  |).  fjO) 
stated  that  although  the  western  diamond  rattler  was  often  reported  as  exces- 
sively common  in  Texas,  in  the  course  of  his  field  work  he  never  found  more 
than  a  dozen  individuak  in  their  favorite  haunts,  during  a  season's  work  of  four 
or  five  months. 

The  late  Joseph  S.  Dixon,  field  naturalist  of  the  U.  S.  Fish  and  Wildlife  Service, 
had  kindly  given  me  the  following  information  about  his  experience: 

On  July  II,  1940,  three  nortliem  Pacific  rattlesnakes  were  found  on  a  warm  rocky  slope 

betu'cen  Poison  Lake  and  Swamp  Lake  in  an  area  50  feet  wide  and  less  ihnn  lialf  n  mile 
long.  This  makes  the  second  day  that  we  have  found  Uirce  rattlesnakes  in  half  a  day's  hike 
in  this  region,  with  a  total  of  e^ht  mtlcsmdces  fbund  in  six  days  on  le»  than  three  square 
miles.  This  represents  about  the  maximum  rattlesnake  population  that  I  have  encountered 

in  the  Sierra  Nevada  in  30  years  of  field  work  and  is  much  liiifiur  than  any  rattlesnake 
population  that  I  have  ever  found  in  Death  Valley,  or  in  the  Colorado  or  .Mojavc  deserts. 

It  should  be  stated,  with  regard  to  Dixon's  catch,  that  it  represented  die  results 
of  an  intensive  hunt  by  25  trained  natuialists. 

I  have  already  discussed  island  populations  of  rattlesnakes.  Although  many 
islands  are  reputed  to  be  "alive  with  rattlesnakes"  such  repoi  ts  are  generally  exag- 
gerated, and  it  is  usually  ioiuid  that  the  |)()j)ulati()n  density  is  not  conspicuously 
diiiereut  iioni  thai  of  similar  areas  of  the  mainland.  However,  there  are  three 
islands,  £1  Muerto,  Tortuga,  and  Monserrate,  all  in  the  Gulf  of  California,  that 
have  really  heavy  concentrations,  as  has  been  demonstrated  by  several  collectors, 
for  considerable  numbers  have  been  taken  on  each  island  on  relatively  short  visits. 
These  are,  in  fact,  the  only  islands  off  Baja  California — although  many  others 
harbor  rattlors — where  a  collector  of  experience  would  be  sure  to  obtain  a  number 
of  snakes  in  a  single  day's  hunt.  Ste\e  Glasscl  told  me,  just  after  a  visit  to  Tortuga 
in  iJeccnihcr,  19.'M,  tfiat  the  indigenous  diauiondbacks  (C.  to) tuL^cnsis)  wete  seen 
every  100  to  ir)0  tect.  One  collecting  jjarty  seemed  20  spedtncns  in  two  hoius 
of  collecting.  1  he  snakes  disclosed  tlieir  presence  by  ratiluig  li  a  rock  under  which 
they  were  hitling  was  rapped.  Nelson  K.  Carpenter  stated  that  the  ocmcentration 
on  that  island  was  greater  than  he  had  ever  seen  elsewhere,  and  that  he  and  his 
associates  on  a  bird-nesting  expedition  actually  left  the  island  for  fear  someone 
mig^t  be  bitten.  He  also  remarked  on  how  plentiful  C.  m,  muertemis  was  on  £1 
Mucrio  Island,  a  situation  verified  by  subsequent  collectors.  F.  S.  Cliff  reported 
the  tracks  of  C.  r.  ruber  \ery  common  on  Monserrate,  and  many  of  these  rattlers 
have  been  collected  on  that  island. 

Effect  of  Dens  on  Population  Estimates 

In  those  areas  where  rattlesnakes  congregate  from  considerable  distances  for  pur- 
poses of  hibernation,  particularly  if  the  den  locations  are  accessible  to  people, 
it  is  very  difficult  to  get  tndy  objective  estimates  of  population  densities  on  the 

summer  range.  It  is  raiely  understood  that  the  conspicuous  concentrations  ob- 
served at  the  dens  are  drawn  from  wide  areas,  aggregations  to  be  noted  only  for 
a  few  days  in  the  fall  or  spring,  and  that  these  are  by  no  means  reprt  sentati\e 
of  the  population  density  anywhere  during  the  seasons  of  normal  activity.  It  is  but 
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natural  tliat  a  |)crson  liaj)|)(  ning  upon  a  den  at  the  apjjiopi  iatc  time  would  con- 
clude that  the  entire  country  must  literally  swarm  with  rattlers,  whereas  he  might 
travel  for  days,  after  they  had  scattered  for  the  sunnner,  and  rarely  see  a  single 
one.  There  is  little  doubt  that  the  published  reports  of  the  great  numbers  of 
rattlers  in  some  parts  of  the  West  in  the  early  days  were  based  on  such  observa* 
tions  at  dens.  Even  today  the  stories  of  increasing  populations  of  rattlers  seem 
usually  to  be  premised  on  the  greater  publicity  now  being  given  to  the  discovery 
of  dens. 

Some  of  the  published  leports,  probably  having  den  concentrations  as  their 
bases,  were  the  following.  .Sulli\aii  (1852,  p.  171)  said  the  rattleis  along  the  banks 
of  the  Mississi|)jji  were  iabulous  in  numhei.  Allen  (1871,  p.  ()9)  siateil  thai  in  the 
North  Pacilit  Railroad  Expedition  of  1872  about  2,000  prairie  rattlers  were  killed 
in  the  Bad  Lands  of  the  Little  Missouri  and  along  the  Yellowstone,  but  fewer 
were  found  on  a  subsequent  expedition  one  or  two  years  later.  One  may  hazard 
the  guess  that  the  first  expedition  came  upon  the  dens  at  the  most  propitious  time. 
Yarrow  and  Henshaw  (1878,  p.  1633),  on  Rattlesnake  Hill  in  southern  New 
Nfcxico,  saw  between  300  and  500  rattlers  on  October  5,  and  killed  79.  Chittenden 
(1903,  p.  47)  reports  having  killed  \?>0  rattlers  in  the  course  of  a  few  minutes 
near  Bijou  Hills,  lirulc  Countv,  South  Dakota.  He  repeats  (]9'^''h  p.  82(i)  that  in 
some  areas  they  were  present  in  pi odigious  nundjers.  Mrs.  .Simtoe  (1*)11,  p.  200), 
in  a  diary  written  in  1793,  mentions  700  rattlers  that  were  killed  by  sur\eyors, 
near  Burlington,  Ontario.  Morse  (1927,  p.  217)  saw  about  100  northern  Pacific 
rattlers  {oreganus)  on  a  single  flat  rock  on  the  banks  of  the  Yuba  River  in  Cali- 
fornia, in  the  early  gpld-mining  days.  Anon.  (1937,  p.  207)  quotes,  from  the  Con- 
cordia (Kansas)  Empire  of  October  20  and  27,  1876,  descriptions  of  a  laige  den 
said  to  be  situated  on  a  hill  8%  miles  southwest  of  the  town.  Up  to  3,600  snakes 
had  been  killed  there,  of  whidi  1.77r)  wcje  blue  racers:  rattlers  were  not  men- 
tioned. Dodge  (1938,  p.  ')0)  remarks  that  considerable  concemrations  of  rattlers 
may  be  cncoimtered  in  the  autumn  while  they  are  en  route  Irom  their  summer 
ranges  to  the  dens. 

My  own  correspondents  have  commented  on  the  different  impressions  one  may 
gain  of  rattlesnake  populations  when  comparing  den  concentrations  with  the 
frequency  with  which  the  snakes  are  to  be  seen  at  other  times.  C.  B.  Perkins, 

visiting  the  Platteville,  Colorado,  dens  at  weekly  inter\als  d  lu'ing  the  summer, 
collected  only  two  rattlers  at  these  prairie-dog  towns,  where  hunch eds  wcvt  later 
in  evidence  while  entering  or  leaving  hibernation.  Sweet  (19.')1,  p.  51)  said  he 
sccureil  more  rattleis  in  a  single  day  at  one  ol  the  dens  in  Montana  than  in  an 
entire  season  on  the  summer  l  anges  of  the  snakes. 

Rev.  A.  C.  Mackie,  of  Vernon,  British  Columbia,  expresses  somewhat  the  same 
thought: 

A  dcsaiplion  of  my  fruitful  experience  at  dens  miglil  lead  lo  ihc  idea  thai  thi.s  localiiy  is 
infested  with  rattlesnakes  and  is  undesirable  as  a  residential  centre.  Such  is  not  the  case. 
They  are  very  lotali/cd  and  their  pursuit  entails  a  good  deal  of  phvsifal  effort  and  energy. 
Many  people  who  have  lived  here  for  thirty  years  have  yet  to  see  their  first  one. 

I  have  mentioned  elsewhere  (p.  581)  some  statistics  on  den  populations  as  indi- 
cated by  actual  catches  at  dens. 
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The  effect  of  dens  on  estimates  of  snake  populations,  as  reported  by  e  arly  ex- 
plorers and  trapjjcrs.  may  be  misunderstood  even  today.  Thus  Bulcv  (11150.  xnl.  I. 
p.  256)  remarks  that  the  early  siaiisiics  ol  suake  hunts  an-  asionishiug  to  jjcojjle 
a  century  later.  It  is,  of  coiuse,  true  that  rattlers  have  been  piactieally  extermi- 
nated in  many  agricultural  areas,  but  in  the  wilder  districts  ihcy  are  about  as 
numerous  as  ever.  But  the  diaries  of  the  forty-niners  and  the  other  westward 
migrants  naturally  dwelt  upon  swarming  den  concentrations  when  they  came 
upon  them,  and  thus  one  gains  the  impression  of  lar^  populations.  Diaries  of 
days  other  than  during  the  snakes'  lying-out  periods  of  fall  and  spring  seldom 
mention  encountering  more  than  five  or  six  rattlers  in  a  day.  But  there  were  exag- 
gerations  in  the  other  direction,  ns,  foi  example,  when  Kdwards  (IH.'U),  p.  76),  in  a 
guide  to  Texas  prcjjarcd  for  emigrants,  laitneis.  anil  politicians,  remarks:  "Sucli 
is  the  rattlesnake,  fortunately  not  often  to  be  met  with  in  1  cxas." 

Rarity  of  Particular  Species 

It  goes  without  saying  that  some  rattlesnakes  are  less  common  than  others,  less 
common  even  in  dieir  areas  of  greatest  abundance.  But  it  is  doubtful  that  any 
is  rare  in  the  sense  of  being  really  few  in  numbers  throughout  its  range.  For,  any 
species,  to  survive  occasional  but  temporary  adverse  conditions  of  disease  or  a 
reduced  food  supply,  must  have  a  certain  reservoir  of  numbers,  such  that  fluctiui- 
tions  in  population  will  never  reach  a  minimiun  beyond  which  recovery  is  impos- 
sible, for  once  such  a  miniiuum  is  reached,  extinction  is  inevitable. 

There  are  subspecies  of  rattlesnakes — miqiiihuanus,  vegrandis,  and  oaxacus, 
for  example — of  which  but  two  or  three  specimens  have  ever  been  secured  for 
study  by  scientific  institutions.  But,  so  far  as  we  know,  these  subspecies  are  rare 
only  because  the  places  where  they  live  are  difficult  of  access;  there  is  no  reason 
to  believe  that  specimens  could  not  be  collected  in  considerable  numbers  if  one 
could  readily  reach  the  localities  where  they  occur. 

In  some  cases  it  may  be  necessary  to  discover  new  techniques  of  < ollec  ting,  for 
the  history  of  heriKtologv  is  rc  |)kte  with  instances  of  species  thought  lo  be  rare 
until  someone  disccnered  a  new  method  oi  hunting  that  showed  (hem  to  be  com- 
mon and  resulted  in  generous  catches.  One  type  of  rarity  that  is  real  exists  along 
the  fringe  of  an  animal's  range.  Most  creatures,  as  they  approach  whatever  ecolc^- 
ical  barriers  limit  their  further  migration,  tend  to  thin  out,  unless  the  change  in 
conditions  at  the  barrier  be  an  exceedingly  steep  or  sudden  one. 

As  the  scarcity  of  spec  imens  of  c crtain  kinds  of  rattle)  s  may  be  of  popular  inter- 
est, I  give  herewith  a  list  of  those  forms  of  whicli  fewer  than  ten  specimens  have 
been  available  to  me  in  this  study:  C.  hasilisnis  odxacus  (2).  C.  catnlinryisis  (1),  (7. 
durissus  -i>t  <^randis  (2),  C.  enyo  cerrolvcusis  (2),  C.  enyo  junms  (1),  C.  inolossus 
I'siebanvniis  {^S),  C.  pricci  iniquihuanus  {^i),  C.  scutulalm  salvnn  (8),  C.  stejnegeri 
(5),  C.  transversus  (3),  and  C.  wHlardi  meridionalis  (7). 

Cycles  of  Abundance 

It  is  \vell  known  that  there  arc  cyclic  fluctuations  in  the  po])ulations  of  many 
animals,  including  l)ircls  and  mammals — cycles  of  longer  periods  or  swings  tlian 
mere  seasonal  c  lfccts.  These  cycles  are  usually  caused  by  flue  tuaiions  in  food  sup- 
ply, or  by  the  incidence  and  virulence  of  disease.  1  here  are  obvious  relationships 
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between  the  cyclic  variations  in  the  populations  of  predators  and  prey.  But  some- 
times the  causes  of  population  fluctuations  arc  neither  simple  nor  clear. 

Although  ihe  abundaucc  ol  ? attlcsuakcs,  like  that  ol  other  picdaiois,  nuist 
fluctuate  with  the  abuiulaute  of  prey,  ii  is  piohablc  that  they  are  less  (piitklv  or 
sharply  responsive  to  changes  in  the  food  supply  than  is  the  case  with  nianunals 
and  birds;  for  they  feed  witli  greater  irregularity  and  are  able  to  withstand,  if 
they  must,  fasts  measured  in  terms  of  months,  not  only  during  hibernation,  but 
in  seasons  of  normal  activity.  Many  of  my  correspondents  believe  cyclic  varia- 
tions to  be  evident — ^variations  of  a  type  not  to  be  confused  with  long-term  trends 
caused  by  changes  in  vegetation  and  refuges  resulting  from  human  activities. 
However,  actual  quantitative  proofs  arc  not  available,  for  years  of  study  would 
be  necessary  to  supjjly  accurate  inforniaiiou  for  a  single  area.  It  is  probable  that 
many  of  the  opinions  on  cyclic  fluciuaiions  are  more  subjective-  than  obje(ii\e 
and  may  result  from  chance  encounters  or  from  seeing  the  snakes  lying  about 
their  dens  at  hibernating  time. 

Rattlesnakes  are  plentiful  here,  my  trail  crews  having  disposed  of  SO  in  1935,  but  found 
very  few  in  1936.  Report  from  Soda  Spring,  Calif. 

The  hordes  of  Mormon  crickets  infcstinnr  this  area  since  1931  have  caused  rattlesnakes  to 
change  their  ranges  [presumably  because  of  the  eifect  on  the  food  supply].  Report  from 
LamoUle,  Ncv. 

In  rrrtain  years  rattlesnakes  seem  to  be  more  nmneroiu,  «nd  then  they  disappear  for 

awhile.  Report  from  Teamah,  Nebr. 

Some  years  rattlers  are  plentiful.  Other  yean  they  disappear,  or  do  not  come  out.  Report 

from  Cimarron,  Kans. 

The  i|ucMiiin  tffttn  ;i>kf<I  is:  "I>c)i^  tlu-  ill(!<■,^^(■  oi  <t<  Ln;,iNc  in  our  rati!c!>naKc  |>u|jiilaii()ii 

occur  in  cycles?"  Such  is  the  case  with  many  creatures,  particularly  insects  and  small  rodcnu 
radi  u  mke.  This  subject  has  been  carefully  studied  over  a  period  of  16  years,  and  no 
en^denoe  has  been  obtained  that  suggests  sudden  and  large  increases  at  regular  intervals. 

Tlu-re  is  one  ttiinpj  that  deserve;  mention,  which  is  that  the  snakes  are  more  in  evidence 
when  ivcaiher  and  temperature  are  most  agrccaijle  to  ihem.  Under  all  conditions  that  are 
uncomforuble  to  them,  they  remain  concealed.  This  explains  why  more  are  encountered 
one  year  than  another,  even  though  the  population  remains  the  same.  A,  M.  Jackiey,  Pierre, 
S.Dak. 

It  is  my  conclusion  that  there  are  probably  rattlesnake  cycles  of  abundance,  fol> 
lowing  similar  cycles  afTecting  their  pt  ey,  but  that  the  peaks  and  valleys  are  less 
accentuated  than  in  the  prey  cycles.  However,  a  definite  proof  of  such  cycles  is 
not  yet  at  hand.  Rattlesnakes  do  not  seem  to  be  subject  to  devastating  epidemics 
of  disease,  at  least  uone  has  been  bronchi  to  in\  aitciuion.  H(n\t  \er,  it  is  true 
that  an  occasional  rattler  is  found,  showing,  by  its  wasted  condition,  that  it  is 
su£Eering  from  some  disease,  and,  since  other  snakes  in  the  same  area  are  not 
in  the  same  condition,  the  trouble  cannot  be  attributed  to  a  regional  food  shortage. 

Population  Trends 

As  has  been  discussed  under  control  (p.  1024).  the  persistent  ennut\  of  man  and 
his  domestic  animals  usually  results  in  a  sharp  decrease  in  rattlesnake  pojjula- 
tions  about  human  habitations.  This  has  been  a  common  observation  since  colo- 
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nial  times.  It  is  only  avIicic  there  is  sonic  inaccessible  refuge  that  can  serve  as  a 
reservoir — some  rocky  diH,  impenetrable  marsh,  or  dense  expanse  of  chaparral — 

that  rattlers  are  able  to  maintain  themselves  near  populous  places.  When  they 
fail,  a  decline  is  to  be  c\j)ectecl,  even  tliough  the  agi  icultiual  nctiviiies  ol  man 
may  serve  to  sustain  an  increased  food  supply  in  the  form  oL  a  larger  rodent 
population. 

This  is  not  true  of  all  snakes;  for  example,  the  Sonoran  gopher  snakes  {Pituophis 
catenifer  affinis)  and  the  red  racers  {Masticopkis  fiagellum  piceus)  have  increased 
many  fold  in  the  Imperial  Valley  of  California  since  the  advent  of  irrigation, 
as  can  be  easily  proved  by  comparison  of  their  numbers  within  and  beyond  the 
cultivated  area  (Klauber,  1939a,  p.  51).  But  the  indigenous  rattlesnakes,  the  west- 
ern diamond  (C.  ntrox)  and  the  C'oloiado  Desert  sidewinder  (C.  c.  latrrorrheus), 
have  been  unable  to  accommodate  themseKes  to  the  new  conditions — the  grape- 
fruit (proves,  and  lettuce  and  alfalfa  fields  that  seem  to  us  so  much  more  attractive 
tlian  the  barren  desert — and  are  almost  never  found  within  the  cultivated  area. 
Nor  is  this  due  to  lack  of  food,  for  various  rodents  fatten  and  multiply  on  the 
farmer's  crops. 

Many  of  my  correspondents  have  commented  upon  the  gradual  disappearance 
of  rattlesnakes  because  of  the  encroachments  of  agriculture,  cattle  and  sheep 

grazing,  the  clearing  of  forests,  and  other  human  activities.  These  statements  come 
from  all  sections  of  the  country,  and  relate  to  all  species  that  live  in  habitats 
serving  man's  purposes: 

Observations  over  2')  vears  lead  nic  to  Mievc  that  the  snake  population  is  gradually  dimin- 
ishing. This  is  only  to  be  expected  as  a  result  of  the  increasing  human  use  of  this  area. 
Frank  McCaslin,  U,  5.  Forest  Service^  North  Bloomfieid,  Calif. 

■o 

Twenty  years  ago  Ibrrc  wore  Imndrcds,  rvcn  thousands,  nf  rattlers  on  the  south  slope  of 
Red  Mountain  (acruvs  the  river  from  Rich  Bar,  Plumas  Cx)unty)  where  now  they  arc  very 
scarce.  /.  L.  Stinnett,  Feather  River  Fish  Hatekery,  Clio,  Calif. 

The  continuous  killing  of  the  snakes  and  the  cultivation  of  large  areas  for  wheat  have- 
driven  tiic  rattlesnakes  out  of  extensive  areas.  As  yoti  probahlv  know,  in  rvcrv  roimirv  in- 
habited by  rattlers  there  were  sections  where  none  apparently  existed.  Whether  this  was 
due  to  some  natural  enemy,  or  some  other  condition  generally  distasteful  to  the  snakes, 
is  not  known.  F.  F.  Wehmeyer,  V.  S.  Forest  Sendee,  Heppner,  Oreg, 

-o 

In  the  foothills  southeast  of  McMinnville  ratders  were  once  common,  but  they  have  now 
become  very  scarce.  ]ames  A,  Imlah,  McMinnville,  Oreg. 

Old-timers  claim  thai  there  has  been  a  marked  decrease  in  the  number  of  rattlers  in  the 
past  25  years  due  to  eradication  by  man.  W.  B.  Wheeler,  Cle  Elum,  Wash. 

■o 

In  places  along  the  Okanagan  (hat  arc  tliickly  settled,  the  rat tleM)ak<-  popiilai ion  is  being 
exlcrmiiialed  und  around  many  of  the  io\\n>>  a  rattlesnake  is  something  of  a  rarity.  C.  F. 
Keams,  British  Ct^umbia  Game  Department,  Nelson,  B.  C. 

Rattlesnakes  arc  tpiitc  scarce  now  due  to  the  prairie  being  plowed.  I  personally  killed  32 
rattlers  in  1921,  but  have  not  seen  one  for  two  years.  Fred  If.  towler,  Llysies,  Kaus. 

O- 

Rattlcrs  are  not  so  numerous  as  in  previous  years  before  the  sod  was  broken.  Lee  A.  Hunter, 
Sublette,  Kans. 
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Rattlesnakes  formerly  were  very  numerous,  but  disc  tillage  tools  have  greatly  reduced  their 
nuinben.  Claude  F.  Wright,  Hugpton,  Kans. 

<- 

Rattlesnakes  arc  not  to  be  found  around  here  now.  Only  once  in  a  great  while  do  you  find 
one,  although  SO  years  ago  they  were  quite  numerous.  Theodore  R.  Jones,  Wayne,  Nebr. 

The  major  purtion  of  the  county  is  tillable.  Snakes  of  all  ly|>es  have  been  driven  into  the 
territory  along  South  Blue  River,  15  miles  north  of  here.  Glen  F.  Felix,  Geneva,  Nebr. 

One  ratdesnake  was  found  on  a  porch  two  miles  from  I  \ndan.  However,  rattlers  in  this 
roimtv  are  indeed  vcrv  rare.  Tlicy  have  become  practitally  extinct  in  the  entire  eastern 
part  of  South  Dakota.  Carl  A.  Lehtnan,  Tyndall,  S.  Dak. 

o 

Rattlesnakes  disappeared  after  the  cultivation  of  the  soil.  There  were  many  here  50  years 
ago.  O.  A.  Nelson,  Ruby,  N.  Dak. 

Sonic  conespoiKleiits  merely  call  attention  to  the  ia(t  tluit  their  obseivations 
arc  confined  to  agriculttnal  land,  taking  it  lor  granted  the  reader  will  understand 
that  I  auk  is  aic  not  jMcvalcnt  in  such  situations: 

This  station  is  located  in  a  heavily  populated  agricultural  district  and  I  have  not  observed 
rattlers  within  several  miles  of  the  fish  hatchery.  Merrill  Brown,  Central  Valleys  Fish 
Hatchery,  Elk  Grove,  Calif.  ^ 

.Most  of  my  patrol  district  is  delta  land  [intensively  cultivated],  so  I  do  not  see  many  rattlers. 
H.  S.  Vary,  Came  Warden,  Sacramento,  Calif, 

o 

I  have  seen  only  one  rattlesnake  in  this  county — most  of  which  is  cultivated — ^in  a  year  and 
a  half.  H.  C.  Jackson,  Game  Warden,  Santa  Ana,  Calif. 

Raiik-bnakcs  have  been  rather  scarce  during  the  30  years  I  have  lived  here.  Ihe  natives 
daim  that  hogs  have  killed  them  out.  I  rather  think  chat  timber  workers  have  killed  them 
off  as  the  country  has  been  worked  over  within  the  last  50  years.  James  5.  ConnMy,  V.  S. 
Forest  Service,  Bardley,  Mo.  ^ 

Vfc  have  tlie  timber  rattlesnake  in  the  mountains  of  \°irginia.  It  is  my  impression  that  its 
population  lia*;  lessened  (hiring  the  past  ten  years  that  I  have"  l)fen  here.  Some  people  are 
inclined  to  think  it  increasing,  but  such  reports  come  from  summer  cam]>ers  whose  locale 
is  the  immediate  vidnity  of  the  small  mountain  rivers.  There  have  been  two  dry  summers 
in  a  row  and  I  attribute  the  sight  of  snakes  to  their  sediing  water.  Meredith  Leitch,  Staun- 
ton, Va. 

o 

The  wholesale  destruction  of  timber  in  this  section  of  the  country  is  probably  responsible 
for  the  scarcity  of  rattlesnakes.  Nty  work  carries  mc  throughout  the  state  and  there  are  vcrv 
few  places  outside  the  mountainous  sections  o(  the  state  where  anyone  has  seen  a  rattler  in 
a  lottg  time.  Glenn  Gentry,  State  Division  of  Game  and  Fish,  Paris,  Tenn. 

Some  pubh'shed  statcmcius,  emphasizing  the  same  downward  trend  in  jjopida- 
tion  that  my  coi  rc  sj)ondcnts  liavc  mentioned,  have  been  the  following:  lie\  crly 
(1705,  p.  G3),  Rartiam  (1711.  p.  358),  Kalm  (1752-53.  p.  312;  1758,  p.  286),  Pen- 
nant (1787,  p.  88),  Merrill  (1817,  p.  17),  Hurler  (1893,  p.  258),  Beyer  (1900,  p.  29). 
Wiffen  (191S.  p.  950),  Brimley  (1917,  p.  182),  Babcock  (1925,  p.  8),  Ingles  (1929, 
p.  71).  Cook  (1943,  p.  52),  and  Loomis  (1948,  p.  122).  BuUock  (1827,  p.  xxviii) 
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went  so  far  as  to  state  that  rattlesnakes  were  bccoinintj;  as  great  a  curiosity  about 
the  towns  of  America  as  in  England;  and  Hartw  ig  (1873,  p.  298)  thought  that  rat- 
tlesnakes \vould  |)r()!)al)ly  be  extinct  within  a  century  or  two. 

There  ha\e  hven  a  ivw  dissents  from  the  general  opinion  that  rattlesnake  popu- 
lations arc  decreased  by  human  activities.  Behr  (1888,  p.  95)  thought  P.icilic 
rattlers  were  on  the  increase  in  some  sections  of  California  because  of  the  destnic* 
tion  of  their  natural  enemies.  Githens  (1935b,  p.  163)  ex^Dressed  the  opinion  that 
the  rattlesnake  population  was  expanded  by  the  eifects  of  agriculture  and  this 
may  be  true  of  the  western  diamonds  (C.  atrox)  in  some  parts  of  Texas. 

One  correspondent  calls  attention  to  an  increase  in  rattlesnakes  following  a 
reduction  in  control  measures: 

Rattlesnakes  are  much  on  tlic  incrt-asc  in  tfiis  ana.  Lvroming  nntl  Sullivan  foimtics  being 
the  section  I  patrol.  I  believe  ihe  reason  for  the  increase  is  ihe  absence  of  the  CCC  boys 
who  killed  a  great  many  while  working  in  the  woods;  also,  the  absence  of  forest  fires  during 
the  past  five  years.  For  the  last  10  years  I  averaged  about  8  killed  per  year.  I  base  my  state- 
ment lh:it  thcv  arc  on  (lie  increase  on  the  fad  tliat  I  kilh'd  'JO  so  far  tliis  vrar.  If  anything, 
ray  activities  have  been  more  limited  tliis  year  than  before.  C.  A.  Bideispachcr,  Slate  Fish 
Warden,  WUliamsport,  Pa. 

We  may  summarize  the  more  important  population-reducing  agencies  that  are 
incidental  to  agriculluie  and  oilur  luunan  activities  as  follows:  Kliminatioii  of 
refuges  and  cover,  such  as  rock  piles,  fallen  trees,  brush,  marshes,  and  lodeiu  holes; 
increase  in  domestic  animal  enemies,  particularly  dogs  and  hogs;  reduciiou  ni  icjod 
supply  by  rodent  control:  direct  destruction  by  agricultural  machinery,  especially 
the  disc  plow  and  mowing  machine;  and  the  installation  of  smooth-surfaced,  high- 
speed roads,  fatal  traps  for  almost  every  snake  crossing  when  the  traffic  is  heavy. 

PROrORTlON  OF  RATrLLSNAKES  IN  SnAKE  POPULATIONS 

In  many  areas,  rattlesnakes  are  the  commonest  of  snakes;  indeed  in  some  they 
nia\  ex( fed  all  other  kinds  tombincd.  IJnfoi  tunately,  accui  ate  j>opidation  statistics 
co\ering  snakes  of  all  kinds  arc  lacking  except  from  a  lew  areas,  and  even  from 
these,  the  results  can  only  be  approximations,  so  diflerent  are  species  of  snakes 
with  respect  to  size  and  conspicuousness.  Necessarily,  the  smaller  types  and  the 
fossorial  forms  are  seldom  fairly  represented  in  a  census. 

Uhler,  Ck>ttam,  and  Clarke  (1939,  p.  607)  collected  snakes  in  the  George  Wash- 
ington National  Foi  est  of  Virginia  for  the  pm-pose  of  studying  their  food  habits. 
1  imber  rattlesnakes  (C  h.  horridus)  were  the  most  numei  otis  of  all  snakes,  num- 
I)enng  out  of  885,  or  28.(i  per  cent.  1  b)ni  and  Fitch  (1912,  p.  100)  judged  the 
iioithitn  I'atific  rattlesnake  to  be  the  toinnioiicsi  snake  on  the  San  Joaiiiiiii  Kx- 
peiimental  Range;  in  fact,  l  itch  (19 19a,  p.  51;i)  believed  it  to  exceed  ail  other 
snakes  combined.  Fautin  (19  hi,  ]>.  293;,  in  the  northern  desert-shrub  association 

of  western  Utah,  found  rattlesnakes  (C.  v.  lutosus)  to  comprise  40.4  per  cent  of 
all  snakes  encountered:  in  the  shad-scale  and  tetradymia  communities  they  made 
up  78.9  per  cent. 

A.  M.  Jackley,  from  his  observations  in  South  Dakota,  belie\  ed  the  prairie  rat- 
tlesnakes (C.  V.  Tiridis)  to  be  the  commonest  snake  in  tliat  state.  In  laci.  the  great 
contciniaiions  of  piairie  rattlers  at  the  beginning  and  end  ol  the  di  iming  season 
has  led  to  a  general  belief  upon  the  part  of  observers,  no  doubt  justified,  that 
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they  are  more  numerous  in  most  of  the  lerritorv  iliev  inhabit  than  any  other 
snake.  Allen  (1871,  p.  69),  speaking  of  the  Little  Missouri  and  Yellowsione  rivers, 
and  Root  and  Connelley  (1901,  p.  251),  describing  conditions  along  the  South 
Platte,  expressed  the  opinion  that  the  rattlers  outnumbered  all  other  species  of 
snakes  combined. 

In  our  San  Diego  Ck>unty  snake  census,  involving  12,947  snakes  collected  or 
observed  during  the  years  1923-38,  inc  lusive,  the  zonal  proportions  of  rattlesnakes, 
expressed  as  percentages  of  all  the  snakes  from  each  zone,  were  found  to  be  as  set 
forth  in  table  8:1. 

tabu:  8:1 

San  Dieqo  County  IIattlesnakes:  Pkrcentages  of  Total  Snake  Population  in  Each  Zonb 


Zone 


Speciefl 

Coast 

Inlaod 
viilleyi 

Foothilb 

Moun- 
taina 

Daatrt 
footbiUi 

Dowrt 

Zono 
undeter- 
mined 

I'otal  as  a 
perrentajje 
of 

1  All  anmkw 

Colorado  Dfscrt  side- 

winder (C.  c.  laUrv- 

.... 

3.0 

20.9 

1.2 

Red  diamond  (C.  r. 

ruber)  

6  6 

10.6 

8.3 

1.1 

9.1 

1.5 

4.1 

7.8 

Sout  hwcstorn  speckled 

(C.  m.  pyrrhus)  

1.5 

5.S 

4.6 

57 

0.5 

■  4 

2.5 

Southern  Padfie 

10.9 

11.1 

8.0 

17.1 

6.3 

30.0 

9.7 

Total  rattlesnakes  

17.5 

23.2 

22.1 

22.8 

21.1 

22.9 

35.5 

21.2 

■  LcM  than  0.1  per  cent. 


It  will  be  observed  that,  although  the  relative  pioportion  of  the  several  species 
varies  from  zone  to  zone,  the  total  proportion  of  rattlers  remains  about  20  per 
cent  of  the  entire  snake  population. 

Dnc  of  the  most  fruitful  methods — and  probably  the  most  accurate  one — of 

diet  king  composite  snake  populations  in  tlie  desert  is  to  drive  on  paved  roads 
and  (ouni  the  snakes  found  thereon,  whether  alive  or  dead.  Even  small,  nocturnal 
forms  like  the  (iescrt  leaf-nosed  snake  (F/i\llo)li\u(  litis  dcnntntus  per  kin. si)  or 
the  fossf)rial  desert  worm  snake  {Lejjtotyphlojjs  hiimtlis  cahuiLae)  will  be  found 
in  appi opi  iate  numbers.  However,  the  trips  must  be  repeated  at  all  seasons,  and 
both  day  and  night,  if  representative  data  are  to  be  obtained.  With  several  asso- 
ciates and  collaborators,  I  have  made  such  investigations  in  two  areas.  The  first 
was  on  the  edge  of  the  Colorado  Desert  in  tlic  Borrego  section  of  western  San 
Dicgf)  County.  Out  of  827  snakes  of  all  kinds,  tlie  Clolorado  Desert  sidewinder 
(C  r.  latcrorfpi'jis)  constituted  .5.9  per  cent,  the  iid  dianiond  (C.  r.  rrihfr)  1.9  per 
cent,  and  ilu:  southwestern  spcckUd  lalller  [C.  in.  pyrrJius)  0.2  jjer  cent,  or  a  total 
for  all  three  rattlers  ot  8.0  per  cent  ot  the  entire  snake  population. 

In  the  second  investigation,  in  the  western  Mojave  Desert  (the  Mojave-Palmdale- 
Adelanto-Kramer  area),  out  of  605  specimens,  the  Mojave  Desert  sidewinder  (C. 
c,  cerastes)  proved  to  be  the  most  plentiful  snake,  comprising  21.7  per  cent  of 
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the  total;  tlic  Mojave  raitlcr  (C.  s.  scutulatus)  made  up  12.9  per  cent,  bringing  the 

total  for  both  rattlers  to  31.6  per  cent.  This  proportion  is  jnobably  rcj^rcscntative 
of  those  sections  of  our  western  descits  wliere  the  small  genera  siuli  as  Lh<:  leaf- 
nosed  snakes  (Phylioy/iym  hits)  or  the  shovel-noses  (Cliionactis)  are  not  so  preva- 
lent as  they  are  in  the  warmer  and  lower-altitude  areas  farther  south. 

Composite  Populations 

There  are  extensive  areas  of  the  United  States  and  Mexico  in  which  two  or  more 
s|>ecies  of  rattlesnakes  occur  together.  Sometimes  they  occupy  the  same  ecological 

niche;  in  other  cases  a  careful  survey  will  reveal  slight  separations.  It  is  particu- 
larly profitable  to  study  the  conditions  aloni^  the  odo(s  of  the  ranges  of  two 
overlapping  sjicries,  for  heie  the  .slight  territorial  diilcrcnces  that  permit  one 
species  to  extend  its  range  beyond  that  of  another  may  be  clearly  manifest. 

In  some  cases,  two  species  may  be  competitors  for  food;  in  others,  differences 
in  siie  or  food  preferences  may  make  them  virtually  independent  of  each  other. 
For  example,  the  largest  and  one  of  the  smallest  of  rattlesnakes — the  eastern  dia- 
mondback  (C.  adamanteus)  and  the  southeastern  pigmy  rattler  (S.  m.  barbourt) — 
are  found  together  in  many  parts  of  Florida,  but  their  competition  for  food  cannot 
be  serious,  for  only  with  respect  to  mouse-sized  creatures  do  the  food  require- 
ments of  the  smallest  adamanteus  and  largest  barbouri  overlap.  On  the  other  hand, 
in  western  San  Diego  (louniy,  C^alifornia,  three  species  of  (juite  similar  .size  and 
food  habits — the  red  diamond  (C.  r.  ruber),  southern  Pacific  (C.  v.  hellrri),  and 
southwestern  speckled  rattlers  (C.  m.  pyrrhus) — are  found  togedier,  and  are  cer- 
tainly food  competitors. 

In  some  instances,  composite  populations  are  more  apparent  than  real.  Range 
maps  indicate  that  in  extreme  southeastern  Arizona — eastern  Pima,  Sanu  Cruz, 
and  Cochise  counties — no  less  than  1 1  species  and  subspecies  of  rattlers  are  to  be 
found:  the  Mojave  (C.  s.  scutulatus),  western  diamond  (C.  atrox),  prairie  {(7.  7'. 
viridis).  Ai  i/ona  black  {C. cerberus),  tiger  (C.  tigris),  banded  rock  (C.  /.  klauberi), 
northern  Iilacktail  ((-".  inolossus),  Sonoran  Desert  sidewinder  (C.  c.  cercobom- 
bus),  Ari/tjna  twin-spotted  (C.  p.  pricei),  Arizona  ridge-nosed  (C.  to.  willardi),  and 
western  massasauga  (6*.  c.  tergeminus).  But  it  is  doubtful  whether  more  than  5  or  6 
of  these  actually  occur  in  any  one  pla(£.  There  are  mountain  areas  where  molossus, 
klauberi,  pricei,  and  willardi  are  to  be  found  together;  prairies  inhabited  by 
scutulatus,  atrox,  viridis,  molossus,  and  tergeminus;  and  deserts  inhabited  by 
scutulatus,  atrox,  tigri's,  molossus,  and  cercobombus.  But  even  where  the  snakes 
live  so  neai  each  other  that  their  trails  must  often  cross  in  their  wanderings,  it  is 
probable  that  their  ecological  preferences  insure  a  consideral)Ie  degree  of  sepa- 
ration. For  example,  of  the  .5  desert  forms  last  mentioned,  tifrris  and  jiiolnssus 
prefer  rocks,  whereas  the  others  favor  sand.  Similarly,  in  western  .San  Diego 

County,  pyrrhus  prefers  rocks,  ru6er  rocks  and  cacti,  while  helleri  is  more  catholic, 
being  equally  at  home  in  these,  as  well  as  in  chaparral  or  grass.  From  these  remarks 
no  one  should  presume  that  these  snakes  avoid,  as  if  contaminated,  the  kinds  of 

surroundings  I  have  stated  they  do  not  prefer;  on  the  contrary,  they  are  found 
in  such  places  with  moderate  frequency.  But  when  the  kinds  of  cover  they  prefer 

arc  completely  absent,  then  one  is  likely  to  discover  that  the  snake  favoring  that 
niche  has  also  disappeared  or  has  become  quite  rare.  Thus,  in  western  San  Diego 
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County,  in  the  coastal  and  inland  valley  belts,  granite  outcrops  are  scarce  or  absent, 
and  so  also  arc  the  speckled  rattlers  (fyynhus).  Similarly,  in  tlic  desert,  although 
sidetvindcrs  are  not  inlrcc}iicntly  found  in  rocky  situations,  tluy  tend  to  disap- 
pear where  the  sandy  washes  threading  through  the  tumbled  boulders  have  nar- 
rowed to  mere  streaks. 

Of  course,  problems  of  occupancy  and  population  density  are  often  not  to  be 
settled  entirely  as  indicated  by  ecological  preferences.  For  example,  the  Chiricahua 
and  Huachuca  mountains  of  southeastern  Arizona  are  quite  similar  in  character 
and  cover.  Both  are  inhabited  by  the  little  mountain  species,  the  Arizona  twin- 
spotted  rattler  {pricei)  and  the  banded  rock  rattler  {klauheri).  But  the  former  is 
much  the  more  numerous  in  the  Chiricahuas,  whereas  this  condition  is  reversed 


TABLE  8:2 

Distribution  ok  a  Collection  of  Rattlesnakes  in  Central  Arizona 


Subapaeto 

Station 

Ramsgttte 

Skull 
Valley 

Kirkiand 

HUl^ido 

Date 
Creek 

Congress 
Junction 

TotftI 

Western  diamond  (C.  atrox) .... 

23 

72 

108 

15 

218 

Mojave  (C.  s.  scutulatus)  

19 

10 

15 

37 

66 

147 

Arizona  black  (C.  v.  cerberus) . . 

2 

3 

5 

17 

27 

Blaektail  (C,  m.  mobwnw)  

5 

12 

2 

19 

•  • 

1 

11 

2 

14 

Total  

2 

22 

38 

110 

168 

85 

425 

in  the  Huachucas.  The  reason  for  this  difference  is  not  yet  apparent.  For  another 
example:  in  Arizona,  the  Mojave  rattlesnake  (C.  s.  scutulatus)  and  the  western 
diamond  (C.  atrox)  are  codenizens  of  the  entire  area  that  cither  orrupics,  which 
constitutes  more  tlian  half  the  stale — the  section  lying  southwest  ot  the  line 
Clifton-I'rcstott-Peach  .Springs.  Rut  in  C^alifornia  their  resjx'ctive  areas  are  sepa- 
rate, scutulatus  occuying  the  Mojave  and  atrox  the  Colorado  Desert.  Judging  by 
the  ecology  of  the  Armma  territories  where  they  live  together,  one  would  have 
expected  either  species  to  thrive  in  either  California  desert. 

I  have  already  mentioned  the  difficulty  of  determining  population  densities. 
Relative  densities  are  equally  subject  to  error,  as  the  several  species  are  not  e(]ually 
secretive  or  conspicuous,  and  any  figures  are  necessarily  dependent  on  the  col- 
lecting technique.  The  lollowing  statistics  mav  serve  to  give  at  least  an  indiration 
of  relati\e  ])opuIations,  based  on  collections  made  in  areas  inhabited  by  more 
than  one  species. 

From  1926  to  1932,  inclusive,  section  crews  along  the  branch  line  of  the  Santa 
Fe  Railway  between  Ash  Fork  and  Phoenix,  Arizona,  collected  and  sent  many 
live  rattlesnakes  to  the  San  Diego  Zoo.  In  the  arid  mountain  stretch  between 
Ramsgate  and  Congress  Junction,  a  distance  of  50  miles,  5  rattlesnake  species 

occur.  The  distribution  by  stations  and  spedes  is  shown  in  talkie  8:2. 

It  will  be  observed  that  the  only  complete  overlap  is  at  Hillside,  for  cerberus 
is  rare  or  absent  below  this  point,  and  molossus  and  pyrrhus  above.  The  latter 
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pair  arc  rock-dwellers,  whereas  atrox  and  scutulains,  which  prefer  sandy  washes 
and  mesquitc  thickets,  are  increasingly  prevalent  toward  the  point  where  the 
railroad  comes  out  onto  the  desert  jjlain  at  Ojngiess  Junction. 

The  following  statement,  which  discusses  a  similar  territory  some  <>()  miles  to 
the  east,  shows  the  variations  in  composite  populations  that  may  be  observed 
within  a  mile: 

For  ten  years.  1918-27,  1  lived  on  a  iioiiicslcad  one  mile  south  of  Monte/uina  Castle,  Aii/una, 
on  a  river  terrace  thiddy  covered  with  mesquite  growth.  As  a  boy,  I  didn't  know  the  dif- 
ference between  Crotaltu  atrox  and  Crotalus  scululatm,  and  called  (hem  all  atrox.  During 
tli;it  ten  \cars  I  saw  an  average  of  at  least  a  half  dozen  dianiondhac  ks  n  vcar  on  that  flat, 
and  never  saw  one  northern  blacktail  (Crotalus  m.  muh/ssus).  On  a  hillside  across  the  creek 
tram  the  flat,  during  that  period,  I  saw  one  blacktail.  But  from  19S7  to  1942  at  Montezuma 
Castle,  one  mile  to  the  north,  I  saw  al>out  as  many  rattlesnakes  a  year,  and  approximately 
half  of  these  were  the  l)l;u  kt.iils.  and  the  other  half  aliax,  sa%e  for  one  C.  s.  sr  itl iilnl 
Moreover,  1  saw  both  toninuni  species  in  identical  icriain.  Larl  Jackson,  Xatiunal  Park 
Service,  Las  Vegas,  Nev. 

In  tile  Moj;i\(  Palmdalc-Adclanto-Kramer  area  of  the  Mojavc  Desert  in  C^ali- 
fornia,  tlie  MojuNc  Dcseit  sidewiiuler  {C.  c.  cerastes)  and  Mojaxc  tattiei  (C.  .y. 
scutxilatus)  occupy  the  saute  territory.  A  record  of  specimens  cjbseived  both  day 
and  night,  and  whether  alive  or  dead  (run  over  on  the  road),  showed  131  side- 
winders to  78  Mojaves.  Similar  records  in  the  Borrego  area  of  eastern  San  Di^^ 
County  (the  Colorado  Desert)  showed  49  sidewinders^  16  red  diamonds,  and  2 
southwestern  speckled  rattlers.  However,  in  this  latter  case  the  species  inhabit 
diflferent  ecological  niches;  as  one  proceeds  eastward  toward  tlie  desert,  he  leaves 
the  red  diamond  and  speckled  rattier  territory  and  enters  that  of  the  sidewinder, 
in  this  case  C.  r.  laterorcpens. 

Chester  C.  Lamb  (ollec  icd  i  .itth  snakcs  in  the  vit  iintv  ol  La  Rivera  [=  Ribcrfa] 
in  the  Cape  region  ot  J'.aja  (i.ililornia  ami  seemed  1.1  San  l.utan  diamonds  (C.  r. 
lucasemis),  8  Lower  Calitoi  nia  rattlers  (C  e.  enyo),  and  3  San  Luc  an  speckled 
rattlers  (C.  m.  mitchellt}.  Capt.  Fred  Lewis  of  the  yadit  "Stranger,"  on  three 
separate  occasions,  had  the  natives  bring  in  rattlers  at  Cape  San  Lucas  and  ob- 
tained the  following:  288  specimens  of  lucansensis,  17  of  enyo,  and  62  of  mitchelli. 
Although  there  is  little  doubt  that  lucasensis  is  the  most  common  snake  in  this 
vicinity,  it  is  probable  that  Lewis's  method  of  collecting  tended  to  increase  the 
relative  numbers  of  this  large  and  conspicuously  colored  snake. 

The  San  Diego  Clounty  statistics,  previously  cited  to  show  the  rattlesnake  popu- 
lation as  a  percentage  of  the  snakes  of  all  kinds,  is  repeated  in  table  8:3  in  terms 
of  muTibers  of  rattlesnakes  to  indicate  zonal  cli->[i  ibutions. 

Certain  zonal  preferences  are  at  once  evident.  It  is  probable  that  the  lootliill 
area  has  a  really  composite  population  of  the  three  forms  ruber,  pyrrhus,  and 
helleri;  they  do  not  differ  greatly  in  size  or  in  the  character  of  surroundings  they 
prefer,  although  pyrrhus  and  ruber  favor  rocks,  and  ruber  cactus,  more  than  does 
helleri.  But  they  are  cei  taiidy  in  competition  for  food,  and  I  do  not  doubt  that 
if  two  were  eliminated,  the  one  remaining  would  soon  increase  in  numbers  to 
the  point  of  rejilacinjr  tlic  others. 

We  conclude  that  certain  composite  populations  of  rattlers  are  oiih  slightly 
competitive,  because  of  differences  in  si/e,  prey,  or  ecological  preferences,  while 
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others  arc  fully  competitive.  \'ei  1  know  of  no  cvidend-  of  ilu  ii  obstruciing  each 
other  in  any  way  or  ailenjpliiig  to  protect  their  feetlint;  territories.  With  resjiect 
to  denning  proclivities,  it  is  to  be  noted  that  most  composite  populations  arc 
found  in  territories  where  the  season  of  hibernation  is  so  short  that  individual 
refuges,  rather  than  extensive  dens,  are  the  rule;  or  they  occur  in  mountain  areas 
where  suitable  refuges  are  so  close  together  that  the  snakes  need  not  travel  far 
to  find  one.  Such  meager  evidence  as  is  at  hand  seems  to  indicate  that,  in  areas 
inhabited  by  two  or  more  species,  they  seek  separate  winter  refuges.  This,  if  it  he 
verified  by  future  observations,  would  indicate  a  greater  antipathy  between  rattler 

TABLE  8:3 

Zonal  Distribution  of  .\  Coixection  or  Ratti.esvakes  from  San  Dieoo  CofNTv,  Cai  iKORxrx 


Subspeem 

Zone 

Cowt 

laiud 

Foothilb 

Moun- 
taiiw 

Desert  ' 

footbilU  .  ^^i^* 

1 

Zone 
undeter- 
mined 

Totid 

Sidewinder  ((\  r. 

Inter •> re periK )  

Red  diamond  (C.  r. 

Sout  lnv('.<(crn  Speckled 

Southern  Pacific 
(C.  9.  kOUH)  

Total  

276 
2 
456 

... 
354 
51 
371 

... 
282 
199 
273 

5 

21 
78 

104 

28  123 

1 

S4   1  0 

52   ,  3 
j 

58  "  ... 

3 
1 

22 

151 
1018 

329 
1258 

734 

776 

754 

222         135    1  26 

2751 

species  than  there  is  between  raiilcis  and  harmlcbs  snakes,  for  tliat  the  latter 
often  hibernate  with  the  rattlesnakes  there  is  no  question  (sec  p.  598). 

However,  the  enmity  between  rattlesnake  species,  to  whatever  extent  it  exists, 
is  not  an  active  one.  I  was  told  by  A.  Pierce  Artran  that  a  southern  Pacific  and 
a  red  diamond  rattler  were  found  coiled  together  two  miles  east  of  Laguna  Beach, 
Orange  County.  California;  and  at  the  San  I")i<  /oo  a  male  southern  Pacific 
mated  with  a  female  red  diaiiiond  and  piotUuicl  li\l)rid  offspring.  Recently  a 
ruber  X  fii'Urri  hvbrid  was  found  in  the  wild.  Oilier  hybrids,  some  involvinsi;  svm- 
patric  species  that  mated  iu  the  ^^■ild,  whertas  others  resulted  from  nialiug  in 
captivity,  have  been  mentioned  elsewhere  ^p.  23'J).  Captive  rattlesnakes  of  dif- 
ferent species,  whether  of  the  same  or  opposite  sexes,  when  caged  together  at 
the  Zoo  have  never  shown  the  slightest  animosity  toward  each  other.  They  dwell 
together  in  peace,  although  they  may  accidentally  strike  each  other  in  the  excite- 
ment of  being  offered  food. 

Arizona  has  the  greatest  mimbcr  of  rattlesnake  subspecies  (17)  within  the  con- 
fmes  of  a  siu^le  state.  It  aho  has  the  greatest  niunher  present  at  a  single  point. 
Charles  M.  Ho^eii,  in  June,  1917,  (olktted  adox.  ftiolossus,  tii^ris.  and  j>yrrlius 
at  Humbug  Cold  .Mine,  6  miles  northwest  of  Castle  Hot  Spi  ings,  Va\apai  County, 
in  one  day.  It  is  probable  that  cerberus  and  scutulalus  arc  also  to  be  found  in  the 
immediate  vicinity,  for  both  have  been  collected  amid  similar  surroundings  only 
a  few  miles  away. 
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Areas  having;  several  difTcient  kinds  of  rattlers  are  usually  characterized  by  a 
rough  terrain  and  a  complex  \cgctation.  In  such  a  place  appropriate  microniches 
may  be  found  suitable  to  sj)cties  nonnally  {)retcning  slightly  different  habitats; 
different  microclimates  may  be  at  hand,  with  adequate  sites  for  basking;  and 
finally  the  diverse  ecological  conditions  may  produce  a  diverse  food  supply. 

HIBERNATING  DENS  AND  THEIR  USES 

One  of  the  most  interesting  features  of  rattlesnake  life  is  their  practice  of  as- 
sembling at  particular  points — dens,  they  are  called — for  their  winter  hiberna- 
tion. 1  his  custom  has  both  habitat  and  habit  asjK'cts;  1  have  elected  to  distuss  it 
under  the  former  classihcation.  Rattlesnakes  are  by  no  means  the  only  snakes 
that  gather  into  restricted  refuges  from  widespread  summer  ranges  for  the  pur- 
pose of  hibernation;  yet  the  great  numbers  involved  and  their  prominency  as 
they  lie  about  the  den  entrances  in  the  last  sunny  days  of  autumn  or  first  warm 
days  of  spring — which  I  have  termed  the  "lying-out"  periods — have  resulted  in 
a  marked  focus  of  attention  on  the  practice. 

These  denning  proclivities  arc  more  conspicuous  in  northern  areas,  or  at 
highei-  altiiutles,  for  here  fully  jirotective  lefugcs  are  more  necessary  and  jK)pu- 
lation  cone enti aiions  are  greater.  In  the  south,  where  a  shorter  season  of  hiber- 
nation prevails,  or  where  it  may  even  be  interrupted  by  occasional  warm  spells, 
the  snakes  take  advanuge  of  any  convenient  hole  or  rock  crevice.  In  these  more 
makeshift  situations  only  a  few  rattlers  may  gather  together  for  the  winter;  or 
they  may  even  seek  separate  shelters. 

Although  rattlesnake  Iiibernation  is  a  period  of  inactivity,  at  the  time  when  they 
are  gathering  for  hibcration  rattlesnakes  are  much  more  in  evidence  than  during 
their  season  of  a(ti\it\,  and  more  is  known  of  their  behavior  about  their  dens 
than  on  (heit  sunnner  ranges.  I  oi  this  reason  I  shall  discu.ss  denning  in  advance 
of  sunnner  activity.  Of  the  rattlers  that  do  use  regular  dens,  the  western  rattle- 
snakes (C.  viridis),  particularly  the  subspecies  dehned  as  the  prairie  rattlesnake 
(C.  V.  viridis)t  the  Great  Basin  rattlo-  (C.  v.  lutosus),  and  the  northern  Pacific 
rattler  (C.  v.  oreganus),  have  the  best-known  denning  habits,  and  the  observa- 
tions made  by  my  correspondents  mostly  refer  to  these  subspecies,  although  the 
timber  rattlesnake  (C.  h.  horridus)  is  also  mentioned  in  some  detail. 

Physical  Ciiaractfr  of  Dens 

In  a  discussion  fir>t  of  the  [)hysical  character  of  the  dens,  it  is  to  be  noted  that, 
where  rocky  formations  are  available,  the  snakes  seek  deep  caverns  or  crevices; 
but  in  the  plains  areas  they  are  forced  to  use  the  holes  of  mammals,  particularly 
those  of  the  gregarious  prairie  dogs. 

The  d^;ree  of  cold  reached  in  any  area  not  only  affects  the  duration  of  hiber- 
nation but  also  the  nature — the  depth,  particidarly — of  the  refuge.  Thus,  in 
mild  climates  a  snake  may  be  rendered  immobile  by  torp(Hr«  should  the  tempera- 
ture fall  to  ■10'' F.  (4.7"  C.)  or  thereabouts,  for  which  reason  it  must  have  a 
protective  retreat  while  in  this  defenseless  condition.  Hut  it  need  not  fear  death 
by  freezing  as  in  a  more  rigorous  climate,  where  the  refuge  must  be  below  the 
frost  line. 
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Prairie  RnttJcsnake  (C.  \'.  viridis). — The  charac  ici  isiics  which  a  den  must  have 
to  afTord  adc(|uatc  protection  to  the  hibernating  snakes  ol  this  subspecies  have 
been  outHned  by  A.  \f.  Jarkley,  who.  in  tlie  (f)urse  (^f  his  snake-control  work  in 
Souiii  Dakota,  located  many  dens  of  the  prairie  rattlesnake  (C.  v.  viridis)  and 
observed  the  habits  of  the  rattlers  in  using  them: 

* 

Fully  90  per  cent  of  ihc  maiurcr  rattlers  congregate  annually  in  groups  of  from  50  to 
wveral  hundred  to  hibernate  m  the  lame  den.  I  think  about  250  it  the  average  number 
iiiberoating  togetiier,  though  I  imow  of  several  times  this  number  using  some  dens.  The 
first  frost  starts  ihcni  toward  their  winter  refuge.  Slowlv  hut  surely  they  find  their  wav 
back.  The  old  snakes  seem  to  lead  the  way  and  the  young  ones,  that  is,  the  one-  and 
two-year-olds,  Collow  their  trails.  I  have  watdied  them  asmii^  to  their  dens  for  hom*. 
It  is  my  opinion  that  the  majority  of  the  young-of-the-year  do  not  go  to  the  dens,  except 

where  the  older  stiakt-;  hibernate  in  prairie-dog  towns.  I  tfiink  the>ie  little  ones  seek  ground 
holes  and  similar  places  of  refuge.  In  fact,  I  occasionally  find  that  e\cn  adult  stragglers 
survive  the  winter  in  small  burrows,  such  as  are  dug  hy  the  striped  gopher. 

There  are  two  requirements  enential  fbr  a  den.  depth  and  dryness.  Snakes  hibernate 
only  in  places  that  are  not  subject  to  nf>ods,  and  in  dens  pcnetrntinc;  to  a  depth  below 
the  frost  line.  They  must  find  such  holes  or  cavities  as  nature  provides.  Prairie  dogs  and 
badgers  are  the  only  burrowing  animals  that  dig  deep  enough  holes;  con.scqucntIy  on 
the  open  prairie  many  groups  hibernate  in  dog  towns.  In  more  irregular  or  lodty  areas, 
the  best  accointuodations  are  offered  hy  slides  on  strep  hlufrs,  cracked-open  banks  along 
d((  ])  gullies,  sinkholes  or  washouts  that  have  ceased  to  conduct  water,  crevices  in  rock 
ledges,  caves,  or  porous  scoria  deposits. 

It  is  conservative  to  say  that  90  per  cent  of  the  dens  are  protected  from  the  north  wind, 
that  is  to  say,  they  arc  on  the  sf)uthern  slopes  of  the  bluffs.  Even  in  prairie-dog  towns,  the 
holes  are  selected  that  are  especially  favored  by  the  warm  sun.  Most  of  the  large  colonics 
occupy  dens  in  the  rough  areas  and  near  the  tops  of  high  ridges  or  buttes  [fig.  8:2j. 

Where  the  soil  is  light  and  subject  to  drift,  dens  are  likdy  to  be  more  or  less  tempo- 
rary, for  rattlers  do  not  keep  the  galleries  cleared  as  would  the  original  prairie-dog  occu- 
pants. Prairie-dog  holes  extend  for  50  feet  or  more,  and  go  down  to  a  depth  of  10  to  12 
feet.  The  holes  at  a  den  arc  rounded  out  and  worn  slick  by  frequent  entry,  and  any  one 
with  experience  will  readily  recognize  a  den. 

When  prairie  dogs  abandon  a  town  to  rattlers,  the  burrow-;  gradually  fill  up.  Eventually 
they  must  be  abandoned  for  new  localities.  Rattlers  normally  select  the  burrows  that  are 
at  slight  elevations,  on  southern  slopes  and  well  protected  from  Rood  waters.  They  usually 
take  over  a  small  section  of  a  dog  town  and  occupy  the  same  holes  as  long  as  they  are 
tenable.  Then  tliey  lake  posscssioii  of  Other  burrows  and  force  the  dogs  to  withdraw  and 
dig  new  holes,  and  so  on. 

C.  B.  Perkins  has  thus  described  certain  dens  where  a  large  collection  of  prairie 
rattlesnakes  were  secured: 

During  the  summer  we  had  spotted  three  prairie-dog  towiis»  two  of  large  size,  and  hoped 

to  be  lucky  enough  to  be  there  for  "home-coming  week."  These  dog  towns  are  located 
about  10  miles  due  east  of  Flatleville,  Colorado,  near  Milton  Reservoir,  in  what  are  called 
the  Sand  Hills,  about  50  miles  northeast  of  Denver.  Low  growths  of  sage  brush  are  plenti- 
ful and  so  is  buffalo  grass:  there  are  yuccas,  tumbleweed,  prickly  pear,  and  some  member 
of  the  pigweed  family  which  grows  to  a  ball  about  a  foot  in  diameter,  and  in  November 
turns  a  glorioiis  ])ur|)lc-rcd.  Town  No.  I  in  which  we  got  ihc  most  rattlers,  is  in  a  cattle- 
grazing  area.  \Vc  saw  no  cattle  in  tlic  town  itself,  although  there  were  occasional  drop- 
pings, and  very  little  vegetation  and  no  sage  brush.  Town  No.  1  covers  about  120  acres; 
No.  2.  20  acres;  and  No.  S,  SOO  acres,  alihuugh  it  pro\ed  the  pof)rest  town.  Town  No.  S  is 
2  miles  south  of  town  No.  1.  and  town  No.  2  about  1  mile  south  of  town  No.  3. 
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'       The  following  are  some  additional  notes  from  my  correspondents  on  prairie- 
rattler  dens: 

My  experience  has  been  that  prairie  rattlesnakes  make  for  some  high  rocky  hill  late  in 
the  fall,  where  instinct  or  memory  tells  them  there  ii  a  luiuUe  place  to  hole  up,  prefer^ 
ably  whei«  the  rodcs  are  loose  and  theve  are  many  crevices  to  crawl  into.  Such  a  den  is 
iisiKillv  rii;ht  on  top  of  a  higli  hill  or  mountain.  Just  how  deep  llicv  <;<i.  I  cannot  say. 
Sonic  years  ago,  a  gioup  of  men  tried  digging  out  a  den  in  this  locality  but  never  did 
get  down  to  where  the  snakes  had  holed  up  for  the  winter.  They  dug  down  for  six  or 
eight  feet,  but  the  rocks  became  too  solid  to  work  in  any  farther,  although  they  were 
still  full  of  crevices.  /.  Fred  Tomon,  Bowers,  Mont. 

o 

One  plaic  whcic  ihc  ralilcrs  hnd  conditions  suitable  for  denning  is  in  prairie-dog  towns. 
To  dig  deep  enough  to  winter,  the  prairie  dogs  must  have  fairly  stable  soD.  Their  holes 

would  cave  in  if  dug  in  the  sand.  They  find  a  few  flats  not  far  from  ilic  streams  where 
there  is  suffuieiit  dav  to  make  firm  soil;  at  least,  these  :iie  the  only  sites  where  their  towns 
tan  be  found,  and  every  town  is  a  potential  snake  den.  Cliarles  IV,  Slavely,  L'.  S.  forest 
Service,  Nenzel,  Nebr. 

The  rattlers  in  this  area  usually  select  dens  on  rocky  south  slopes,  especially  in  the  timber. 
In  the  open  country  they  select  old  abandoned  rodent  holes  or  burrows.  George  S.  Cor- 
such,  V,  S.  Form  Service,  WhetUkmd,  Wyo, 

The  rattlesnake  dens  here  usually  consist  of  cave  openings  in  limestone  cliffs.  These  caves 
are  on  dry  sunny  exposures  from  100  to  300  feet  above  the  valley  floors.  K.  J.  Helrnkk, 
U.  S.  Forest  Service,  Nemo,  S.  Dak, 

Published  descriptions  of  prairie-rattlesnake  dens  will  be  found  in  David  (1937, 
p.  265),  Gloyd  (1946,  p.  87),  Anderson  (1947,  p.  1),  Murphree  (1948,  p.  17),  and 
Sweet  (1954,  p.  54). 

Great  Basin  Rattlesnake  (C.  v.  lutosus). — Dens  frequented  by  the  Great  Basin 
rattlers  are  much  the  same  as  those  of  the  prairie  rattlers,  except  that,  because 
of  the  usual  availability  of  rockslides,  they  have  to  seek  mammal  holes  less  fre- 
quently than  do  the  prairie  rattlers. 

One  good-sized  den  is  located  on  the  desert  lands  at  the  northwest  comer  of  Great  Salt 

I.nke  near  I  fxomotive  Sprinj3;s.  The  fnrmntinn  here  is  of  a  volcanic  nature  and  there  are 
several  other  dens  in  a  number  of  places  round  about.  Lee  Kay,  Utah  Fish  and  Game  Com- 
mission, Salt  Lake  City,  Utah. 

E.  R.  Hall  (1929,  p.  79)  has  tlcsciibccl  a  Ititosiis  den  in  eastern  \e\a(la: 

The  den  is  a  hole  about  10  feet  deep  and  approximately  15  feet  in  diameter  at  the  north 
end  of  a  red  butte  which  stands  out  as  the  only  irregularity  visible  for  several  miles  on 
the  otherwise  level,  non-rocky  valley  floor. . . .  This  butte.  about  50  feet  high,  one-fourth 
of  a  mile  long  and  one-sixlh  of  a  mile  wide,  is  eomixiscd  of  MtUanie  houlcleis.  The  inter- 
stices of  this  volcanic  intrusion  now  are  mostly  hlled  with  wind-blown  soil.  However, 
crevices  of  undetermined  extent  can  be  found,  and  it  probably  %vaa  one  or  teveral  of  theae 
which  the  rattlesnakes  used  as  a  den.  [The  den  was  visited  by  Hall  after  the  rattlers  had 
emerged  and  were  lying  about  under  rocks  and  bushes.] 

Woodbury  (1951,  p.  4)  thus  describe  the  places  used  as  dens  by  the  Great 
Basin  rattlesnake  (C.  v.  lutosus)  and  by  the  midget  faded  rattlesnake  (C.  v. 
decolor): 

Experience  in  hunting  snake  dens  in  Utah  and  western  Colorado  iii<lit;ites  ilial  snakes 
do  not  make  their  own  hilK-rnating  burrows  but  depend  ujxin  linding  suiublc  places.  They 
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have  been  obsened  in  loose  cobblestone  lotks,  in  gra\cl  bank:>,  in  lava  Ix  ils,  in  drv  spring 
diaimels,  in  rock  orevlcfs  and  in  artificial  hibernating  placet  such  as  garbage  dutnps,  rock 
walla  and  open  house  foundations  [Probably  some  of  these  typn  d.  refuge  refer  to  those 
uied  by  snakes  other  than  rattlesnakes.] 

Woodbury  and  Hansen  (1950,  p.  66)  tested  the  rock  fissures  at  a  C.  v.  lutosm 
den  and  found,  by  probing  with  a  wire,  that  some  of  the  cracks  penetrated  at 
least  15  feet. 

Northern  Pacific  Rattlesnake  {C.  v.  oreganus). — Paul  J.  Martin  sent  me  the  fol- 
lowing account  of  dens  in  rocky  territory  near  Pateros,  Okanogan  County,  Wash- 
ington, where  he  collected  a  large  series  of  northern  Pacific  rattlesnakes: 

Some  years  back  I  made  llic  ac(|uaintan(c  of  tin-  nwnci  of  an  ouli.ud  tract  in  the  vicinity 
of  Pateros.  I  learned  thai  he  liati  two  f>i  ilircc  ratUiMiako  tlvw^  on  his  premises.  His 
orchard  land  is  located  on  what  appears  to  lie  an  old  river  Hat,  and  rising  up  from  ihis 
flat  is  a  low  range  of  mountainous  country,  extremely  steep  and  varying  from  slide-rock 
to  huge  boulders  of  hundreds  of  tons.  Great  crevices  and  faidts  occur  in  this  steep  hil!si«le, 
and  it  is  here  that  we  found  the  dens.  Thev  were  Uitated  peiliaps  ;U)()  to  '00  fret  up  fioin 
the  riverbed,  the  snakes  in  hibernating  apparently  seeking  the  most  arid  locations.  Alto- 
gether, over  an  area  of  perhaps  10  acres  of  this  hillside,  we  found  7  or  8  dens;  and  each 
year  over  a  period  of  two  \s.rcks  ihoy  yielded  on  the  average  about  3,')0  to  400  rattlers. 
These  were  by  no  means  tlie  oidy  dens  in  this  immediate  section  of  the  country.  Within 
a  radius  of  5  to  7  miles  there  were  at  least  15  dens.  Naturally,  in  view  of  the  fact  that  wc 
have  now  hunted  Cor  years  on  this  property,  the  snakes  are  not  so  numerous  as  a  few  years 
ago.  However,  I  should  say  that  there  are  plenty  still  to  be  had,  and  no  trouble  should  l)e 
expcrifnccd  in  capturini*  .SOO  or  400  over  a  short  pniod  tlurinj,'  a  spring  season. 

la  my  travels  througli  the  Northwest,  1  have  found  no  other  place  where  the  rattle- 
snakes and  their  dens  are  in  evidence  in  such  numben.  This  country  is  rather  remote 
from  civilization;  and  further,  in  view  of  the  fact  that  there  are  no  through  paved  high- 
ways and  less  traffic  than  in  the  average  section,  I  should  say  that  these  conditions  account 
in  part  for  the  great  numben  of  snakes.  Wild  life  i»  alwa)s  forced  back  by  population  and 

cultivation,  and  I  assume  that  reptilian  life  would  be  no  exception. 

Of  the  dens  I  have  visited,  I  have  never  found  one  in  a  location  other  ili;m  on  a  south 
slope,  the  reason  for  this  being  obvious.  In  my  experience  the  snakes'  emergence  fiom 
hibernation  in  the  spring  is  regulated  according  to  the  season.  Sometimes  this  country  gets 
a  heavy  snowfall  and  hard  winters:  other  years  there  is  scarcely  any  winter  at  all,  which 
naturally  is  followed  by  an  early  spring. 

A.  C.  Mackie  thus  describes  the  dens  which  he  has  often  raided  in  the  vicinity 
of  Vernon,  British  Columbia,  dens  that  are  also  in  rocky  territories: 

Generally  speaking  makes  prefer  to  den  up  as  near  to  the  summit  as  possible,  for  such 
positions  are  more  exposed  to  the  stm  and  allow  the  nrrupants  to  spread  to  ail  points  of 
the  compass  for  the  summer.  Where,  however,  the  summit  roiks  are  not  pervious  they 
are  forced  to  choose  Isolated  outcroppings,  well  supplied  with  fissures,  at  lower  elevations. 
The  dens  almost  invariably  have  a  southern  aspect  and  must  be  deep,  dry,  and  free  from 
risk  of  seepage.  Mow  deep  is  hard  to  say.  but  the  blasting  of  one  den  disclosed  no  signs  of 
the  dormitory  proper,  nor  were  any  snakes  subsequently  foimd  to  have  Ix-en  injuied  by 
the  blast;  probably  8  to  10  feet  would  be  a  fair  average  depth.  The  dens  generally  occupy 

an  exposed  position  but  the  subsecpient  growth  of  I)rush.  iices  etc.,  may  appear  to  con 
tradict  this.  In  one  case  at  least,  the  original  den,  situated  at  the  base  of  a  granite  clilT, 
has  been  overlain  by  a  slide  of  small  stones  from  a  nearby  rock-chimney,  so  that  no  one 
would  suspect  its  existence.  The  snakes  are  forced  to  descend  an  8-foot  overlay  of  broken 
rock  before  renrhing  tlic  oriirinal  opening  to  their  den. 

They  occasionally  hibernate  in  a  rockslide,  if  the  neighboring  rocks  arc  devoid  of  crevices. 
Such  a  condition  exists  on  the  west  ride  of  Vaseau  Lake  in  the  south  Okanagan  Valley 
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where  ttu-  neis^lihoiing  clifT  is  impcnious  and  a  narrow  cleft  is  (hokril  wilh  ijouldcis, 
some  of  which  weigh  several  tons  and  give  adequate  depth  and  shelter.  The  slide  faces 
north,  as  does  another  isolated  den  on  a  bluff  to  the  west.  Such  an  aspect  is  due  to  the  fact 
that  the  exposed  rocks  all  face  north.  Snakes  must  therefore  choose  dens  alien  to  their 
preference  and  in  consequence  emerge  rather  later  than  their  confreres  at  the  north  end 
of  the  valley.  A  favorite  den-site  is  at  or  near  the  head  of  a  rockslidc.  This  is  hccause  the 
rock  is  obviously  soft  and  pervious;  in  such  cases  the  snakes  have  probably  receded  ferther 
and  farther  into  the  rock  as  portions  have  become  detached  from  its  face. 

During  the  years  1930 -  vl  I  ((infined  mv  ;Hti\itic'^  to  the  liill  nhoiit  one  mile  dne  south 
of  our  school,  on  the  south  face  uf  which  were  two  ilens  from  whicti  snakes  had  l>een  killed 
for  several  years  previously.  The  approadi  to  this  hill  is  a  steadily  rising  slope  covered  with 
bunch  grass,  but  the  southern  face  is  everywhere  steep  and  in  some  sections  precipitous. 
The  vegetation  is  sparse.  Conifers  are  fairly  well  distributed.  This  niilc-long  face  has  at 
least  five  dens. 

The  diance  discovery  of  a  den  on  this  hill  in  19S4  diverted  my  energies  more  and  more 

to  this  area,  and  rcsidted  in  the  finding  of  ahout  a  dozen  dens  and  ns  many  lodges.  These 
latter  differ  from  dens  in  the  lesser  numliers  of  their  occupants  and  may  result  from  a 
few  snakes  being  overtaken  by  cold  weather  before  they  can  reach  their  winter-quarters, 
or  to  overcrowding  in  a  den  and  the  consequent  necessity  of  founding  a  new  colony. 

Other  notes  on  iioi  tlici  ii  Pa(  ifu:  raillesnakc  tlciis  arc  as  follows: 

I  have  found  many  rattlesnake  dens  and  have  dug  out  several.  They  are  in  rockslides  and 
shale  rock,  on  die  south  exposures  of  the  canyons.  Jesse  L.  Htaris,  Government  Hunter, 
Pilot  Rock,  Oreg. 

■o 

What  few  rattler  dens  I  have  found  have  been  bdow  rode  Uuifs  where  the  loose  rode 
aliords  protection.  We  have  found  the  largest  dens  in  among  the  blu&  where  they  are 
able  to  get  into  crevices.  L.  J.  Cooper,  U.  S.  Forest  Service,  Merlin,  Oreg. 

-o 

Near  Pleasant  Valley,  in  the  northern  part  of  Yosemite  Park,  there  is  a  den  of  rattlesnakes. 
Here  there  is  a  mountain  with  much  exfoliated  granite,  and  beneath  these  exfoliations 

the  snakes  winter  in  numhers.  I  walked  up  that  way  one  morning  and  saw  many  snakes  out 
on  the  little  ledges  and  watched  them  go  hack  in  as  I  came  hy,  and  heard  them  rattling 
underneath  as  I  walked  over  the  dens.  Albert  C.  Ilawbecker,  Madera,  Calif. 

Fitch  and  Glading  (1947,  pp.  106,  121)  and  Fitch  (1949a,  p.  544)  have  shown 
that  the  northern  Pacific  rattlesnakes  (C.  v.  oreganus)  in  the  milder  rliniate  at 
the  San  Joacjuin  Experimental  Range  in  Madera  County,  Calitornia,  take  refuge 
singly  or  in  small  groups  under  boulders  and  in  mammal  burrovv.s,  rather  than 
in  large  aggregations,  as  in  the  more  rigorous  climate  to  the  north  or  at  higher 
elevations.  However,  W.  £.  Howard  has  lately  cited  evidence  indicating  the  pres- 
ence of  several  real  dens  in  the  vicinity  of  the  Range. 

Timber  Rattlesnake  (C.  h.  hoiridus). — A  rattlesnake,  other  than  C.  viridis  and 
its  subspecies,  required  by  a  severe  winter  climate  to  seek  well-protected  places 
for  hibernation  sites,  is  the  timber  rattlesnake.  It  usually  selects  a  rocky  den  with 
a  south  exposure  (Netting,  1932,  p.  13;  McCauley,  1945,  p.  137;  Anderson, 

1951.  p.  7). 

Stephen  H.  Hai  wig  of  Pittsburgh  has  had  much  experience  resulting  from  an 
intensive  study  of  horridus  and  its  denning  habits  in  western  Pennsylvania.  He 
has  this  to  say  about  the  tharaclcr  of  the  dens  in  that  area: 

In  a  1,000-foot  ledi;e.  there  may  be  two  or  three  main  snake  areas,  at  one  or  hoth  ends 
and  in  the  middle.  Sueh  areas  usually  entail  one  or  more  large  stone  slabs,  from  'i  to  10 
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feci  in  (iiaiiictcr,  and  6  to  20  inches  thick,  which  may  l)C  thought  of  as  "key"  rocks  or 
"den"  rocks.  The  slabs,  for  the  best  conditions,  must  be  in  a  dry.  sunny  location,  mmt  have 

1  to  3  inches  of  clearantc  hdow,  and  with  huckleberry  bushes  growing  along  one  <>i  hk  ic 
side-;,  1  hf  stinkr<;  sun  theiiischt-s  in  ruodrriitc  ueathfi  liv  Iviiijr  niir!i-r  ihc  parti;il  shack:  of 
tlic  bushes,  usually  within  a  foot  or  so  of  sanctuary  under  iiie  loik.  1  he  actual  winter 
refuges  may  l)e  vertical  fissures  under  a  den  rock,  or  the  vertical  fissures  that  comprise  the 
entrances  to  tlie  irue  dens  may  be  distant  as  much  as  40  feet  from  ihr  den  rock.  'I  li<  den 
rock  alfonis  (|uickly  accessible  refui^es  durin<;  the  season  when  the  snakes  are  takinj^  ad- 
vantage of  the  last  warm  days  of  iaii  or  tlie  fnsi  uf  spring;  bitl  it  provides  safety  troni 
enemies,  not  cold,  from  which  the  snakes  must  seek  the  protection  of  the  deep  vertical 

fissures  tlial  are  the  enltances  to  (lieir  winter-Iong  hiding  places. 

A  long  ledge  may  ha\e  from  1  to  5  den  icicks,  widely  separated,  \et  I  should  tall  the  whole 
ledge  one  den.  The  preferred  ledges  face  southwest,  but  many  (ace  southeast,  south,  or 
west.  Some  dens  are  composed  of  sliderocks  rather  than  ledges;  they  lie  nearer  the  streams. 
on  the  siojjes  of  the  hills  below  the  ledges.  !  hrv  ^eiicrallv  consist  of  jumbled  piles  of 
relatively  small  rocks,  say  1  to  2  feet  in  diameter,  but  there  will  usually  be  2  or  3  key 
rocks,  3  to  10  feet  in  diameter  nearby. 

Dens  of  C.  h,  horridus  in  western  Pennsylvania  are  all  dilFerent,  yet  the  same  in  many 
\\a\s.  One  Ivpc  is  sandstone,  with  litde  or  no  conglomerate:  a  l)rokcn,  fissmcd  ledge,  in- 
\olving  a  10-  to  30  foot  drop  on  the  downhill  side,  and  with  the  upper  side  grading  into 
the  hilltop,  which  is  about  level  back  of  the  ledge,  ihc  ledge  may  l>e  li  to  50  feet  in  width, 
usually  about  15  feet.  It  may  be  only  200  feet  long,  but  is  more  often  about  600  feet,  and 

ratch  a  mile  or  e\en  luoie.  Tlie  ral tlcsiiakcs  arc  found  on  ilie  level  top  of  tlie  ledge,  and 
on  the  adjoining  ground  1  to  10  feet  from  the  ledge  top,  and  on  jumbled  rock  slides  lK.-iuw 
the  ledge.  There  are  numerous  slab  rocks,  cleaved  slabs  of  sandstone,  either  entirely  sepa- 
rate from  the  underlying  ledge,  or  undercut  by  erosion  on  several  sides.  Snakes  are  found 
lieside  or  midci.  ami  raieh  on  lop  of  these  slabs,  whic  h  iiiav  vary  from  21  hv  ^0  inches  and 
3  inches  thick,  up  to  30  by  30  feet  and  18  inclies  thick.  A  good  ledge  usually  parallels  a 
stream,  but  is  not  near  the  stream;  rather,  it  is  high  on  a  ridge  dixiding  two  streams.  The 
ridge  may  be  from  200  to  3.000  feet  wide  at  the  top.  which  is  rarely  more  than  10  to  30 
feet  higher  than  the  ledge.  The  ledge-top  is  exposed  and  suniiv  in  some  ]>lac<'s.  but  in 
Others  shaded  by  trees  or  dense  shrubljcry.  1  he  shaded-over  places  are  no  good  for  snakes. 

Several  collectois  Iiavc  obscivcti  that  rattlers  may  be  found  denning  in  one 
rocky  plate,  l)iii  will  l)e  absent  in  another  nearby  that  has  the  same  superficial 

characteristics.  It  is  to  he  assiimcci  that  there  arc  difTcrcnccs  l)elo\\'  frroiinfl.  one 
havincT  atiet|iiaie  fissiiies  irec  lioiii  moisture  and  thalis.  ami  penetratiiii;  well 
below  the  frost  line,  whereas  the  otheis  aie  not  so  faxoietl.  liarwig  had  this  to 
say  about  the  cU  pth  ai  which  tattlers  hibernate  in  wesiciii  Pennsylvania: 

I  have  no  facts  on  depth  of  hibernation,  but  believe  the  refuges  go  down  through  3  to  20 
feet  of  porous  fragmented  rock  or  crevices,  to  where  the  fissures  merge  with  more  and  more 
earth.  The  earth  is  probably  sandy,  mixed  with  the  leaves  and  twig  dcljiis  of  several  years. 
The  snakes  slioidd  liiid  fiosl-free  pockets  onlv  3  to  H  feet  \silliiii  >iuli  sands,  leafv  crexices, 
at  a  total  depth  of  from  G  to  30  feet  below  the  surface,  if  the  initial  iissures  be  included. 
At  such  depths,  sealed  in  by  snow  and  ice,  the  snakes  should  remain  above  32°  F.  all 
winter.  But  still  I  think  there  must  occa.sionaIlv  ocim  a  severe  winter  kill,  especiallv 
among  rattlers  tliai  seek  indi\idiial  refu<.;es  iitidcr  slab  piles,  stiunps,  and  deserted  build- 
ings. Even  dens  may  deterioiaie,  or  ma)  in  some  \cars  be  inadetiuately  scaled  l)ccause  of 
some  quirk  in  the  weather,  with  fatal  results  U>  most  of  the  inmates. 

In  parts  of  New  Jersey.  Avhere  rockv  areas  aie  not  axaihihle,  horiidus  is  known 
to  take  refuse  in  spliagmmi-nioss  hogs,  a  fact  noted  as  early  as  1799  by  lieaii\(iis 
(p.  373;  also  Daudin,  1801-4,  vol.  a,  p.  298).  More  recent  descriptions  of  smh 
refuges  are  those  of  Scoville  (1929,  p.  56),  Burger  (1934,  p.  142),  and  Conniff, 


Copy riyt  ilea  iriaiciial 


Populations  and  Ecology  579 

(1918,  p.  19).  riic  snakes  are  said  to  go  into  moss  or  into  holes  in  sand  to  a  depth 
of  IVL*  to  2  Icct.  The  moss  niny  be  rut  and  rolled  back  like  a  rug,  uncovering  the 
rattlers  beneath.  Sometimes  tlity  are  partly  in  water. 

Miller  (1938,  p.  17)  has  repotted  that  the  massasaugas  (.S.  f.  catcnatus)  in  west- 
ern Pennsylvania  hibernate  in  natural  fissures,  animal  burrows,  under  heavy 
moss,  or  under  overturned  trees.  Many  other  reports  from  my  correspondents 
give  an  essentially  similar  pictiure  o(  the  physical  character  of  the  localities 
selected  as  dens  in  northern  areas  with  severe  winters — ^fissured  diSii  or  rockslides 
with  southern  exposures*  and  high  enotigh  on  the  slopes  to  be  well  drained;  and, 
where  rock  formations  are  not  available,  mammal  galleries,  moss,  or  plant  debris. 

Eastern  Diamondback  (C.  adamanteus). — ^In  more  southerly  areas,  with  winters 
less  severe,  aggregations  of  rattlesnakes  are  smaller;  and  individuals  may  seek 
seclusion  alone,  in  whatever  hiding  places  they  come  upon.  The  following  obser* 
vations  apply  to  the  eastern  diamondback  rattler,  to  whate\er  extent  this  species 
finds  it  necessary  to  seek  dens  in  the  relatively  mild  climate  to  which  it  is 
subjected: 

In  t!ic  rci^idii  lu  Iwccn  Tlu)inas\illr.  Ccortjia,  and  Tallalias'^c.  FIdiiila.  the  diamondbacks 
comiiiunly  Ucii  in  holes  beneath  the  bases  ot  wind-blown  uees,  holes  left  by  rotted  pine 
stumps,  or  in  hdes  dug  by  the  gopher  txMaiat.  Two  or  three  is  the  largest  number  I 
ever  heard  of  being  found  together.  Charles  O.  Handley,  Fish  and  Witdtife  Services  Blacks' 
burg,  Vo. 

Diamondbacks  prefer  rodcy  country  for  dens,  but  there  is  litde  of  this  in  Florida,  so  they 

use  land-tnrtoise  holes.  They  are  also  found  in  palmetto  thickets  under  logs.  Joseph  T. 
McCullough,  U.  5.  forest  Service,  Brooklyn,  Miss. 

o 

Rattlers  like  lo  bed  down  for  the  winter  in  old  logs  or  stumps.  I  liave  ue\er  found  more 
than  one  at  a  place.  /.  Lawton  Huggtm,  Game  Warden,  Mullins,  S.  C. 

Robert  E.  Gordon,  of  Atlanta,  C.c()ru,i;i,  wrote  that  odninanU  us  wintered  under 
stumps.  Professional  lumters  were  said  to  push  these  over  with  bulldo/eis,  and 
to  have  found  as  many  as  15  to  25  rattlers  under  a  single  stump.  Ariza  ^1918, 
p.  61)  says  that  a  harrican — the  big  hole  left  where  the  wind  has  blown  over  a 
tree — ^is  a  favorite  hibernation  site  for  diamondbacks.  Wilfred  T.  Neill  informed 
me  that  eastern  diamondbacks  congregate  to  some  extent  in  Florida.  Several  may 
seek  refuge  in  a  single  gopher-tortoise  hole,  with  others  in  nearby  holes  round 
about. 

Western  Diamondback  (C  atrox). — ^Dens  of  rattlesnakes  in  the  Southwest  are 
much  the  same  in  character  as  those  in  the  Northwest,  except  that  the  concen- 
tration of  snakes  is  usually  less.  The  following  statements  largely  refer  to  the 
western  diamond  rattlesnake  (C  atrox),  although  other  species  are  found  in  the 
same  areas,  and  probably  hibernate  in  similar  situations; 

I  found  one  den  located  on  the  south  side  of  a  mountain,  on  an  18  fixti  <lifT  of  solid 
roda,  up  and  down,  with  the  entrance  at  the  base.  1  judge  that  there  were  possil)ly  2U0 
rattlesnakes  at  this  den.  Of  course,  as  soon  as  the  shooting  started,  the  snakes  began  to 
make  for  the  den  in  the  rodcs.  After  some  fifteen  minutes  we  could  see  no  movements  of 

other  snakes.  \Vr  went  down  and  gathered  up  our  kill,  some  extra  large  ones  measuring 
5  to  614  feel,  with  up  lo  12  rattles.  We  had  killed  18.  Clyde  Burleson,  Byron,  Okla. 
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One  fall  in  the  early  30's,  some  road  construction  machinery  dug  up  raitksnakcs  about  10 
miles  east  of  Bishop,  Nuecet  County,  Texas.  Great  cracks  had  formed  in  the  heavy  black 

soil  (luring  a  dry  summer,  and  the  reptiles  had  apparcniiv  crawlctl  down  ink)  tlir  cracks 
for  winici  (lens.  One  sncli  assembly  was  reported  to  consist  of  more  Uian  100  snakes.  W.  C. 
Glazciur,  IVikiltfe  Jiiologiil,  lalfurrias,  Tex. 

o 

There  is  a  snake  den  within  two  miles  of  Archer  City,  Texas,  or  there  was  in  1918,  where 
I  killed  rattlers  on  warm  days  in  the  winter.  The  higlicst  number  killed  on  one  day  was  9. 

The  openinfr  of  this  cnve  was  large  enough  to  walk  in,  hut  the  general  forinaiion  was  a 
flat  crevice  from  2  to  G  or  8  inches  high  and  12  feel  long.  William  7 .  Sherman,  Silver 
Cily.  N.  Mex. 

Rattlers  are  seldom  seen  during  the  cold  winter  months,  but  I  once  found  a  bunch  of  8 
in  a  small  cave  in  February  at  an  elevation  of  about  S,000  feet.  They  were  sluggish  and 
stiff  but  able  to  travel  slowly.  This  cave  was  In  a  dirt  bank  about  10  feet  above  the  bottom 
of  a  dry  wash.  The  den  was  about  6  inches  in  diameter  at  the  opening.  Clyde  P.  Moose, 
U.  S.  Forest  Service,  Cavecreek,  Ariz, 

Dobie  (1946a,  p.  12)  remarked  that  in  the  Texas  plains  the  rattlers  do  not 
gather  in  large  dens;  rather  they  scatter  into  badger  holes,  rats'  nests,  and  similar 
refuges. 

Southern  California  Rattlesnakes. — ^In  the  mUd  climate  ot  southern  California, 
although  rattlers  are  rarely  s^n  in  vrinter,  their  dens  are  only  impromptu  ref- 
uges, such  as  mammal  holes,  shallow  rock  crevices,  or  piles  of  leaves.  The  rattlers 
often  take  advantage  of  a  warm  spell  at  any  time  during  winter  to  come  out  for 

a  few  hours  to  sun  themselves.  In  consequence,  the  concentration  of  nunibcrs 
is  nothing  like  that  found  in  coldei  ( h'lii.itcs.  But  at  higher  clexations,  when  the 
winter  is  more  severe,  the  dens  are  more  like  tliose  lound  in  the  North  and  East. 

One  of  the  greatest  concentrations  of  which  I  have  heard  in  San  Diego  County 
comprised  about  20  speckled  rattlers  (C.  m.  pyrrhus)  in  a  horizontal  cleft  of  a 
granite  boulder  near  Ramona.  These  snakes  were  found  by  Louis  P.  Faldborg 
on  November  11,  and  were  in  so  deep  they  could  not  be  reached,  although  he 
could  see  them.  He  returned  November  25,  but  they  were  forther  in;  they  could 
be  heard  but  only  one  could  be  seen. 

Other  reports  arc  usually  of  single  rattlers  or  pairs  found  under  rocks,  in  deep 
crevict'S,  or  tlowu  iiiauniial  holes.  A  southern  Pacific  rattler  (C.  ik  helleri)  was 
found  hibernating  at  l  a  |olla,  in  January,  under  only  a  or  4-inch  cover  of 
lea\es.  Walter  1 ,  Pew  of  Hemet  reported:  "Digging  out  a  bee  cave  in  the  rocks 
one  winter,  I  found  a  pair  of  large  rattlesnakes  that  had  holed  up  next  to  the 
bees,  I  suppose  for  warmth." 

Occasionally  it  has  been  said  that  rattlesnakes  dig  the  holes  they  use  as  dens. 
Among  others  having  this  belief  was  Kalm  (1752-53.  p.  313;  1758,  p.  287).  This 
is  probably  never  true.  Where  suitable  rock  formations  are  not  available,  they 
deiH-nd  on  mammal  bunows  or  on  masses  of  vegetation  of  some  kind.  The  fact 
that  j)iairie  rattlers  nnist  abandon  prairie-dog  holes  after  a  tiiiie,  since  they 
caiuiol  ]>iojjcrly  maintain  thctn.  is  well  known.  The  ratilci's  siioiu  is  poorlv 
formed  for  digging,  compared  to  those  of  many  other  kinds  ol  snakes,  some  of 
which  have  sharp  snouts  and  are  expert  burrowers.  Hopkins  (1905,  p.  354)  re- 
ports having  plugged  a  hole  containing  a  western  diamond  rattler.  When  he 
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returned  two  da)s  later  he  found  that  the  snake  had  smashed  its  nose  and 

blinded  itself  trying  to  get  out. 

Tonic  (1928.  p.  115,  but  written  in  1854)  thought  that  rattlesnakes  tnuldn't 
turn  in  a  hole  or  back  oiu,  and  hence  must  always  dig  their  way  out,  a  quite 
fantastic  idea,  and  a  dangerous  one  as  well;  for  a  rattler  may  turn  in  a  hole  and 
have  its  head  watching  the  entrance  while  the  tail  is  still  crawling  in,  so  that 
anyone  grabbing  the  tail  is  in  danger  of  being  bitten. 

I)l  N  POI'LLATIONS 

The  number  of  rattlesnakes  inhabiting  a  den  depends  on  topography  and  di- 
mate.  Wheie  suitable  sites  are  widely  separated,  popidations  at  specifu  dens 
lend  to  run  lart^er;  but  where  adecjuate  rock  slides  and  cre\  ices  are  numerous 
the  snakes  do  not  congregate  from  such  distant  points.  \eL  even  where  good 
refuges  are  close  together,  the  gregarious  natiue  of  the  snakes  will  lead  to  the 
selection  o£  particular  sites  so  that  the  o>ncentrations  are  fairly  large.  It  is  only 
along  the  southern  border  of  the  United  States,  where  the  season  of  hiberna- 
tion is  quite  short,  that  the  selection  of  a  refuge  becomes  more  a  matter  of 
individual  than  group  choice. 

The  several  subspecies  of  the  westt  rn  rattlesnake  (C.  viri^s),  especially  in  the 
northern  parts  of  their  ranges,  undoubtedly  attain  the  greatest  den  concentra- 
tions. A.  M.  Jackley's  statement  that  dens  of  the  prairie  rattlesnake  (C.  v.  xnridis) 
in  South  Dakota  contain  from  50  to  several  hunched  inmates,  with  an  a\erage 
of  about  250,  has  already  been  quoted.  Other  data  on  den  populations  of  this 
subspecies  supplied  by  my  correspondents  are  as  follows; 

I  helped  to  kill  125  rattlesnakes  in  two  dens,  this  last  suiumer.  Harry  Henderson,  liujjalo, 
S.  Dak. 

o- 

\Ve  have  found  in  the  spring  hundreds  of  rattlers  congregated  at  Eagle  Canyon;  also  in 
aouthwestern  Keith  County.  Ed  Sudman,  OgaUah,  Nebr, 

o 

In  the  next  day  or  so,  I  am  expressing  to  you  152  prairie  rattlesnakes.  We  found  three 
prairie-dog  towns  and  watched  them  all  summer.  Wc  hit  the  right  day— *)3  nnc  dav,  and 
the  rest  the  day  before  and  the  day  after  (October  12,  13,  14).  I'm  sorry  that  so  many  are 
snudl.  More  than  50,  however,  are  as  large  as  we  usually  see.  All  these  are  from  the 
neighborhood  of  Milton  reservoir,  10  miles  east  of  Platteville,  Colorado.  C.  B.  Perkins, 
then  of  Denver,  Co/o. 

Floyd  M.  Hunsaker,  of  Pueblo,  Colorado,  with  several  associates,  in  four  days 
killed  485  rattlers  at  a  one-acre  prairie-dog  den  30  miles  northeast  of  OIney 
Spring,  Colorado,  in  the  autumn  of  19S7.  This  exploit  was  publicized  through- 
out the  country,  illustrated  by  pictures  of  the  dead  snakes  (e.  g..  NfarClat^,  H)S9a, 
p.  12).  My  inquiry  concerning  the  number  of  snakes  at  the  den  brought  the  £ol< 
lowing  reply: 

Wc  accidentally  found  the  snakes  on  almost  Ijarc  ground  that  (onlaiucd  probably  30 
prairie-dog  liules.  They  were  at  the  height  of  their  migration  to  these  holes  to  hibernate, 
as  they  were  oiming  in  from  all  directions  except  the  east.  We  certainly  were  ludty  that 
no  one  was  bitten  with  so  many  snakes  around. 

Wc  have  made  several  trips  bark  Mure  the  dav  wc  made  the  big  kill  and  have  gotten 
some  snakes  each  time.  Every  lime  we  left  we  thought  we  had  killed  them  all.  On  the  la.st 
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few  visits  wc  have  been  catching  ihcni  alive.  We  have  about  80,  in  si/cs  from  10  inches  to 
about  45  inches:  but  if  we  had  started  to 'catch  them  alive  when  we  first  found  them  we 
could  have  got  over  300  that  would  run  over  40  indies,  to  say  nothing  of  the  young  ones. 

A  week  after  Hunsaker's  big  catch,  other  hunters  got  208  rattlers  at  the  same 
prairie-dog  town.  Other  data  on  the  populations  of  viridis  dens  are  the  following: 

The  number  of  prairie  rattlesnakes  in  a  den  may  range  from  singles  and  pairs  to  as  many 

as  4.'iO  in  ai)  .iic.i  of  less  than  5  acres.  The  laii^rst  concentration  I  have  seen  was  on  a 
rocky  ridge  "(i  milrs  "ioiiih  a»ul  west  of  Gillette.  W'uiininp;.  some  1')  \cnis  ajo:  thcv  were 
gathering  from  all  points  uf  the  compass  to  their  denning  luiaiiun,  uliich  I  did  not 
trouble  to  locate  exactly.  I  killed  snakes  with  my  rifle,  until  I  ran  out  of  shdls;  then  with 
rocks,  until  my  arm  wore  out,  and  stii:  1-  It  many  for  seed, 

I  was  marking  timlKT  on  a  rocky  ridge  ot  sliding  slaic-iock  in  Rapid  Creek  Canyon  in 
1922  in  April,  when  a  pair  of  log  cutters  felled  a  tree  near  nic.  The  slump  pulled  out  and 
opened  a  den  containing  at  least  100  buzzing  snakes.  With  so  much  convenient  cover, 
maii\  (if  iluni  fjf)!  auav  and,  lliougli  three  nf  ns  arroimied  for  55,  WC  left  many  singing 
away  under  nearby  rocks.  F.  R.  Cochran,  U.  S.  Furest  Service,  Sundance,  Wyo, 

■o 

Rattlers  are  found  in  dens  in  groups  of  50  to  200,  at  an  average  depth  of  3  feet.  Most 
makes  summer  in  grassy  areas  of  tlie  badlands  along  the  Missouri  River;  but  the  dens  are 
in  rocky  areas.  C.  IF.  Griffin,  Glasgow,  Mont. 

-o 

As  a  boy.  I  s|)ent  nian>  of  my  summer  vacations  at  my  uncle's  cattle  range  on  Sixteen  Mile 
Creek,  approximately  45  miles  from  Bozenian,  Montana.  The  bottomland  and  the  foot- 
hills  along  the  trcck  were  infested  Avitli  pi;Miie  talilcis  In  (MI^  along  ilie  old  Jaw  Bone 
Railroad,  which  ran  through  the  leaker  Ranch  between  Hailuwton  and  Lombard,  Mon- 
tana. I  have  seen  on  a  sunny  afternoon  as  many  as  100  rattlesnakes  coiled  up  on  the  rocks, 
h.n  ing  their  dens  in  crevices  created  from  blasting  cuts  through  the  hills.  W.  G.  Wiilson, 
Los  Angeles,  Calif. 

Rattlers  den  up  for  the  winter  sometimes  in  groups  of  as  many  as  150  snakes  or  more, 
r.  V.  Pearson,  U.  S.  Forest  Service,  Salmon,  Idaho. 

Keim  (1870,  p.  271)  reported  raiding  a  prairie  rattler  den  where  more  than 
200  had  been  killed;  he  counted  the  remains  of  158.  Succt  (1051,  p.  55)  staled 
th:it  :in  avcrngc  raid  in  Montana  in  the  sprinq;  would  i)i()clu(C  from  30  lo  50 
rattlers.  Some  other  reports  of  den  concentrations  of  prairie  rattlers  will  be  found 

on  p.  5')n. 

1  he  lollowiii}.;;  iiotts  a[)pl\  to  the  Great  Basin  lattki         ;  ,  lutosiis): 

Ihcre  is  a  place  above  Sweet  where  a  woman  killed  148  rattlesnakes  once,  as  they  were 
coming  out  in  spring.  Bill  Tattey,  Sweet,  Idaho, 

<- 

Some  very  large  dens  of  rattlers  have  been  located  near  iu  ■  <-.  About  600  were  taken  out  of 
one  den,  which  was  just  a  starter.  Joe  Gamer,  Shoshone,  Idaho, 

Most  rattlesnake  dens  are  found  in  ro«,ks,  where  they  get  down  into  crevices,  sometimes  in 
large  numbers.  I  have  taken  50  ratdesnakes  out  of  one  rocky  hole.  Merrill  Nielson,  U.  S. 
Forest  Service,  Spanish  Fork,  Utah. 

■o 

I  have  seen  three  or  four  hundred  rattlers  denning  in  one  rock  ledge.  Lawrence  Kelly, 
Harper f  Oreg. 

Hall  (1929,  p.  80)  reported  that  139  specimens  of  lutosus  were  killed  at  a  den 
in  eastern  Nevada  in  a  single  day.  Woodbury  and  Hansen  (1950,  p.  66)  men- 
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tion  a  den  in  Juab  County,  Utah,  where  an  estimated  300  rattlers  were  killed. 
Some  years  later  the  auiliois  rniitrht  69  rattk'rs  at  this  den  during  the  fall  gathering. 
Another  den  near  Grautsvillc,  Tooele  County,  I'tah,  was  kept  under  observa- 
tion lor  10  years,  dining  ^vhich  time  950  rattlesnakes  were  recorded  as  being 
tenants  for  one  or  more  winters. 

The  denning  proclivities  of  the  northern  Pacific  rattlesnakes  (C.  v.  oreganus) 
are  well  known.  The  numbers  at  single  dens  are  only  slightly  below  those  of  the 
prairie  rattler. 

Theie  is  one  cave  in  the  Grand  Dalles  district  where  about  100  rattlesnakes  have  been 
taken  out  most  every  year.  C.  L.  Winters,  Goldendale,  Wash. 

o 

In  British  Columbia,  the  raciTic  lattlcsiKikis  '^cncialb  dcii  up  in  large  groups  numberil^ 
from  perhaps  50  to  several  hundred.  A.  C.  Mackie,  Vernon^  B.  C. 

V.  j.  Martin  (1930,  p.  77)  has  described  the  capture  of  over  200  Pacific  rattle- 
snakes at  a  series  of  dens  in  Okanogan  County,  Washington.  Subsequent  to  the 
appearance  of  that  publication  he  sent  me  several  very  large  series  from  the 
same  dens.  From  one  group  of  dens  he  obtained  from  350  to  400  snakes  each 
season.  Another  collector  informed  me  that,  although  most  dens  in  this  area 
contained  from  200  to  300  rattlers,  he  b(  licved  that  some  exceeded  1,000. 

These  many  statenu  nts  in{li(  ate  that  the  sevcial  subspe(  ies  of  the  western  rat- 
tlesnake (C  i'iyi(li.s)  inuloubtedly  gather  at  dciis  in  numln  is  well  into  the  hun- 
dreds. Thousands  ha\t.'  been  o(:( asionally  reported,  but  seemingly  not  based  on 
careful  counts,  so  a  further  verification  of  such  large  nmnbcrs  is  desirable.  One 
such  statement  is  from  Wyoming,  where  the  subspecies  is  C.  v.  viridis: 

The  largest  den  of  rattlers  that  I  have  helped  destroy  had,  I  will  say,  more  than  S.'jW). 
I  have  heard  of  dens  where  five  or  six  thousand  were  killed.  I  do  not  doubt  the  killing 
of  this  numlier  in  a  single  den. 

Another  correspondent  from  Washington  (where  the  subspecies  is  C.  v.  oreganus) 
writes: 

I  have  found  many  raukvsnakc  dens  in  my  travels  and  hikes  in  the  hills.  1  caught  over 
1 .000  ratilers  in  one  den  not  far  from  here. 

In  the  Fast,  the  timber  rattlesnake  (C.  /<.  horridus)  concentrates  in  somewhat 
smaller  numbers: 

Raillcr  (icus  arc  usnall\  in  lougb  ami  rotky  plarrs.  generally  with  an  eastern  exposure. 
I  have  i.ikcn  128  live  snakes  out  of  one  den  in  a  snigle  day,  and  a  nuniher  of  others  got  away. 
Frank  E.  Brink,  Fish  Warden,  Milford,  Pa. 

-o 

I  have  reasonably  authentic  information  lo  the  effect  that  70  rattlesnakes  were  killed  at 

one  time  near  ilie  niouili  of  a  io(k  dm  lotntrd  on  Tov  I  rce,  a  tributary  of  the  Cranberry 
River,  about  8  miles  cast  of  Ricltwood,  West  \'irginia.  C.  /{.  Carr,  L'.  S.  Forest  Service, 
Riehwood,  W.  Va. 

-> 

I  linow  of  one  instance  on  the  Pisgah  National  Forest,  in  whitii  a  total  of  30  adult  rattlers 
and  copperheads  were  killed  at  one  time  by  tfie  dynamiting  of  a  den.  John  H.  StarUey, 

U.  S.  foiTst  Sen'ice,  Audtcivs,  S.  C. 
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Surface  (lOOf),  p.  195)  reported  the  killing  of  250  timber  rattlers  within  a  week 
at  a  den  in  Franklin  Clounty,  Pennsylvania.  Stejihen  II.  Haiui<r  estiniaus  the 
den  populations  in  western  Pcnnsyhania  at  from  20  to  200  rattlers.  Wheatley 
(188G,  p.  523)  reported  that  several  people  killed  486  rattlers  issuing  from  hiber- 
nation in  Trumbull  County,  Ohio,  on  May  1.  1799.  It  is  not  stated  whether 
more  than  one  den  was  involved.  Russ  (1950,  p.  47)  mentions  large  numbers  killed 
in  Elk  County,  Pennsylvania. 

Ncill  (1948,  p.  113)  found  only  one  canehi  ake  rattler  (C.  h.  ntriraudatus)  liiber- 
nating  singly  whereas  others  were  grouped,  and  therefore  concluded  that  i^athcr- 
ing  in  dens  is  r haraeteristie  of  this  southern  subspecies.  Allen  and  Neili  (1950c, 
p.  35)  retortled  HI  in  one  den. 

As  I  have  said,  in  the  soiuheiii  pait  of  the  I'nittd  States,  less  populous  dens 
seem  to  be  the  rule,  although  the  gtegarious  habit  is  still  evident.  A  few  reports 
mention  snakes  in  excess  of  100  to  a  den.  I  have  such  records  of  dens  of  the 
western  diamond  rattler  (C.  atrox);  the  Panamint  rattler  (C.  m.  stephensi),  one 
of  which  was  reputed  to  contain  180  snakes  and  another  104;  the  speckled  rattler 
(C.  m.  pyrrhiis):  and  the  Arizona  prairie  rattler  (C.  v.  tiutUius),  one  den  of  the 
latter  having  121  inmates.  I  have  already  mentioned  the  report  of  about  20 
speckled  rattlers  in  a  rock  cleft  in  San  Dict^o  Connty;  on  anotlier  occasion  9  were 
found  under  a  rock.  In  1932  it  was  reported  that  2i  red  diamond  rattlesnakes 
(C.  r.  ruber)  Avere  blasted  out  of  a  i  ock  crevice  at  £1  Monte  Park,  San  Diego  County, 
in  the  cour.se  of  road  ctjnstruclion. 

The  following  is  a  report  on  several  western  diamond  rattler  (C.  atrox)  dens: 

Thiriy-scvcn  ralllcsnakcs  is  Ihc  mo.st  I  ever  found  in  one  tleii.  Iliesc  were  small  .snake.s. 
I  captured  11  rattlers  that  weighed  55  pounds  at  one  den  on  the  Martin  Ranch,  Mason 

Oiiinty.  Texas   At  e>ni«  drn  on  ihc  same  rar>rh  T  captured  21  Rnakes  that  weighed  a  total 

of  35  pounds.  Most  of  the  dens  I  have  found  had  less  than  20  snakes  to  the  den.  /.  D. 
Bankston,  Mason,  Tex. 

Some  published  ac  c  ounts,  not  previously  mentioned,  of  the  numbers  of  rattlers 
found  at  dens  arc  the  lollowint;:  J.  Green  (1821.  p.  85),  G.  W.  Kendall  (1844. 
vol.  1,  p.  160).  Yarrow  and  Henshaw  (1878,  p.  Matteson  (189«).  p.  608), 

Chittenden  (190.8.  p.  47),  Morse  (1927.  p.  217),  Motl  (1936,  p.  7),  Anon.  (1937, 
p.  207),  and  Anderson  (1947,  p.  1). 

Summer  aggregations  of  snakes  have  been  discussed  by  Noble  and  Clausen 
(1936,  p.  271).  There  have  been  unverified  reports  of  large  summer  concentrations 
of  rattlesnakes,  particularly  of  C.  h.  horridus, 

DlMl.M  TION  THROUGH  R AIDINC; 

When  dens  are  repeatedly  raided  \eai  alter  year,  a  reduction  in  the  number  of 
occupaiUs  is  usually  evident,  although  the  complete  extermination  of  a  colony 
seems  rarely  to  be  ellccted.  A.  M.  ]ackle\'s  control  activities  in  S«)Uth  Dakota 
shcjwed  (iefinitrl\  rliat  rattlesnake  populations  were  decreased  at  the  dens  that 
he,  and  the  ianucis  and  stock  raisers  under  his  direction,  raided  periodically. 

A.  C  Mackie  of  Vernon,  British  Columbia,  is  the  only  one  of  my  correspondents 
who  has  kept  a  record  of  his  collections  at  several  dens  of  the  northern  Pacific 
rattlesnake.  He  writes: 
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The  southern  face  of  the  hill  where  the  oreganus  dens  are  located  is  steep.  There  is  a  mile- 
long  face  which  has  at  least  six  dens  whicii  I  have  named  after  those  who  first  discovered 
them  or  after  some  local  feature.  The  appended  table  [table  8:4]  shows  the  bags  made  to 
date: 

TABLE  8:4 

Annual  Catches  at  Several  Dens  of  the  Northern  Pacific 
Rattlbsnakb  in  Bmnsa  CotiniBiA 
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0 

0 

0 

3 

3 

0 

6 
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Total  

34 

72 

43 
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49 

37 

409 

In  table  8:4  I  have  listed  only  the  earlie$t-disa>vered  dens  that  Mr.  Mackie 
has  raided.  Subsequently,  as  the  take  from  these  declined,  he  widened  his  area 

of  operations,  ^vith  the  discovery  of  many  now  dens.  Altogcilicr  he  accounted 
for  the  clestruciion  of  2,918  rattlesnakes  in  the  years  1930  to  1953,  inclusive. 
But  eacli  individual  den  has  shown  a  proi^rcssive  derline  over  the  years,  indi- 
cating^ that,  with  continued  persecution,  the  dens  do  not  become  repojnilated 
witli  tiieir  original  numbers.  Always  the  newly  discovered  dens  have  proved  the 
most  fruitful. 

Woodbury  and  Hansen  (1050,  p.  68)  reported  that  a  den  of  Great  Basin  rattlers 
that  had  been  raided  and  300  killed  by  sheepherders  and  construction  workers  in 
19S7,  had  not  recovered  12  \ears  later.  Sweet  (1951,  p.  110)  thought  that  his  raids 
on  dens  of  the  prairie  rattlesnake  in  Montana  had  not  reduced  the  successive 
catches,  but  most  of  his  raids  were  limited  to  a  single  sprinij  dav  at  each  den. 
More  persistent  hunting  would  unquestionably  have  had  a  inoic  e\ident  effect. 

Elsewhere  (pp.  1006  and  1027)  I  have  discussed  den  raids  as  a  means  of  rattle- 
snake control  and  as  a  source  of  live  specimens. 
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Persistence  of  Dens 

That  the  same  sites  are  used  as  dem  over  periods  of  many  yean,  if  the  popula- 
tion is  not  exterminated  by  man,  is  evident  from  the  following: 

While  with  relatives  in  Craig,  Colorado.  I  visited  a  big  rauler  den  at  the  so-called  Forlifi* 
cation  Rodu  a  few  miles  north  of  Craig.  The  formation  is  a  large  igneous  dike  running  east- 
west.  It  was  too  early  and  cold  for  the  snakcs  to  be  out,  hut  tl\c  rocks  were  strewn  with 

vertebrae  of  (he  snakes  kilUd  hi  previous  vcars.  My  uncle  and  cousin  have  both  gotten  great 
numl>cr.s  of  rattlers  at  this  den.  My  father  told  mc  of  killing  a  great  many  there  when  he 
was  a  boy.  Robert  FMey,  Jr.,  Burlingame,  Calif. 

o 

A  ranchman  recently  guided  me  to  a  place  where  there  had  been  a  den  25  years  ago.  After 
some  seardi  the  identical  ^t  was  located  and  there  was  evidence  that  the  den  was  still  in 
use.  Rattlers  rarely  al)andon  a  place  for  hibernation  as  long  as  it  remains  a  suitaMe  pro- 
tection. A.  M.  Jackley,  Pierre,  S.  Dak. 

"> 

In  Scott  Valley,  rattlesnakes  are  quite  numerous  and  a  few  dens  have  iK-en  located  and  arc 
known  to  many  of  the  local  xcsldents.  One  large  den  on  the  east  side  of  the  valley  has  been 
visited  often  during  the  last  25  years,  and  has  \yccn  blasted  with  dynamite;  others  have 
gone  there  with  guns  seeking  spori  in  killing  the  snakes.  As  high  as  12')  have  been  reported 
kilted  in  a  day.  Yet  this  particular  den  is  still  in  use.  Harvey  E.  '/.ink,  U.  S.  forest  Service, 
Stiwyers  Bar,  Calif. 

o 

Rattlers  were  first  found  at  a  ceriaiit  den  near  here  25  years  ago.  Then  they  were  overlooked 
am!  forgotten  for  some  time  On  the  2:'th  of  April  this  year  the  same  person  who  foinul 
them  years  before  happened  upon  them,  after  having  forgotten  them  for  so  long.  Within 
the  next  20  days  several  parties  raided  this  den.  catching  a  total  of  74  rattlers.  Victor  E. 
Jones,  Univenity  of  Idaho,  Poeatello,  Idaho. 

These  seemingly  pcniiaiunt  dens  are  in  Kick  lorniaiions.  As  has  been  pointed 
out,  prairie-dog  holes  gradually  lose  their  usefulness  as  they  become  filled  up  by 
drifting  sand  or  earth,  for  the  new  reptilian  tenants  cannot  keep  the  galleries 
cleared  as  did  the  original  excavators.  Thus,  from  time  to  time,  the  rattlers  must 
occupy  new  towns  and  dispossess  the  dogs.  But  in  rocky  sections  the  situation 
is  different,  and  it  is  evident  that  the  same  site,  once  having  been  found  satis- 
feictory,  may  be  used  every  w  inter  for  many  years.  Chittenden  (1903,  vol.  1,  p.  47) 
meniions  an  instance  in  which  a  Capt.  LaBargc  returned  to  a  den  after  many 
years'  absence  and  fomul  llic  rattlesnakes  still  tising  it. 

Netting  (I9.'?2,  p.  G)  is  of  the  opinion  that  the  same  indixichial  rattlers,  barring 
a(<iclent,  rctinn  t<j  the  same  den  year  after  year,  and  with  this  logical  opinion 
several  o£  my  corres|Xjndcnts  agree.  Curran  (1935,  p.  334)  took  a  contrary  view. 
Woodbury  zxA  his  associates  (1951,  pp.  5,  II,  tables  1  and  2)  in  their  study  of  a 
den  of  Great  Basin  rattlesnakes  near  Salt  Lake  City  over  a  period  of  10  years, 
proved,  by  marking  specimens,  that  many  returned  to  the  den  year  after  year. 

Noble  and  Clausen  (19S6)  have  investigated  the  senses  employed  by  certain 
kinds  of  snakes — not  rattlers — in  trailing  each  other  to  suitable  dens.  The  senses 
of  sight  and  smell  were  found  of  primary  importance.  It  may  be  presumed  that 
the  same  senses  are  used  by  rattlers.  But  only  some  form  of  homing  instinct  can 
explain  how  the  first  comers  of  each  season  find  their  way  back. 
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Spacing  of  Dens 

The  distance  between  dens,  affecting  the  distance  that  the  average  rattlesnake 
must  traverse  to  reach  its  winter  retreat,  is  a  matter  of  interest,  but  dependable 
data  are  not  at  hand.  This  wOl  no  doubt  eventually  be  studied  by  the  marking 
of  snakes,  thereby  ascertaining  their  wanderings.  Barton  (1805,  p.  167)  mentions 

rattlers  that  crossed  a  river  and  went  as  much  as  a  mile  to  and  from  a  den.  Hudson 
(1903,  p.  321;  first  edition  1892)  stated  that  these  snakes  travel  fiom  20  to  30  miles 
to  reach  tlieir  dens;  this  was  repeated  by  Lydckker  (1890,  p.  211).  Neil!  (1918, 
p.  113)  thoujiht  that  tancbrake  rattlers  nn'ght  converge  Irom  20  miles  away  to 
reach  an  area  of  limestone  caves  in  the  Savannah  River  swamp.  1  hat  they  travel 
any  such  distance  as  20  miles  is  to  be  seriously  doubted.  lljx>n  this  matter  of  tlie 
spacing  of  dens,  A.  M.  Jackley  commented; 

Most  rattlers,  in  years  past,  ivintcrcd  in  prairie-dog  town.s,  un  the  prairie  and  in  rolling 
country,  but  the  various  campaigns  that  have  been  carried  on  to  rid  the  country  of  the  dogs 
makes  it  uncertain  as  to  the  distance  between  ook>nie$  of  snakes.  Even  when  the  dog  towns 
were  nnmcrous  and  fairlv  close  together,  one  would  find  ilicsc  snakes  hil)ernating  in  one 
place  but  with  scarcely  any  in  other  towns  reasonably  close  by.  It  is  my  belief  that  dens 
where  iaigp  numbers  hibernate,  say  400  or  more,  are  rarely  doaer  than  two  miles;  and 
when  that  dose  the  snakes  from  sudl  dens  intermingle  to  some  extent. 

As  to  the  spacing  of  dens  in  rocky  areas  m  South  Dakot.),  I  believe  a  brief  description  of 
conditions  on  Table  "Mountain"  in  northwestern  Harding  County  will  allord  a  fairly  good 
example.  This  8o»cailed  "mountain"  is  not  unlike  many  buttes  as  to  elevation  Init  is  larger 
in  area  than  most,  having  almost  a  \  mile  square  flat  to]).  This  table  is  capped  with  a  layer 
of  sandstone  al)Out  50  feet  thick.  Below  this  cap  there  are  henthes  and  broken  rock  masses, 
and  the  snake  dens  are  on  these  benches.  There  has  l>ecn.  and  still  is,  a  large  concentration 
of  rattlers  in  these  dens,  though  about  2.000  have  been  killed  during  the  last  three  years. 
I  have  10  dens  located  and  they  are  about  400  yards  apart.  On  one  side  there  is  a  distance 
of  %  of  a  mile  or  more  with  no  cavities. 

We  have  a  few  buttes,  some  ol  which  arc  mure  like  ridges  rising  abiuptly  front  the  sur- 
rounding prairie,  that  present  extensive  rock  ledges.  Where  I  find  a  large  colony  of  rattlen 
hibernating  in  such  a  ledge,  I  call  it  one  den  even  though  they  may  group  in  several  cavities 
that  are  from  two  to  three  hundred  feet  a|Kiit.  1  don't  find  any  liiljeniating  in  loose  rock- 
slidcs.  The  reason  is  in  sub-zero  weather  the  circulation  of  air  under  a  pile  of  rock  renders 
it  unfit. 

Southeast  of  Wood,  South  Dakota,  there  is  such  a  rocky  buiie  oi  lidge.  Along  the  ledge  for 
a  distance  of  about  GOO  feet,  more  than  2.000  rattlers  were  killed  Although  large  numlu  rs 
entered  live  distinct  and  separate  cavities,  others  merely  occupied  various  random  crevices. 
Just  one  mile  from  this  place  and  on  a  nearby  butle,  there  was  another  colony  of  about 
500  rattlers.  This  was  to  the  cast;  and  to  the  west,  a  little  over  a  mile,  was  a  smaller  group. 

There  is  no  question  hut  that  in  such  large  concentrations  one  mav  expect  most  any  suit- 
able cavity  to  be  occupied,  t  his  is  similar  to  the  situation  in  a  dog  town  where  several 
hundred  spend  the  winter.  There  isn't  enough  space  in  any  one  hole,  but  even  so,  they  may 
crowd  some  holes  to  an  uncomfortable  extent,  leaving  other  holes  untenanted. 

Jackley  thcju^lu  the  distance  that  prairie  rattlesnakes  traveled  away  from  their 
dens  in  the  summer  was  governed  by  food  supply.  He  thought  that  most  of  them 
had  summer  ranges  within  %  of  a  mile  of  their  den,  but  a  few  might  travel  2  miles 
or  more.  Other  comments  giving  suggestions  of  den  separations  are  as  follows: 

By  what  I  saw  and  was  told  by  the  ranchers  in  the  vicinity,  many  rattlesnakes  denned  near 

the  top  of  a  certain  buttc  at  a  den  located  in  a  crevice  in  large  rocks.  During  the  last  of 
August  and  September,  rattlesnakes  were  seen  migrating  toward  the  den  for  a  radius  of 
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several  miles,  the  snakes  being  very  numerous  .it  tlie  den  and  in  the  close  virinitv.  During 
warm  days  in  laie  fall,  the  snakes  were  seen  near  the  entrance  of  the  den  entangled  in  large 
groups.  Vaude  L,  Wintenteen,  Longmont,  Colo. 

I  know  of  three  horridtu  dens  in  about  one  square  mile  in  each  of  the  fdlowing  Pennsyl- 
vania counties:  Cameron,  Somerset.  Warien.  I  hetc  may  l)c  a  den  every  mile  or  so  on  favor- 
able rock-ledge  facings  along  a  main  stream.  1  he  side  hills  that  form  the  contributing 
hollows  to  a  major  stream  have  many  rocky  points  and  rock  slides,  some  of  which  are  dens. 
My  guess  is  one  den  per  square  mile  in  many  o€  the  rodty,  brushy  areas  of  western  Penn- 
sylvania that  arc  kmiwn  to  have  lattlns,  rememherint;  that  what  T  call  ;t  single  den  may 
include  2  or  3  concentrations  in  a  single  ledge  300  to  1,000  feel  long.  In  areas  where  exposed 
shattered  rock  is  not  common,  there  are  generally  fewer  dens  and  fewer  rattlesnakes.  Stephen 
H.  Harwig,  Kttshurgh,  Pa. 

1  judge  from  the  connncnts  ol  several  oi  niy  corrcspoiulcnts  th.it  in  rocky  areas, 
where  suitable  crevices  are  likely  to  be  closely  spaced,  the  dens  are  so  selected 
chat  the  tenants  seldom  need  travel  over  a  mile  to  reach  one.  I  have  elsewhere 
quoted  Paul  J.  Martin's  statement  that  7  or  8  dens,  yielding  350  to  400  northern 
Pacific  rattlers  each  season*  were  found  in  an  area  of  10  acres;  and  there  were 
15  dens  within  a  radius  of  5  to  7  miles.  A.  C.  Mackie  has  mentioned  a  mile-long 
rock  face  that  contained  5  or  6  dens.  In  these  rocky  areas,  dens  arc  sometimes 
so  close  toilet licr  it  is  difficult  to  decide  whether  they  should  be  considered  sepa- 
rate aggregations. 

The  most  important  work  on  tlie  distances  that  lattlesnakes  cover  in  their 
summer  travels,  as  determined  by  the  marking  of  snakes  and  their  later  recapture, 
has  been  that  of  Fitch  (1949a,  p.  539).  These  researches  are  mentioned  in  detail  in 
connection  with  summer  prowling.  Unfortunately,  for  solving  the  particular  prob- 
lem here  discussed,  namely  the  distance  that  snakes  travel  to  reach  winter  quarters, 
the  data  developed  are  not  espcciallv  \aliial)le,  since  the  northern  Pacific  rattle- 
snakes in  the  area  under  stiuly  by  Hitdi  do  not  tongregate  foi  hihcination  in 
htrge  groii|}s,  but  find  refuge,  in  tiiat  mild  climate,  in  niakeshilt  hiding  |)l;(ces 
nearby.  We  may  conclude  that,  in  more  severe  dimaics,  the  distance  tra\eied  to  a 
den  varies  with  the  intervals  between  suitable  accommodations.  The  distance 
traversed  is  probably  rarely  over  a  mile  or  so  at  most,  for  otherwise  the  fatalities 
resulting  from  sudden  cold  snaps  would  be  excessive.  Probably,  in  areas  where 
dependence  must  be  placed  on  mammal  holes  rather  than  on  rock  formations, 
and  where  colonies  of  gregarious  mammals  such  as  prairie  dogs  are  not  available, 
recourse  is  had  to  scattered  single  hcjlcs  or  sets  of  galleries.  No  attention  would 
be  attracted  to  these,  as  is  the  case  in  a  den  in  a  |)rairie-dog  town,  for  the  (onccn- 
tralion  of  snakes  in  the  spring  or  lall  would  not  be  great  enotigh  to  be  ( (Jiisjjic  uoiis. 
Undoubtedly,  such  .scaticicd  mammal  holes  comprise  tlie  reluges  resorted  to  by 
sidewinders  and  other  desert  rattlers  in  the  deserts  of  the  Southwest. 

Methods  of  Finding  Dens 

There  is  a  marked  diffeicnce  in  most  areas  between  the  frequency  with  which 
snakes  are  encountered  when  disi)crsed  throughout  their  summer  ranges,  and 
their  concentrations  about  the  dens  during  the  sj)ritig  and  autumn  lying-out 

periods.  In  the  one  case  they  are  scattered,  usually  in  hiding,  and  largely  nocttu  nal. 
so  one  gets  the  idea  that  they  arc  relative!)  scarce;  whereas  during  the  latter  sea- 
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sons  the  impression  is  given  of  very  large  populaiions.  Such  of  the  early  travelers 
in  the  west  who  happened  upon  prairie-dog  towns  at  these  seasons  reported  the 
congregation  ol  great  uiuiil)ers  of  rattlers,  which  others,  at  other  seasons,  tound 
difficult  to  believe.  For  example,  Wheeler  (1926,  vol.  1,  p.  309)  tells  of  the  sur- 
prise of  a  parly  on  the  upper  Missouri  in  1872  at  the  great  numbers  oi  rattlers 
seen  at  prairie-dog  towns  and  amid  rocks.  They  must  have  come  upon  the  snakes 
during  the  lying-out  period,  and  naturally  they  were  amazed  at  the  large  num- 
bers of  snakes,  compared  with  the  scattered  few  they  may  have  met  elsewhere 
during  the  summer. 

Most  dens  have  been  located  by  discovery  of  the  rattlers  at  these  lying-out  sea- 
sons, althout^h  experienced  hunters  such  as  A.  M.  Jackley  have  been  able  to 
recogni/e  them,  even  while  luiteuantcd  in  the  suniiiiei-.  by  various  signs  of  occu- 
pancy. Others  are  iound  by  observation  of  the  diredions  taken  hy  the  snakes 
during  their  annual  pilgrimage  toward  the  dens,  the  population  density  increas- 
ing as  the  focal  point  is  approached.  At  such  times  great  numbers  of  snakes  are 
killed,  either  intentionally  or  otherwise,  if  their  routes  happen  to  cross  a  major 
highway. 

A  rattlesnake  den  may  be  found  if  one  will  ncitice  which  way  they  travel  late  in  September 

or  early  in  October.  I  have  watched  manv  a  snake  and  rollowed  It  up  anil  found  small 
dens  of  16  to  25  in  woodchiick  (or  ground-hog)  holes,  but  the  larger  dens  I  have  found  in 
rock  ledges.  Gustave  If.  Koski,  U.  S.  Fish  and  Wildlife  Sendee,  Windham,  Mont. 

In  Utah,  the  rattler  habitat  for  the  most  part  is  the  scrub  oak-si^  type,  mostly  rocky  slopes, 

where  I i/ards  abound;  in  Idaho,  the  sage  types  in  letig)'  slopes  and  rocky  flats.  In  the  upper 
Snake  River  basin,  great  areas  of  lava  beds  abound  with  them,  and  often  large  dens  are 
found  there  in  the  fall.  I  have  seen  only  a  few  in  such  gatherings,  but  a  number  of  my 
siodtmen  friends  have  told  of  coming  upon  great  numbers  in  the  vidnity  of  lava-bed  caves. 
A  particular  gravel  road  along  the  foot  of  several  lava-bed  hills  seems  to  be  preferred  at 
certain  seasons  of  the  year.  On  some  strips  I  have  noted  scores  of  them  lying  in  the  road, 
all  heading  in  the  same  direction,  usually  down  country  in  the  spring,  and  upward  toward 
fall.  C.  H.  McDonald,  V.  S.  Forest  Sendee,  StevensvilU,  Mont. 

•o 

While  in  Colorado  I  was  fortunate  in  witnessing  a  seasonal  migration  of  rattlesnakes  in  the 
San  Luis  Valley,  between  Mineral  Hot  Springs  and  Saguache.  Here  the  rattlers  den  up  in 
well-weathered  volcanic  rock  for  the  winter.  Then,  after  the  frost  has  gone,  they  migrate 
out  into  the  valley  by  the  hundreds  for  the  summer,  to  feed  on  small  rodents.  In  the  foil 

tlicy  return  to  the  rocks,  lliuim,'  the  migration  hundreds  of  these  snakes  cross  the  highway, 
and  many  arc  killed  by  being  run  over  by  passing  cars.  Carl  Ham  mars  train,  II.  S.  toresl 
Service,  Rochford,  S.  Dak. 

A  typical  newspaper  report  of  a  similar  sittiation  is  the  following,  from  the 
Denver  Rocky  Mountain  AVu-.v,  October  21,  1937: 

The  Slate  Highway  Courtesy  Patrol  reports  thousands  of  rattlesnakes  are  migrating  north- 
ward in  Weld  and  Morgan  counties  and  that  automobiles  have  killed  at  least  1,500  between 
Wiggins  and  Roggen  [18  miles]  on  U.  S.  Highway  81.  The  venomous  snakes  range  in  length 

from  one  foot  to  two  and  a  lialf  feci,  highway  patrolmen  uported.  The  ninnbet  killed 
represents  only  a  small  portion  of  the  vast  movement  of  the  snakes  at  what  is  called  "denning 
time." 

Victor  (1870,  p.  214)  has  told  a  story  of  how  Meek,  a  well-known  trapper  of 
pioneer  days,  once  took  refuge  from  a  violent  thunUcrstorni  under  a  shelf  of  cliff. 
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Ralllcsnakcs  slaitcd  to  l;<»  hy,  (iist  in  small  gi<)U|)s.  and  finally  in  Ininduds  and 
thonsands,  on  ihcir  way  to  a  den.  The  gionnd  was  alive  with  ihcni,  and  he  and 
his  horse  were  cornered  until  the  swarm  had  passed. 

Neill  (1918,  p.  113)  believes  that  rattlesnakes  have  courses  to  their  dens  that 
they  persist  in  following,  despite  changes  in  surroundings.  One  such  trail  was 
through  a  pine  forest  that  the  canebrake  rattlers  used  even  after  the  forest  was 
cut  down;  another  was  through  a  suburban  section  of  Augusta,  Georgia.  ^V'ood• 
bury  (1951,  p.  4),  who  located  inanv  large  dens  ol  C.  x>.  I'indis,  C.  v.  decolor,  and 
(\  V.  lutos!i.<!  in  western  Colorado  and  in  I  t.ili,  did  so  by  waithing  the  snakes 
apjijoac  h  oi  leave  the  dens,  or  by  Iniding  cast  sknis,  particularly  racer  skins,  at  the 
entrances. 

Life  at  the  Dens 

Since  a  rattlesnake  den  is  a  place  of  refuge  and  concealment,  little  is  known  of 
the  life  of  the  snakes  during  actual  hibernation.  Road  and  mine  excavations 
that  ha\c  opened  dens  in  winter  have  supplied  some  obserxations.  Safe  in  their 
retreat  bt  low  ibe  frost  line,  they  arc  foimtl  to  He  torpid  and  x  irtually  moi  ionless, 
in  or()U})s  of  masses — "balls"  as  they  are  oltcn  termed — until  aroused  by  the  spring 
wai  null. 

Upon  their  habits  on  the  surface  during  the  lying-out  period,  more  comple  te 
field  notes  are  available.  For,  at  midday,  when  the  weather  is  favorable,  they 
gather  about  the  dens,  separately  or  intertwined  in  groups,  to  take  advantage  of 
the  last  warmth  of  the  autumn,  or  the  first  reviving  sun  of  spring.  Usually  they 
lie  close  to  the  holes  so  that  they  may  quickly  find  sanctuary  il  d  inger  threatens. 
Coming  unexpectedly  upon  one  of  these  concentrations  of  rattlesnakes  is  sufficient 
to  startle  even  (he  hardiest  hiniter  oi  fislu'i man.  Tlu  v  are  ])arti( ularly  striking 
sights  at  [)iaii ii  -dog  towns,  where  the  topogiapln  is  siirh  thai  more  can  be  seen 
from  a  single  vantage  point  than  is  possible  amid  tundjlcd  rotks  ami  bouldtrs. 

The  exact  time  of  year  when  these  lying-out  concentrations  may  be  found  de- 
pends on  latitude,  altitude,  exposure,  and  year-to-year  temperature  variations. 
The  following  observations  give  some  data  on  seasons  and  hours,  and  the  actions 
of  the  snakes  when  discovered: 

Tlie  noi  tlicin  I'ac  ific  raitlrsnakcs,  lu  re  in  tlic  Northwest,  start  heading  back  to  their  dens 
in  laic  An'^iivl  and  Scpninhcr.  anti  some  tiinib  200  to  500  feet,  and  even  1,000  frri  from  a 
ci'cc-k  up  (lie  slcc|>  dills,  winding  their  way  to  the  tlen,  which  is  haid  to  gel  ai  sometimes, 
and  in  a  dangerous  place. 

They  start  coming  out  of  the  den  about  the  20lh  to  the  25th  of  March  in  an  early  spring. 
They  don't  lea\c  tlic  di  ti  :il  that  linic  hut  just  make  an  npix  aranrr  at  the  surfnrr  lo 
warm  up  in  the  sunshine,  i  hey  come  out  about  10:30  or  II  o'clock,  and  re-enter  between 
3  and  4  in  the  afternoon.  They  do  this  coming  out  and  going  back  every  warm  day  for 
nearly  three  %vccks  l)eforc  they  start  spreading  out  in  every  direction  from  their  tiens, 
staying  out  a  little  later  each  day  in  /Xpiil,  until  ftnallv  voii  can't  lind  one  aroimd  the  den 
much  after  the  first  of  May.  Sometimes  you  will  sec  100  rattlers  sutuiing  themselves  at  a 
den  about  the  10th  of  April.  Marion  E.  Rose,  Pateros,  Wash. 

-> 

Success  in  catching  or  killing  ralllcrs  depends  on  ample  leisure  and  immunity  from  fatigue 
during  the  early  spring  when  they  are  at  or  mar  their  dens.  'I  liis  peiifxl  mav  last  oiiIn  a 
fortnight,  if  temperatures  by  day  and  night  arc  consistently  high,  or  il  may  last  a  month, 
or  even  six  weeks,  if  the  night  temperature  remains  low.  Hay  must  be  made  while  the 
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sun  shines.  1  he  fall  campaign  from  early  September  to  mid  OclolK-r  is  less  productive  of 
results,  a!s  the  snakes  either  retire  into  their  dens  for  good  as  soon  as  they  arrive  there, 
or  lie  in  the  very  mouth  and  disappear  at  the  tremor  of  one's  fbotfoll.  In  spring,  the  nf»rma] 
program  is  as  follows:  For  the  first  week  or  more  they  leave  the  den  as  soon  as  the  sun  is 
high  enough  to  strike  the  site,  and  lie  coiled  up.  somctituc^  in  a  solid  mass,  on  the  flat, 
naked  rocks  at  the  mouth,  retiring  again  toward  tlic  end  of  tlie  afternoon.  If  iiu  rockslidc 
is  handy,  this  period  may  lie  much  extended;  if,  however,  a  rockslide  is  contiguous,  the 
larger  ones  at  first,  and  the  smaller  a  little  later,  will  descend  to  it,  lying  wholly  or  par> 
tially  exjMJScd  during  the  day  and  seeking  refuge  at  night  in  i!ir  lower  strata  of  the  slide. 
The  larger  specimens,  especially  the  females,''  soon  leave  this  rcticat  and  go  in  search  of  a 
marmot  hole  in  which  they  make  their  headquarters  till  the  young  of  these  animals  pro- 
vide them  with  their  first  sid)st:nuial  meal  of  the  season.  When  the  young  marmots  are 
too  big  to  Ik  swallowed,  the  rattlers  leave  the  steep  hill-.slopcs  and  come  to  the  bottom- 
lands for  the  summer.  They  choose  as  their  hcadc|iiarters  either  a  patch  of  thick  brush  or 
an  isolated  boulder,  in  or  under  which  they  doze  away  the  day  in  shelter  and  security. 
As  soon  a"-  llic  rocks  in  a  slide  hocomc  uncomfortahly  hot,  all  the  snakes  therein  trek  to 
lower  levels.  If  a  den  is  on  tlie  chine  of  a  hill,  some  snakes  will  sperrd  the  simimer  on  the 
plateau  hehind  it  while  others  will  seek  the  valley  bottom.  A,  C.  Mackie,  Vernon,  IS.  C. 

C.  II  Perkins,  in  liis  raids  on  prairie  rattlesnakes  in  dog  towns  lu  ar  Platteville, 
Colorado,  had  his  best  success  in  the  fall,  althougii  his  oinrations,  covering  only 
two  caiiij)aigns  in  each  season,  were  hardiv  e\tensi\e  enough  to  pioxc  which  season 
is  the  bciicr.  I  here  is  no  doubt  some  variability  from  year  to  year,  depending  on 
temperature  conditions  during  the  lying-out  days  at  the  dens.  The  statistics  of 
his  catches,  whidi  totaled  863  rattlesnakes,  are  set  forth  in  table  8:5. 

Concerning  his  experiences  at  the  dens,  Mr.  Perkins  wrote: 

At  these  dog  towns  it  was  noticeable  that  we  would  see  no  ratdesnakes  at  all  at  first,  and 

then,  u  few  minutes  later,  the  same  place  would  be  full  of  them.  Usualh  the  first  couple 
of  snakes  would  be  lart^e  ones  and  would  be  going  somewhere — not  right  close  to  holes. 
Twice  1  was  startled  by  the  rattling  of  a  snake  i  hadn't  seen  first,  and  although  lx>ih  times 
I  almost  stepped  on  the  snake,  it  didn't  strike. 

As  I've  always  found  to  be  the  case,  all  the  snakes  try  to  get  away  l)\  scrand>ling  down  the 
nearest  liole:  and.  when  cornered,  the  smaller  the  Miakc  (except  the  button  babies),  the 
more  tliey  light  and  ilie  harder  they  arc  to  catch.  The  piauie  laitlesnake,  by-thc-way,  rcscius 
being  caught  more  than  any  other  rattler  I  know. 

The  air  temperature  range  for  the  three  days  of  our  largest  catches  in  1930  was: 
Oct.  12—63-  to  36"  F. 

13—  63»  to  34«  F. 

14—  66«  to  35*  F.« 

The  warmest  part  of  the  day  was  from  noon  initil  'J  r.\t..  biu  the  hunting  was  better 
from  al>out  10:30  to  1:00.  Also,  we  became  very  tired  about  one  o'clock,  and  possibly  were 
not  working  so  hard  or  covering  so  much  giound  as  before.  The  nights  were  really  cold, 
but  it  seemed  to  make  no  dllicrence  to  the  snakes  whether  the  holes  sloped  south  and  got 
the  sun,  or  sloped  north  and  still  fdt  cold  to  the  hand  at  noon. 

It  will  be  observed  from  Mr.  Perkins'  records  that  the  peak  of  the  lying-out 
season  in  the  spring,  at  the  latitude  of  Platteville,  Colorado,  is  about  April  18, 
and  of  the  autumn  October  13,  Of  particular  interest  is  the  length  of  the  lying- 
out  period,  Avhich  makes  a  den  a  fruitful  place  for  collecting,  whether  in  the  fall 
or  spring,  altliough  the  former  appears  somewhat  better. 

» Oihei  oi)vei  v  ei  <-  lia\ c  found  that  the  males  are  the  first  to  leave  the  dens  in  the  spring,  and  the 

first  to  arii\ e  in  the  lall. 

"  Dyche  {iwj.  p.  'M'2)  also  obsersed  tii.it  ■-nakes  came  out  of  the dens  to  sun  themselves on  good 
days,  even  after  it  liad  become  quite  cold  at  night. 
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TABLE  8:5 

Daily  Catcuks  ok  Prairie  IIattlesnakes  Made  by  C.  B.  Perkins 
AT  Pr.\irik-Dog  Towns  neab  Platteville,  Colorado 


SprincUSl 

Spring  IMS 

No  hunts  maile 

Date 

Ckteb 

Date 

Cateb 

April  12  

15  

16  

19  

12 
10 

9 
17 

48 

12  

14  

17  

18  

20  

May  1   

2  

5  

1 
20 

18 
56 
36 
31 
35 
17 
3 

217 

iuiiga2 

Date 

Catch 

Date 

Catch 

Xu  hunts  made 

Oct  12   

13  

14  

Nov.  3  

Total  

17 
93 
64 
16 

190 

Oct.  3  

4  

6  

9  

13  

14  

17  

18  

21  

24 
6 
25 
12 
34 
90 
90 
31 
79 
8 

408 

A.  M.  Jackley  agreed  with  Afr.  Perkins  tliat  fall  (ollecting  is  more  fruitful, 
rather  than  spring,  as  found  by  Mr.  Mackie.  Mr.  Jackley  wrote: 

Rattlirs  leave  their  dens  in  the  spring  gradually,  and  for  this  reason  niany  mf>rp  ran  he 
killed  in  the  fail  than  in  the  spring.  However,  i{  one  were  to  visit  a  den  daily  in  spring, 
he  could  kin  a  hi^ier  percentage  at  that  one  den  than  by  visiting  the  den  in  the  fall.  One 
might  lull  a  hundred  or  more  at  a  den  in  one  day  in  the  fall,  but  25  would  be  a  large 

miiiilici  in  ilic  saiiK-  leiv^lh  of  time  in  sprinj;.  The  period  of  enicr^enrc  in  South  Dakota 
normallv  t  \i(  nds  from  about  April  25th  to  May  IjiJi.  I  hey  begin  returning  to  the  dens  in 
the  latK  1  1  iH  ()(  Sc|»tcinber  and  continue  through  most  of  October. 

Willi  iilcniicc  ff)  stasonal  \aiiaiions  in  dciiiiing  tialcs,  owing  to  year-to-year 
fiucluaii()n>»  in  tcmpcraliiix-,  Mi.  Jackley  contimicd: 

I  he  fact  that  some  rattlers  emerge  Irotn  hii)ernalion  earlier  than  previously  recorded  led 
me  to  believe  they  would  abandon  their  dens  earlier  than  usual  In  a  warm  spring,  but  at 
this  time  the  evidence  indicates  they  will  not.  The  lew  that  came  out  in  late  March  and 
early  April  this  year,  save  an  occasional  exception,  returned  into  the  dens.  I  wo  rattlers 
entered  one  trap^  on  March  26th,  and  during  the  first  two  weeks  in  April  the  largest  number 

^Jackley  placed  traps  at  the  den  exits  so  that  the  rattlers  were  caught  even  if  they  were  only 
leaving  for  a  midday  sun  bath. 
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caught  was  8.  Others  began  entering  traps  around  April  2jth.  It  was  not  until  Mav  r)tli 
and  6th  that  considerable  numbers  began  to  show  up.  So  the  conclusion  is  that  notwiih- 
tumding  we  had  unusually  wann  weather,  90  to  95  per  cent  of  these  snakes  were  content 
to  remain  in  their  dens  almost  until  their  usual  time  for  scattering.  Although  their  migra- 
tion from  the  (lens  niay  he  under  way  a  week  earlier  than  in  Other  years,  this  movement 
will  not  take  place  as  soon  as  anticipated. 

Also,  these  snakes  came  out  of  their  dens  in  Harding  County  in  northwestern  South 
Dakota  at  approximately  the  same  lime  they  did  down  near  the  Nebraska  line.  This  is  one 
thing  I  have  long  wanted  to  learn  and  wlmh  could  scarcely  ha\e  been  arcuratclv  determined 
except  by  use  of  the  traps.  Local  weather  conditions  naturally  have  made  this  study  dif- 
ficult, but  it  now  is  quite  evident  that  with  rather  uniform  weather  conditions  they  will 
emerge  in  the  spring  at  the  same  time  throughout  the  western  half  of  Souh  Dakota. 

Although  Mr.  Jackley's  observations  icud  to  minimize  the  eilccts  oL  year-to- 
year  temperature  differences,  no  doubt  there  is  some  seasonal  variation,  similar 
to  that  reported  by  Vols0e  (191 },  p.  12)  in  the  case  of  European  vipers,  so  closely 
do  snakes  react  to  temperatures.  In  a  cold  spring  their  exit  and  spreading  into 
their  summer  ranges  may  be  delayed  by  two  to  three  weeks  or  more.  In  the  £aU  a 
gradual  drop  in  temperature  turns  them  toward  their  dens;  and,  should  there 
be  a  sudden  unseasonable  freeze,  they  may  be  caught  too  far  from  their  dens 
and  must  seek  makeshift  retreats  or  die.  So  t  loscly  dependent  is  muscular  activity 
on  ground  and  air  temperatures  that  they  may  be  fatally  immobilized  only  a  few 
feet  from  safety. 

Although  Mr.  Jackley  observed  no  dillerencc  in  returning  or  emerging  dates 
between  Uie  northern  and  southern  boundaries  of  South  Dakota,  a  greater  lati- 
tudinal range  would  unquestionably  have  demonstrated  the  effects  of  critical 
temperatures.  The  prairie  rattlesnakes  of  the  Texas  Panhandle  certainly  have  a 
longer  active  season  than  those  of  South  Dakota.  In  San  Di^o  County  an  alti- 
tudinal  difference  is  manifest,  for  the  snakes  of  the  mountains  come  out  later 
than  those  of  the  coastal  area,  with  its  milder  climate. 

The  following  are  some  additional  observations  made  by  my  correspondents 
on  rattlesnake  habits  during  the  lying-out  periods: 

The  rattlesnake  dens  are  in  caves  or  crevices  of  the  rorks;  soinrtiines  several  htmdred  are 
in  one  den.  In  February  or  March,  when  the  warm  sun  comes  out  after  a  shower,  they  will 
crawl  out  and  lie  in  the  sunshine.  We  have  had  snake  drives  in  the  Wichita  Mountains 
and  killed  as  many  as  150  in  or  near  one  den.  Sometimes  ten  or  fifteen  will  roll  themsdves 
together;  and,  in  ac  least  one  instance  I  know  of,  twelve  were  killed  at  one  shot  from  a 
shotgun.  L.  E.  Crawford,  5up/.  State  Game  Ranges,  Lawton,  Okla. 

Four  or  five  years  ago  I  came  over  to  this  locality  to  hunt  coyotes  in  the  middle  of  April. 

I  was  on  horseback,  and  alxiut  two  niiirs  fiom  camp  I  killed  a  rattier  that  was  living  to 
cross  a  snowl)ank.  Riding  down  the  ihaw  about  two  hundieit  vanis,  anntliet  big  rattler 
struck  at  my  tiorsc.  He  was  l>tiig  in  sonic  lucks  in  the  bun.  Killmg  hini,  l  luiic  un  down 

the  draw  aiiout  100  yards  more  and  saw  three  more  rattlers  on  one  rode.  I  turned  and 

rode  up  around  the  rocks  so  as  to  get  above  them.  Then  I  had  snakes  all  around  me.  Three 
or  four  of  them  started  to  rattle  and  my  horse  got  nervous.  I  then  realized  I  was  on  the 
edge  of  a  snake  den.  Before  I  got  clear  of  the  rocks  there  must  have  been  25  or  30  snakes 
all  rattling  at  the  same  time,  and  these  were  only  a  lew  of  the  ones  in  sight.  That  den  had 
more  snakes  than  any  other  den  that  I  know  of.  It  Was  a  big  ndobe  bank  al>out  35  to  40 
feet  high  with  crumbled  rocks  on  top  and  at  the  bottom.  That  day  the  sun  was  shining 
warm  and  they  had  come  out  in  spite  of  the  snow.  I  don't  know  how  many  snakes  there 
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were  but  the  whole  side  of  the  slope  was  covered  with  them.  A  sheep  outfit  dynamited  a 
den  ct  rattlers  about  tlx  miles  from  this  place  and  killed  around  600  rattlers.  Eddie  Buehta, 
Fish  and  WUdtife  Service,  Moneta,  Wyo. 

o- 

At  itic  (icns  I  lia\c  seen  ratllc  is  in  groups  of  from  six  to  <icvcial  huiulicils.  Tlu'V  coil  llirni- 
sclvcs  around  one  aiiuilui  until  they  make  a  Mjrt  of  ball.  I  can't  say  how  long  they  stay  this 
way,  but  I  know  they  stay  twisted  up  in  this  way  for  as  long  as  two  days,  and  I  have  seen 
bull  snakes  twisted  in  the  same  b;ills  wiih  the  nitlltrs.  I  have  seen  from  20  to  several 
hundred  ranlers  using  a  den.  All  the  dens  I  have  found  have  been  in  rock  diib,  or  sand 
and  clay  banks.  FAlen  Johnston,  U.  S.  lish  and  U  UiUife  Service,  Shelby,  Mont. 

•o- 

I  ran  into  a  den  in  May  near  Spion  Kop,  Montana,  on  the  side  of  a  hill  having  a  big  rock 
ledge  some  quai  tcr  of  a  mile  long.  There  was  a  huge  pile  of  rattlesnakes  in  front  of  a 
rrack  in  ihc  kdnc  I  was  huiUinij  (ovolc  pups  al  ihc  time  and  it  look  mr  In  surprise  to 
see  this  pile  of  snakes  there  in  the  sun  on  the  south  side  of  the  hill.  Having  my  .22  rifle 
with  me,  I  started  to  shoot  into  the  mass,  killing  and  crippling  19  rattlesnakes,  averaging 
!tO  (o  33  inches  in  length,  together  with  a  few  little  ones.  Gustave  W.  Koski,  U.  5.  Fish  and 
Wildlife  Service^  Windham,  Moni. 

Other  data  on  rattlesnakes  lying  about  their  dc  iis  in  the  spring  and  fall  will 
be  found  in  chaptei  11  on  control  (p.  1027);  and  climatic  and  temperature  effects 
are  liiitlicr  treated  iiiitler  tempornl  activity  in  chapter  7  (p.  430).  Sevcrnl  of  my 
correspoiKlciits  have  coiiiineiitcd  on  (he  waiiiuss  ol  the  rattlers  dniin;^  ilie  lying- 
ont  pLi  iod  (ste  also  Glovd,  194G,  p.  92).  At  the  first  tlistiii  haiu c  or  thicat  of 
danger  they  take  refuge  in  the  holes  or  crevices.  The  slightest  niovcincnt  of  an 
intruder  causes  one  or  more  to  rattle  and  the  alarm  spreads  contagiously.  A.  M. 
Jackley  wondered  how  they  all  became  so  quickly  aware  of  danger  if  they  are 
indeed  deaf;  many  observers  have  naturally  assumed  that  the  rattles  sound  the 
alarm.  As  discussed  in  chapter  6  under  senses  (pp.  392, 406),  it  is  probable  that  their 
sensitivity  to  earth-borne  tremors  suffices  to  transmit  the  alarm  to  those  that 
have  not  aduallv  seen  the  intiiider.  This  is  a  kind  ol  luaiint;,  ;dihoii<;li  not 
through  aii-botiR-  vibiations,  as  the  term  is  usually  unckrsKjod.  (.ilhiiii  (1916, 
p.  132)  heard  a  nuudjer  of  snakes  rattle  at  a  den  when  one  was  being  caught. 
An  individual  80  yards  away  seemed  to  sense  the  disturbance  and  rattled. 

Stephen  H.  Harwig  of  Pittsburgh  had  this  to  say  about  the  actions  of  horridus 
in  western  Pennsylvania  when  disturbed  during  the  lying-out  period: 

When  annoyed  at  a  den,  the  rattlers  tend  to  take  refuge  under  rock  slabs,  rather  than  in 

the  der[)  veriitai  fissures,  of  whiih  t!i<  rc  arc  manv  in  the  fa<c  of  a  Irdpr.  Rattlers  arc  \erv 
fond  of  lying  in  brushy  ti<>surcs  ti  to  3U  indies  wide  and  4  to  20  inches  deep,  between  rock 
slabs.  When  disturbed  they  quickly  glide  under  one  of  the  rocks.  Only  rardy  will  they 
hurl  themselves  into  a  hole  or  crevice  more  than  2  or  3  feet  deep.  Occasionally,  when  par* 
tially  blinded  l>y  iiuipicnt  shedding,  they  will  crawl  hastily  and  erratically  over  crevices 
and  sheltering  slabs  in  an  ellort  tu  escape. 

In  their  descriptions  of  rattlesnake  deirs,  obseivers  frequently  refer  to  balls 
of  rattlesnakes,  sometimes  disclostd  by  winter  blasting  operations  wlien  a  den  is 
opened  to  sight,  and  at  others  b\  ])< opic  wlio  Ikivc  observed  tlitin  on  the  surface 
during  tlie  iyiug-out  periods.  E.  R.  Hall  (192'J,  [).  80)  was  tokl  ol  balls  of  Great 
Basin  rattlers  that  were  found  in  the  fall  lying-out  period  at  a  den  in  eastern 
Nevada.  Ala  Jones  (1947,  p.  48)  saw  masses  of  rattlers  as  large  as  wash  tubs. 
Rollinson  (1944,  p.  187)  saw  a  ball  of  prairie  rattlers  as  large  as  a  watermelon. 
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Dobic  (J91Ga,  p.  12)  repeats  the  Rollinson  account  and  adds  two  others  from 
Mexico.  Morgan  (1939,  p.  363)  says  the  balls  mav  rontain  from  2  or  3  to  hundreds 
of  snakes.  It  has  been  siig^cstcd  that  these  masses  ol  ratilesnakis  are  composed  of 
snakes  indiscriminately  mating  or  endeavoring  to  mate,  but  there  is  nothing  to 
substantiate  such  a  presumption.  Balls  of  rattlesnakes  within  a  den,  by  reducing 
the  surface-mass  ratio,  would  minimize  heat  and  moisture  losses  and  would  save 
space  as  well.  There  is  thus  no  reason  to  question  such  observations  as  the 
following: 

Workers  in  limestone  quarries  have  noted  large  balls  of  hibernating  rattlers  of  all  sizes 
exposed  by  blasting  operations  in  the  winter  months.  These  balls  are  often  one  fool  in 
diameter.  V.  A.  Shaffer,  State  Conservation  OQicer,  Murray,  Iowa. 

■o 

In  tlie  adjoining  foothilb  there  is  a  range  of  sandstone  and  limestone  hills  in  which  ilic 
rattlesnakes  are  very  ntimeroiis,  and  there  they  seem  to  den  up  in  the  holes  and  small 
caves  in  lliis  soft  rock  formation.  A  farmer  told  mc  llial  he  and  his  hired  man  found  in 
one  of  those  caves  a  ball  of  rattlesnakes  which  contained  more  than  100  snakes.  Ray  M. 
Bnubhaw,  V,  S.  Forest  Service,  Woodland  Park,  Colo, 

I  have  seen  dens  of  snakes  blasted  out — ^big  l}alls  of  them — around  IMains  and  Paradise, 
Montana,  years  ago.  P.  Bruce  Centerwall,  V.  S.  Forest  Service,  Tonto  Basin,  Ariz. 

However,  there  is  less  likelihood  that  the  balls  of  snakes  seen  outside  ilie  dens 
during  the  lying-out  period  represent  accurate  observations.  Presumably  there 
is  here  some  exaggeration,  sucli  as  might  be  induced  by  the  exciting  circumstance 
of  coming  upon  a  pile  rather  than  a  ball  of  rattlers  at  the  entrance  to  a  den. 
For,  under  such  conditions,  balling  up  would  defeat  in  some  degree  the  primary 
reason  for  lying  out,  namely  to  be  warmed  by  the  sun.  But  that  the  snakes  some- 
times pile  up  in  veritable  masses  at  the  entrance  to  a  den  there  can  be  little  doubt. 

().\  I  <)(;iM(.  1  1  KI.NCl  S  IN  Dr.NNlNG 

The  opinion  has  been  exjiie^scd  by  A.  ^^.  Jackley  that  llu:  youn,<;-of-thc  year  do 
not  den  with  the  adults  and  adolescents  in  rock-crevice  dens,  although  they  may 
in  prairie-dog-town  dens,  as  was  verified  by  the  composition  of  catches  made  by 
C.  B.  Perkins.  Mr.  Jackley  wrote: 

One  of  the  most  surprising  things  to  me  is  the  fact  that  only  in  a  few  instances  have  I 
ibund  young  rattlers  in  the  spring  at  the  dens.  These  few  exceptions  have  hern  in  do^ 
towns  w!iere  a  Inrije  colony  liibcrnalcs.  I,ar^.^e  dens  in  hntU';,  (racket!  opin  l)anks.  anil 
sink  holes  rarely  have  any  really  young  ones  in  ihcm.  In  many  dens  in  buites  where  several 
hundred  have  been  killed,  not  more  than  2  or  S  per  cent  were  young  Ijom  that  year. 

My  traps  accurately  check  the  snake  population  in  a  den.  The  juveniles  have  no  difli- 
cuUv  <  ntcring  n  trap,  and  what  frw  there  are,  do  so.  I  am  convinced  that  vouufr  l)orn  only 
a  quarter  of  a  mile  away  from  a  den,  will  not  follow  the  older  ones  to  the  den  the  first 
fall.  I  have  found  young  in  burrmva  dug  by  ttrlped  gophers  [ground  aquirrda]  and  pocket 
gophers.  I  think  thcv  spend  their  first  winter  in  mammal  holes  siith  as  these.  It  is  different 
where  the  den  is  in  a  dog  town.  Probably  the  young  were  born  in  some  hole  in  the  town, 
or  not  £sT  away,  and  when  winter  comes  there  are  plenty  of  holes  in  which  to  be  safie. 

It  may  be  suggested  that  the  greater  dispersion  of  hiding  places  in  a  dog  town 
may  protect  the  young  from  being  crushed,  as  they  would  be  in  the  crowded 
spaces  of  a  fissure  den. 

These  inferences,  regarding  the  separate  denning  of  the  young-of-the-year 
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among  the  piaii  ic  rattlesnakes  (C.  i>.  x'iridis),  ha\e  been  \crificd  anicjiii;  the  Ciieat 
Basin  rattlesn.ikes  (C.  v.  lutoi,us)  by  Woodbury  and  Hansen  (1930,  }).  67)  and 
among  the  timber  rattlesnakes  (C.  h.  horridus)  by  Swanson  (1952,  p.  180).  One 
of  my  correspondents  expressed  the  opinion  that  mother  northern  Pacific  rattle- 
snakes (C.  V.  oreganus)  returned  to  the  vicinity  of  their  dens  before  giving  birth 
to  young,  so  that  their  broods  might  have  no  difficulty  in  locating  the  ancestral 
refuge.  This  is  rontrary  to  tlie  ojjinions  previoiislv  (|untcd. 

Mcsseling  (195'^.  p.  21)  lias  rvohed  a  nunil)oi  of  highly  doubtful  theories  as 
to  how  a  mother  rattlesnake  conducts  hei  ycnuig  to  their  first  hibernations. 
Speaking  of  //orr/V/z/v  in  \\'is( onsiii,  lie  exjjresses  the  opinion  that  a  mother  rattle- 
snake fust  leaves  her  young  in  order  to  feed  up  for  the  winter.  She  then  returns 
to  them  and  leads  them  to  the  den,  rattling  as  she  goes.  If  she  fails  to  return  for 
them»  they  are  unable  to  find  their  way  to  the  den,  and  most  of  them  will  be 
frozen.  When  young  snakes  are  taken  to  a  den  by  the  mother,  they  remain  in 
the  den  during  their  first  year,  feeding  on  insects. 

Animals  TiiA I  HiiuRNAri  uiiii  RAinisNAKrs 

Prairie  Dotis  and  Oiuls.  That  other  animals  hibernate  with  ralllesnake>  is  well 
known,  several  kinds  of  harndess  snakes  being  the  most  frequent  tohabitanis. 
Before  discussing  these,  it  may  be  well  to  dispose  of  the  ancient  myth  of  that 
happy  family  of  congenial  lodgers,  the  prairie  dogs,  burrowing  owls,  and  prairie 
rattlesnakes.  The  story  started,  of  course,  from  the  sight  of  prairie  dogs,  owls, 
and  snakes  scattered  at  the  mouths  of  the  prairie-dog  holes,  from  which  observa- 
tion it  was  supposed  that  they  were  peaceful  tenants  of  the  same  holes.  This  was 
more  a  bit  of  folklore  than  a  myth,  propagated — as  ha\e  bten  some  of  the  rattle- 
snake yarns — l)v  the  earlvclay  natinal  histories,  for  its  truth  was  denied  at  a 
relatively  early  date  by  some  of  the  western  travelers. 

The  owl-dog-rattler  association  was  observed  by  suth  early  explorers  as  Lewis 
and  Clark  in  1804-6  (Coues,  1893,  vol.  1,  p.  166)  and  by  Pike  in  1805-7  (Coues, 
1895,  vol.  2,  p.  4S1).  Latrobe  (1836,  vol.  1,  p.  237)  reported  that  burrowing  owls, 
rattlesnakes,  and  badgers  were  found  with  prairie  dogs.  Murray  (1839,  vol.  1, 
p.  207)  repeated  the  story,  but  said  he  saw  no  rattlers  in  the  piairie-dog  towns. 
Wied-Neuwied  (18!.'5,  j).  Ill)  thought  the  lattlers  used  only  abandoned  j)rairie- 
dog  holes.  Gregg  (ISll,  vol.  '1,  ]>.  2.10)  tliouglit  the  owls  and  rattlers  to  be  in- 
truders that  li\ed  f)n  \oung  |)rairie  dogs.  (,.  W.  Kciulall  (1811,  \()1.  1,  p.  189 — - 
see  also  Marcy,  1850,  p.  185,  and  Audubon  and  Bachman,  1851,  vol.  2,  p.  320) 
reported  that  a  rattler  had  eaten  a  young  prairie  dog  and  that  the  snakes  were 
loafers  appropriating  the  dogs'  holes.  A  similar  view  was  expressed  by  Bartlett 
(1854,  vol.  2,  p.  561)  and  by  Parkman  (1872,  p.  361).  Cremony  (1868,  p.  292) 
reports  the  .\pathe  Indians  as  saving  the  rattlers  are  wise  enough  to  let  the 
prairie  dogs  build  theii  homes  for  them.  Other  early  denials  of  the  symbiotic 
story  are  given  bv  W.  A.  liell  (18r)9,  \ol.  1,  p.  :?2).  VicUn  (1870,  p.  2ir)).  .Stern- 
berg (18r.9.  p.  I'W)).  Coues  (1871.  j).  :^21),  Williston  (1878,  p.  203).  lirons  MSS2. 
p.  565),  and  Majors  (1893,  p.  105).  Coues  gives  a  particularly  elietiixe  sunuuary 
of  the  relationship: 

As  to  the  reptiles,  it  may  be  observed  that  they  are  like  other  rattlesnakes,  dangerous, 
venomous  creatures;  they  have  no  business  in  the  burrows,  and  are  after  no  good  when 
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ihcy  do  enter.  They  wriggle  into  the  holes,  partly  because  there  is  no  other  plate  for  ihcm 
to  crawl  into  on  the  bare,  flat  plain,  and  partly  in  search  of  owls'  eggs,  owlets,  and  puppies, 
to  eat. 

I  have  the  following  note  in  the  handwriting  of  Frank  Stephens,  a  naturalist 
who  lived  for  many  years  in  San  Diego,  and  after  whom  tlic  rattlesnake  sub- 
species stephensi  was  named: 

In  western  Kansas  in  September,  1874, 1  noticed  a  prairie  dog  acting  in  an  unusual  manner. 
It  would  run  toward  the  entrance  of  its  hide  and  then  bade  away,  then  start  for  the  hole 
from  another  direction.  It  did  this  several  times,  and  at  last  made  a  (juitk  dive  down  the 
hole  from  the  other  side.  I  walked  over  to  the  hole  and  near  the  edge  lay  a  rattlesnake 
curled  up.  It  was  conclusive  evidence  to  me  that  the  prairie  dog  knew  the  danger  of  the 
snaice,  Icept  out  of  its  way,  and  that  the  dog  and  snake  would  not  live  in  tlie  same  home 
in  harmony  as  has  so  often  been  written. 

Ringle  (1924,  p.  19)  reported  that  a  prairie  dog  would  not  enter  a  hole  con« 
taining  a  rattler.  He  put  carbon  disulphide  on  a  dog,  upon  which  it  started  down 
one  hole  and  then  returned.  It  then  went  down  another  hole  and  stayed.  He  put 
the  volatile,  ill-smelling  fluid  on  a  corncob  and  shoved  it  into  the  first  hole, 
whereupon  a  rattler  came  out.  Dixon  (1928,  p.  296)  dug  out  at  least  25  ground 
owls'  nests  and  found  neither  rattlers  nor  s(|uirrels  in  any  of  them.  .Scton  (1929b, 
p.  291)  well  summarizes  the  j)rairie  dof^-owl-rattlcr  happy  family  as  a  "vener- 
able joke."  King  (1955,  p.  33)  has  contributed  new  observations  on  the  prairie- 
dog-rattlcsnake  relationship. 

Upon  this  subject  my  own  correspondents  have  made  the  following  inter- 
esting observations: 

I  have  seen  rattlesnaiics  take  possession  of  a  prairie-dog  town  in  the  foil;  all  the  dogs, 

owls,  and  rabbits  moved  out  when  the  snakes  moved  in.  This  place  was  on  the  Sand  Arroyo 

Creek  in  Morgan  Count v,  folnt-Tdn.  '1  here  were  some  2.000  rattlers  killed  there  in  the  fall 
of  1939.  That  is  the  largeM  congregation  of  snakes  I  have  ever  seen.  Charles  G.  Holiworth, 
Kremmting,  Colo. 

Rcceniiy  I  parked  my  car  centrally  in  a  small  prairie-dog  town  where  the  snakes  were  dis- 
possessing them.  The  dqgs  wouldn't  enter  their  holes,  that  is.  most  of  them  wouldn't.  I 
could  see  several  snakes  at  a  time,  apparently  exploring  the  various  holes  to  determine 

which  suited  tlicin  host.  After  watching  thc-in  for  more  tlian  an  hour.  I  slowlv  and  (juictly 
walked  aroimd  and  found  thai  the  dogs  were  so  confused  that  I  could  walk  right  up  to 
them.  A.  M.  Jacldey,  Pierre,  S.  Dak. 

Thus  he  believed  that  when  snakes  and  doi^s  are  found  together,  it  is  during 
the  transition  |xriod  when  the  rattlers  arc  takin<r  o\ci  a  town.  In  1931,  C  B. 
Perkins  had  this  to  say  about  the  Platte\ille  towns  Irom  which  he  took  more  than 
800  rattlers  during  a  period  of  three  years: 

A  tiling  iliui  iiiirigucB  mc  is  the  fart  that  wc  gut  snakes  on  the  edge  of  holes  that  had  fresh 

prairie-dog  droppings,  and  also  from  the  S  or  4  holes  which  were  inhabited  by  burrowing 

owls.  When  wc  stopped  the  car  we  rouhl  see  and  hear  the  dogs,  hut  saw  nothing  more  of 
them  while  hunting.  The  owls,  however,  wc  occasionally  saw.  So  there  must  l>e  considerable 
confusion  as  the  snakes  move  in. 

MacClary  (1939b,  p.  30)  reported  that  a  man  turned  sevcial  rattlers  loose  in 
a  prairie-dog  town,  and  that  the  dogs  were  driven  out  within  years.  Osborn 
and  Allan  (1949,  p.  322)  reported  on  a  populous  prairie-dog  town  that  was  being 
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protected  as  a  subject  of  ecological  stiuh.  The  population  gradually  declined 
and  eventually  disappeared,  and  although  the  authors  attribute  this  to  changes 
in  vegetation,  latilcsnakcs  were  lound  in  the  town,  and  tlic  jduoe  manager 
thought  they  uiigiit  have  been  in  part  responsible  for  the  prairie-dog  decline. 

McDanield  and  Taylor  (1877,  p.  272)  made  the  ingenious,  but  highly  improb- 
able, suggestion  that  the  prairie  dogs  preferred  to  live  in  the  company  of  rattle- 
snakes because  of  the  protection  from  wolves  and  other  enemies  that  the  snakes 
afforded  them.  Walker  (1952,  p.  81)  thought  the  happy-family  myth  may  have 
gained  credence  because  the  young  owls  are  able  to  mimic  closely  the  sound  of 
a  rattlesnake's  rattle.  F.  Simpson  (1915,  p.  279)  claims  that  rattlers  are  afraid 
of  being  interred  by  prairie  dogs,  and  that  if  one  starts  to  fill  the  entrance  to  a 
burrow,  any  snake  within  will  come  out  at  once. 

The  rattlers  do  not  return  for  very  many  winters  to  the  burrows  from  wliich 
they  have  dispossessed  the  dogs,  since,  without  the  care  of  the  latter  or  other 
mammals.  Che  hcdes  soon  fall  into  ruin.  Hence  there  is  a  continual  process  in- 
volving  the  construction  of  new  towns  by  the  dogs  and  eventual  eviction  by  the 
snakes.  But  no  doubt  the  dogs  so  outnumber  the  snakes  that  many  are  undis- 
turbed for  years. 

That  the  joint-lodging  story  still  persists  is  indicated  by  the  followii^  report 

lately  received  from  one  of  my  correspondents:  "Rattlesnakes  are  found  in  prairie- 
dog  towns,  as  prairie  dogs,  owls,  and  rattlesnakes  live  in  the  same  burrow." 

Other  Snakes. — So  inherently  vicious  are  rattlesnakes  popularly — but  errone- 
ously— supposed  to  be,  that  visitors  at  the  Zoo  are  frequently  heard  to  express 
surprise  that  more  than  one  can  be  kept  in  a  cn<^e  without  a  fit^ht  ensuing.  But 
as  these  notes  amply  show,  not  only  arc  they  peacefully  gregarious,  biu  other 
genera  of  snakes  may  join  them  in  their  winter  seclusion.  At  the  San  Diego  Zoo  we 
keep  a  mixed  cage  of  rattlers  and  bull  snakes  to  illustrate  tliis  amicable  association. 

The  real  codenizens  of  the  dens  with  rattlesnakes  are  other  kinds  of  snakes. 
Their  presence  is  quite  frequent,  even  usual,  as  the  following  observations 
indicate: 

The  men  who  tended  the  rattlesnake  tiaps  which  I  had  set  at  dens  kept  count  of  rattlcn 

only,  and  they  totaled  133.  They  told  me  about  a  dozen  bull  snakes  and  possibly  40  blue 
racers  were  also  caught.  The  fact  is,  I  have  never  found  a  den  in  South  Dakota  that  did 
not  contain  bull  snakes  md  Uue  laoet^  and  when  the  den  is  reasonably  dose  to  water, 
tbeie  are  usually  garter  snakes  as  well.  However,  I  have  not  found  bull  makes  eongregaied 

in  large  numljers  in  aiiv  onr  phKc.  From  my  cxpcriciu  cs  with  traps  at  dens,  I  believe  that 
the  blue  racers,  bull  snakes,  and  garter  snakes  leave  earlier  than  the  rattlers  in  the  spring. 
A.  M.  Jackley,  Pierre,  S.  Dak. 

o 

In  May  of  1911,  alxmt  ihc  5th,  I  set  a  trap  at  a  dm  f)f  ratttfts.  This  trap  was  of  a  type 
devised  by  A.  M.  Jackley.  About  ihe  lOlh,  iliere  were  5  raitlcis  and  one  blue  racer  in  the 
trap.  They  continued  to  get  into  the  trap  until  about  the  8th  of  June.  On  the  SOth,  I  took 
up  the  trap  and  had  a  total  of  25  lattleis  and  5  Uue  lacen  in  it  Glenn  Ftathen,  U,  S, 
Forest  Service,  Camp  Crook,  S.  Dak. 

One  of  the  most  unusual  circumstances  to  osine  to  my  attention  happened  last  year.  Don 
I  Kortes,  of  Leo,  Wyoming,  found  a  den  of  snakes  and  dug  a  pit  in  whidi  they  were  trapped 

when  they  came  out  in  the  spring.  The  surprising  thing  to  me  was  that  the  rattlesnakes 
had  hibernated  in  the  same  den  with  bull  snakes,  blue  racers,  and  garter  snakes.  A  total 


Copyrighted  material 


I 

I 

I 


yopulatiu)is  and  Ecology  599 


of  about  350  snakes  were  taken  and  about  an  c(|ual  number  of  cadi  of  tbcsc  species  was 
found.  I'his  would  tend  lo  contradict  the  old  theory  of  the  enmity  between  rattlesnakes 
and  bull  snakes.  Don  S,  Simpson,  Deputy  Game  Warden,  Seraioga,  Wyo. 

I  know  there  is  a  general  belief  that  bull  snakes  will  kill  rattlesnakes,  l)Ui  I  have  seen 
them  denned  up  in  the  same  den.  I  once  killed  200  rattlesnakes  at  a  den  and  there  were 
about  20  bull  inaka  in  the  lame  den.  Ernest  Gutxman,  U.  5.  Forest  Service,  Wimper,  Idaho. 

o 

It  is  commonlv  thought  that  the  nonpoisonous  bull  snake  kills  and  eats  rattlers,  and  for 
this  supposed  virtue,  enjoys  almost  complete  inimunity  from  man;  but  the  two  species 
hibernate  together  and  I  have  taken  both  in  a  trap,  living  apparently  amicably  together. 
I  have  found  a  rattler,  a  I)ul1  snake,  and  5  blue  racers  all  fraterni/ing  together  in  the  trap; 
the  oMnmon  garter  snake  also  dens  up  with  the  rattier.  A.  C.  Mackie,  Vernon,  B.  C. 

While  helping  to  build  a  dam  in  western  South  Dakota,  we  dug  into  a  den  of  anakei  in 

January  of  1936.  They  were  coiled  up  in  a  round  ball  37  feet  down  in  a  shale  hillside. 

Sixty-three  rattlers  and  over  100  blue  racers  nn<l  btill  snakes  were  all  coiled  up  together. 
They  did  not  seem  to  be  alive,  but  we  took  some  over  by  the  fire  and  they  soon  came  to 
liie.  Lawrence  Kelly,  Harper,  Oreg. 

-o- 

Thc  malpais  rock,  with  its  many  crack';,  seems  to  be  a  favorite  place  of  hibernation  for 
rattlers.  Also,  the  big  rocksiidcs  are  selected  by  some  of  them.  Last  fall,  in  one  particular 
malpais  outcrop,  I  foimd  several  rattten.  a  striped  racer,  several  Ariioaa  ring-necks,  and 
a  brown  garter,  all  of  which  seemed  to  have  chosen  this  site  for  their  winter  home.  It 
was  located  a  short  distance  from  the  banks  of  Wliite  River.  A,  W.  Moilison,  U.  S.  Indian 
Service,  Mcls!ary,  Ariz. 

o 

\Vc  have  onlv  the  timber  rattler  here  in  Pennsylvania.  A  lot  of  people  are  under  the  im- 
pression that  the  black  snake  will  kill  tlic  rattler,  but  I  have  found  them  denned  up  to* 
gether  several  times.  T.  /.  Cox«  SUUe  Fish  Warden,  Coudersport,  Pa. 

•o 

In  Pennsylvania,  I  have  found  numerous  copperheads  and  some  pilot  blade  snadces  living 
in  harmonv  with  tinjbcr  rattlers  at  a  common  den  rock  cUiriii!;  ilie  sinnmer,  so  all  these 
snakes  probably  den  together  to  some  extent  in  the  winter.  Milk  snakes,  black  racers, 
and  garter  snakes  are  sometimes  seen  in  a  ratder-den  area.  I  have  never  witnessed  any 
liostility  between  snakes  at  a  den.  Stephen  H.  Harwig,  Pittsburgh,  Pa. 

o 

Rattlesnakes  and  copperheads,  which  arc  about  as  numerous  as  rattlers,  den  up  together; 
and  I  have  seen  them  coOed  together  during  cold  weather.  B.  A.  Eger,  U.  5.  Forest  Ser^ce, 
Buena  Vista,  Va. 

Bcauvois  (1799,  p.  375)  mentions  finding  blatk  snakes"  and  garter  snakes  in 
dens  with  timber  rattlers.  Ferrall  (1832,  p.  301)  quotes  a  newspaper  report  of 
a  den  containing  193  adult  timber  rattlers,  16  blade  snakes,  and  a  copperhead. 
Martin  (1859,  p.  110)  reported  a  den  with  rattlesnakes,  king  snakes,  and  black 

snakes.  Catlin  (1868,  p.  2^)  also  records  black  snakes  with  timber  rattlers.  J.  D. 
Mitchell  (1903,  p.  yj)  Icnatcd  a  roaduviiip  in  a  rattler  den.  llrwin  (192.5,  p.  7) 
found  a  spotted  night  .snake  in  a  den  of  Great  Basin  rattlers.  Xobic  and  Clausen 
(19.^6,  p.  'H  I)  excavated  a  den  that  ^vas  found  to  contain  tinihci  laiilers  and 
copperheads,  with  black  racers  nearby.  Messeling  (i95.'i,  p.  2j),  in  Wisconsin, 
found  that  the  timber  rattler  associated  at  the  dens  with  bull  snakes,  blue  racers, 
black  snakes,  and  blow  snakes. 

•One  cannot  be  certain,  from  these  reports,  whether  the  "black  snakes"  mentioned  were  black 
racecB  (Coluber  constrictor  constrictor)  or  pilot  black  snakes  {Eiaphe  obsoleta  obsoleta). 
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Anderson  (1947,  p.  2),  in  South  Dakota,  found  bull  snakes,  blue  racers,  hog* 
nosed  snakes,  and  a  milk  snake  sunning  themselves  together  at  a  den.  AV'oodbury 
and  his  associates  (Woodbury  and  Hansen,  1950,  jj.  127;  Woodbury  and  Smart, 
1950,  p.  45;  WoodbuiT,  1950,  p.  5)  recorded  the  following  codenizens  with  rattle- 
snakes, as  di.sc(J\  ercd  by  capture  of  the  snakes  k  a\  ing  a  den;  desert  strijied  racer, 
western  yellow-beliicd  racer,  desert  goplicr  snake,  desert  spotted  night  snake, 
regal  ring-necked  snake,  western  long-nosed  snake,  western  milk  snake,  and 
wandering  garter  snake.  There  were  about  %  as  many  striped  raoen  as  rattlers; 
the  western  yellow-bellied  racers  numbered  about  14  as  many  as  the  rattlers,  and 
the  gopher  snakes  about  lis.  Of  the  other  kinds  of  snakes,  there  were  only  one  or 
two  present  in  large  dens.  Swanson  (1952,  p.  177)  found  timber  rattlers  and 
copperheads  in  the  same  den. 

Summarizing  the  data  on  snakes  occupying  the  same  dens  with  rattlesnakes, 
we  find  the  following  species  of  rattlesnakes  involved: 

Prairie  rattlesnake  (C.  v.  viridis) 
Great  Basin  laiik'snake  (C.  v.  lutosus) 
Northern  Pacitic  rattlesnake  (C.  v.  oreganus) 
Watem  diamond  rattlcmake  (C.  atrox) 
Timber  rattlesnake  (C.  A.  hofridw) 

The  following  species  of  snakes  have  been  reported  denning  with  them,  in 
instances  where  the  identifications  were  trustworthy: 

Bull  snake  {Pituophis  catenifer  sayi) 
Desert  gopher  make  (P.  e.  daerUeola) 
Sonomn  gt^her  snake  (P.  e.  4t0inis) 

Pacific  gopher  snake  (P.  c.  catenifer) 

Pilot  black  snake  (Elaphe  obsoleta  ohsoleta) 

Red  milk  make  (iMmpropellis  doliala  syspila) 

Western  milk  snake  (£,.  d.  gentiUs) 

Western  long-nnsed  snake  iRhin()chril)i\  leconteilecontei) 

Black  racer  [Coluber  constrictor  constriclor) 

Blue  racer  (C.  c.  flaviventris) 

Western  ydlow-bellied  racer  (C.  e.  mormon) 

Desert  striped  racer  (Masticophis  taeniatus  taeniatus) 

Western  coaehuhip  {Mnsticnphis  ftagellum  ftavigularis) 

Great  Plains  garter  snake  (Thamnophis  radix) 

Eastern  garter  snake  {Thamnophis  sirUdis  rirtalis) 

\\  asIiiii<;ton  garter  snake  (T.  V.  tetrataenia) 

W'ainkiing  patter  snake  t'riiaiunnjihi.s  cli'ij^ans  vagrans) 

Western  hug  noscd  snake  {Heterodon  tiasicus  uastcus) 

Regal  ring-necked  snake  (Diadophis  regatis  reg^is) 

Desert  spotted  night  snake  {H\l>sii:lt  ua  torquata  deterticotii^ 

Copperhead  {Agkislrodon  contortrix) 

The  benefits  of  heat  and  moisture  conservation  that  rattlesnakes  secure  by 
aggregation  would  likewise  accrue  to  any  other  snakes  that  den  with  them,  which 
sufficiently  explains  their  presence.  There  is  little  or  no  enmity  between  them, 
although  one  or  two  of  the  species  might  rarely  eat  a  small  rattler  during  the 
active  season. 
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Other  Animals. — It  is  probable  that  the  associations  with  other  animals  that 
have  occasionally  been  re|)orte(l  are  more  lortuilous.  It  is  to  be  (louhted  whether 
these  go  beyond  the  other  animals'  accidentallv  m  Icc  tiiii^  an  adjacent  relugc. 

In  one  rattlesnake  den  we  found  1.'^  laiilesnakcs,  t  iiitiUs  2  -.kiinkv  and  a  swarin  of  bees 
with  a  lot  of  honey.  We  had  trouble  getting  the  snakes  out  l>ctatisc  uf  the  bees  and  had  to 
abandon  this  den.  We  have  also  found  mice,  mouse  snakes,  and  ooachwhtps  in  the  dens 
with  latttesnakes.  John  R.  Wood,  Brownwood,  Tex. 

o 

I  have  known  of  a  toad  ciew  l)iilld()zing  out  diit  in  a  loadwav  to  expose  a  den  of  snakes, 
all  more  or  less  dormant  from  the  cold.  In  with  them  were  several  live  but  dormant 
ground  squimls  unhanned  but  waiting  for  spring.  T.  I'.  Pearson,  V.  S,  Forest  Service, 
Salmon,  Idaho. 

I  have  found  skunks  and  snakes  denning  in  the  same  den  at  the  same  time.  /.  D.  Bankston, 
Mason,  Tex, 

y.  D.  Mitcliell  (1903,  p.  39)  claims  to  have  found  tortoises,  rabbits,  and  skunks 
hibernating  witli  rattlers.  Motl  (1936,  p.  3)  saw  a  scjuiirel  jump  out  of  a  den 
from  which  he  was  extricating  rattlers*  Messeling  (195S»  p.  21)  says  that  raccoons 
and  skunks  den  with  timber  rattlers  in  Wisconsin.  As  long  ago  as  1774,  Gold* 
smith  (vol.  4,  p.  131)  said  that  rattlesnakes  and  armadillos  den  together;  this 
has  lately  been  reiterated  by  Bealy  (1911,  p.  50).  Woodbury  and  Hardy  (1948, 
pp.  172,  192)  found  that  the  Great  Basin  rattlesnake  (C.  v.  lutostis)  and  the 
Mojave  Dcsei  t  sidewinder  (C.  r.  cerastes)  sometimes  use  the  dens  of  the  desert 
tortoise  {Gopherus  agassui)  as  winter  refuges. 


AGGRKGAllON  AND  DlSPliRSAL 
The  Denning  ^imuli 

The  denning  urge  in  rattlesnakes  seems  to  be  entirely  predirated  on  tempera- 
ture, a  fall  of  temperature  in  the  autunni  starting  them  toward  the  dens,  as  dis- 
cussed in  chapter  7  (p.  130).  Southern  species  often  do  not  hibernate,  as  noted 
by  Kau£Eeld  (1999,  p.  32)  in  Florida.  Our  own  observations  in  southern  Cali- 
fornia indicate  that  snakes  may  come  out  at  any  time  during  the  winter  if  the 
weather  is  fa\orable.  None  of  the  northern  species,  such  as  the  timber,  prairie, 
and  Great  Basin  rattlers,  which  hibernate  in  their  native  haunts,  shows  any 
signs  ol  winter  lethargy  under  the  artifuial  temperature  conditions  of  tlie  San 
Diego  Zoo.  Hauj^t  (1915,  p.  18)  calls  attention  to  the  dillertiKC  between  snakes 
and  a  mud  turtle  in  this  regard;  snakes  when  kept  warm  did  not  hibernate  but 
tlie  turtle  did.  C.  B.  Perkins  tells  me  that  this  experience  has  not  been  verified 
at  the  San  Diego  Zoo,  where  the  turtles,  under  our  mild  climatic  conditions, 
show  no  tendency  to  hibernate  in  winter. 

We  have  no  knowledge  of  what  stimuli  lead  rattlesnakes  to  the  same  refuge 
year  after  year.  Woodbury  (1951,  p.  11)  showed  that  the  same  rattlesnakes  did 
return  to  the  same  den  each  winter.  Bradford  (19  If),  p.  21)  says  that  the  return 
of  snakes  to  the  same  den  is  an  indication  of  territoriality,  a  sort  of  property 
right. 
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Advam  A(;i  .s  oi-  Aggregation 

The  (|TKsti()n  naturally  arises  as  to  what  a(l\ aiitagcs  rattlesnakes  gain  by  this 
gregai  iousness  at  the  time  ot  hiijcrnalion.  Sevcial  possible  benefits  may  be  men- 
tioned. One  aihanta^e  is  t;roup  ratlicr  than  indiviclual  cxjKrience  in  the  choice 
of  suitable  refuges;  and  the  al>iliiy  to  locale  the  same  den  year  after  year,  trans- 
mitted from  adults  to  the  young  that  trail  them.  There  may  be  some  protective 
advantage  against  enemies  when  the  snakes  are  congregated  about  the  dens, 
since  they  seem  able,  possibly  by  movement,  to  transmit  a  sense  of  alarm  to  each 
other.  For  those  that  mate  in  the  spring,  the  winter  concentration  is  of  definite 
value  in  providing  mates.  And  finally,  the  balling  up  within  the  den,  since  it 
decreases  the  ratio  of  area  to  mass,  has  the  advantage  of  conserving  both  moisture 
and  h(  at.  This  latter  point  has  been  discussed  at  length  with  respect  to  Sloreria 
and  certain  other  haiinlcss  snakes  by  Noble  and  Clausen  (I9^i<),  j).  271):  sec  also 
Clausen  (lOSli,  j>.  367)  and  C.  II.  Poj)C  (191(1,  p.  6).  Aggiegation  itsults  in  less 
moisture  loss  whether  from  skin  or  lungs,  and  there  is  a  lower  metabolic  rale, 
which  conserves  energy  in  the  form  of  fat. 

I  have  discussed  elsewhere  (Klauber,  1937,  p.  51)  some  statistical  data  on  loss 
of  weight  by  rattlesnakes  during  hibernation.  It  was  my  conclusion  that  adult 
rattlers  going  into  hibernation  in  autumn  are  about  4  per  cent  heavier  than  when 
emerging  in  the  spring.  Juveniles  lose  somewhat  over  20  per  cent  of  their  initial 
weight  during  hibernation.  There  is  virtually  no  increase  in  length  during 
hibernation. 

A.  M.  Jackley  was  of  the  opinion  that,  with  large  population  increases,  den 
concentrations  tiiight  become  detrimental.  .Some  inmates  might  be  crowded 
out  into  only  partly  proiectcd  fissures;  others  might  have  their  bodies  fatally 
entangled.  He  found  some  individuals  weak  and  emaciated  when  they  issued 
from  the  dens»  and  thought  some  of  the  females  carrying  eggs  into  their  second 
active  season  had  suffered  injury.  It  is  possible  that  overcrowded  dens  may  serve 
to  limit  popidation  growth.  Certainly  hibernation  is  a  season  of  hazard. 

Woodbury  and  Harvey  (1918,  p.  181)  have  called  attention  to  the  different  re- 
quirements that  must  be  satisfied  by  hibernating  dens  in  contrast  with  summer 
refuges.  I  he  latter,  usually  rock  crevices  or  manuual  holes,  are  luoie  casual  and 
fortuitous.  Since  they  arc  only  temjjorary  refuges  irom  heat  and  enemies,  they 
may  readily  be  abandoned  any  night  should  they  prove  unsuitable.  But  ihe 
winter  den  will  prove  a  death  trap  should  it  be  found  untenable  by  reason  of 
cold  or  moisture;  for,  once  the  snakes  have  entered  and  become  immobilized 
by  the  winter  temperature,  it  is  too  late  to  seek  safety  elsewhere.  Hence  the 
importance  of  the  collective  instinct  that  leads  the  annual  retreat  of  an  aggre- 
gation of  rattlers  to  the  same  den  year  after  year,  once  its  suitability  has  been 
tested  and  proved  by  trial. 

.Sunnnai  i/ing  the  denning  habits  of  the  rattlesnakes,  we  may  c  tinc  lude  that  they 
arc  deteiniined  hugely  by  the  winiei  (ontlitions  that  nmst  be  nu  t,  and,  to  a 
smaller  degree,  by  normal  habitat  preferences.  A  long  severe  winter  rctjuires  a 
den  that  rigidly  adheres  to  certain  essential  qualities:  it  must  furnish  a  space 
below  the  frost  line,  protected  from  the  entrance  of  moisture  and  drafts.  Since 
the  requirements  are  severe,  suiuble  dens  may  be  hard  to  find  and  hence  may 
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be  widely  sepaiatctl.  For  this  reason,  the  population  per  den  is  likely  lo  he  large, 
hotli  because  of  the  ,i;rt  ak  r  aK  a  irom  wlii(  h  the  refugees  are  drawn  and  because 
of  the  necessary  dependence  on  gioup  experience.  In  milder  climates,  denning 
is  more  a  matter  of  comfort  than  survival,  and  thus  improvised  refuges  are  the 
rule,  for  almost  any  rock  acvicc  or  mammal  hole  will  sullice.  But  some  differ- 
ences in  denning  habits  result  from  differences  in  summer  habitats.  Fcht  example, 
the  timber  rattler  seeks  appropriate  dens  amid  the  rock  ledges  that  comprise  its 
summer  range;  and,  in  the  same  severe  climate,  the  massasauga  finds  its  winter 
refuge  in  the  swamps,  wherein  it  passes  its  active  life  in  summer. 

Vols0e's  studies  of  the  hibernation  of  the  European  viper  (1944,  pp.  12-16) 
are  of  interest  in  showing  many  points  of  parallelism  with  the  activities  of  rattle- 
snakes. Some  items  upon  which  his  data  arc  more  complete  and  accurate  than 
those  available  on  rattlesnakes  are  as  follows: 

\  ijH  ts  issue  fioin  l)il>crnation  on  the  first  sunny  days  after  the  maximum  temperature 
lias  reached  8"  C.  (46.4"  F.). 

Entrance  into  hibernation  is  less  definitely  fixed  by  temperature,  but  probably  occurs 
when  the  maximum  teni|>rrature  sinks  below  8'  C.  or  possibly  9M0*C.  {48'-50*F.). 

Tlic  avcrat,'c  (liiiation  of  liil)crnation  in  Denmark  is  150  days. 

\  ipcis  do  nui  "!»lcqj"  like  hibernating  manunais;  they  are  nietely  in  a  state  of  low  activity 
or  torpidity  because  of  the  low  temperature. 

Cold  winters  may  actually  be  more  favorable  than  mild — ^provided  a  Tatal  temperature 
l)c  not  renrhed  nt  tlie  subterranean  place  of  hibernation— <ince  the  reduced  metabolism 
at  the  lower  temperature  involves  less  fat  consumption. 

Vipers  probably  cannot  survive  a  body  temperature  lower  than  a  few  degrees  below 
freezing. 

Summer  Ranges  and  TERRrroRiALrrv 

Closely  related  to  the  spa(  ing  of  hibernating  dens,  and  tlieir  re])eated  use  by  the 
same  individuals  year  alter  year,  are  questions  ol  the  homing  instinct,  terri- 
toriality, and  similar  factors  which  have  been  shown  to  be  of  such  importance 
in  the  lives  of  many  birds  and  mammals.  It  is  known  that  rattlesnakes  disperse 
from  their  winter  quarters  and  spread  out  through  their  summer  ranges.  Even 
if  the  average  distance  traveled  be  less  than  a  mile,  it  will  be  obvious  how 
scattered  the  sunmier  population  must  be  compared  with  the  lying-out  con- 
centration at  a  den.  At  a  den,  the  population  may  reach  1,000  rattlers,  crowded 
within  a  space  of  less  than  an  acre.  If  the  same  den  represents  the  assemblage  of 
the  lattlers  from  a  mile  around,  the  population  density  in  summei  woukl  be 
one  rattlesnake  on  each  2  acres,  which  shows  why  summer  snake  collecting  is 
so  meager  in  yield  compared  with  den  raiding. 

Homing  instincts  and  summer  prowling  ranges  can  be  ascertained  only  by  the 
marking  and  repeated  recapture  of  the  snakes.  The  methods  to  be  used  in  such 
researches  have  been  described  by  Blanchard  and  Finster  (1933,  p.  344),  Imler 
(1945,  p.  271),  Carlstrdm  and  Edelstam  (1946,  p.  748),  Stickel  and  Cope  (1947, 
p.  128),  Woodbury  (1918.  p.  127).  Conant  (1018,  p.  1),  Fitch  (1949a,  p.  514),  Hill- 
court  (1950,  p.  1 ')()),  and  Woodbury  (1951,  p.  5).  The  woi  k  of  \Voodbiuy  and 
his  associates  (1951,  p.  8)  with  Circat  Basin  rattlesnakes  (C.  v.  lutosus)  has  demon- 
strated that  the  same  uuli\  idual  rattlesnaki  s  do  rc  sol  t  to  ilie  same  den  year  after 
year,  and  hence  show  a  homing  instinct,  as  far  as  hibernation  is  concerned. 
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However,  suinmcr  captures  of  marked  snakes  had  not  yet  been  made  by  Wood- 
burv',  so  that  the  relationship  of  the  den  to  the  summer  range  was  not  established. 

A.  M.  |;uklc\  of  Picric,  South  Dakota,  has  thus  described  the  dispersal  of 
prairie  raulcsnakcs  {C.  v.  viridis)  from  their  winter  refuges: 

Mv  stiulios  indicate  that  in  the  spring,  as  a  rule,  the  snakes  leave  the  dens,  which  are 
located  ill  l>uites  or  ridges,  in  one  general  direction.  Sometimes  they  go  away  for  consider- 
able distances  befwe  spreading  out  I  do  not  think  this  is  the  rule  where  they  hibernate 
in  pnirie-dog  towns,  partiodarly  if  on  level  or  gently  rolling  prairies.  There  are  many 
cases  where  snakes  are  frequently  encountered  a  mile  or  so  to  one  side  of  the  den,  whereas 
they  arc  rarely  seen  in  the  opposite  direction.  Naturally,  these  snakes  cannot  hunt  col> 
lectivdy,  tor  each  one  is  on  his  own;  neverthdess.  they  do  gather  where  food  is  most 
plentiful  and  this  accounts  for  considerable  concentrations.  The  facts  arc  that  (he  areas 
infested  with  these  snakes  are  so  spotted  that  one  cannot  calculate  the  population,  or 
determine  their  distribution  in  summer. 

I  have  found  in  most  localities  that  the  rattlesnakes  have  what  I  call  summer  feeding 
grounds.  This  fact  has  often  l>cen  observed  where  pain  has  been  planted,  which,  of  couxse. 
attracts  mice  and  other  rodents.  l  ast  vear,  as  an  example  of  this,  a  farmer  put  in  fiO  acres 
of  oats,  which  was  shucked  and  'M  days  later  was  threshed.  Eighty-odd  snakes  were  killed 
when  the  grain  was  thiedied.  This  is  a  little  out  of  the  ordinary  in  the  way  of  a  feeding- 
ground  concentration,  but  it  is  a  rule  that  within  a  mile  or  even  mure  from  a  den,  where  a 
larpe  colony  hibernates,  many  of  them  will  concentrate  in  favorable  feeding  areas.  Often- 
times the  feeding  grounds  may  be  within  a  mile  of  the  den,  but  in  other  casc:$  considerably 
farther.  There  isn't  anything  like  an  equal  distribution  over  an  area  in  the  vicinity  of  a  den. 

Sweet  (1951,  p.  5\)  reports  that  in  Montana  tlic  prairie  rattlesnakes  that  have 
hibernated  in  liiiusione  ledges,  scatter  for  tfie  siiniiiier  over  sage  and  hay  mead- 
ows. Soine  ^vriicis  have  visualized  a  dcfinile  ptjpulatioti  iiiovenuiu  during  the 
summei,  (juite  aside  iroin  the  regular  migrations  to  and  Irom  the  winter  dens. 
The  timber  rattler  (C.  h.  horridm)  is  often  stated  to  come  down  to  the  streams 
in  the  late  summer,  and  a  similar  journey  has  been  attributed  to  the  prairie  rattle- 
snake (C.  V,  viridis)  in  Montana  (Mosimann  and  Rabb,  1952,  p.  26).  Further 
studies  will  be  required  to  verify  these  habits.  This  phase  of  the  problem,  as 
affected  by  temperature,  has  been  discussed  elsewhere  (pp.  430,  434). 

Stephen  H.  Harwig  of  Pittsburgh  made  extensive  studies  of  the  activities  of 
the  limber  rattlesnake  {C.  h.  horridits)  in  western  Pennsylvania.  He  ol)scrved  them 
both  at  their  d(  ns  during  the  lying-out  periods  in  fall  and  spring,  and  also 
during  tlieir  summer  dispersal.  Upon  their  habits  in  the  latter  season  he  had 
this  to  say: 

May  is  the  best  time  of  year  to  hunt  at  the  dens,  but  always  the  weather  sets  the  pace. 
As  a  matter  of  tact,  many  snakes  remain  in  the  vicinity  of  some  dens  all  summer,  so  that 
the  take  in  May  or  September  will  only  be  2  or  S  times  as  many  rattlers  as  can  be  collected 

in  the  same  piaic*-  in  June,  July,  or  .Vugust.  Some  rattlers,  particularly  females,  seem  to 
Slay  at  the  dens  all  summer;  especially  is  this  true  if  the  dens  arc  only  partly  sliaded  and 
have  a  good  low  bnish  cover,  diiefly  huckleberry,  with  plenty  of  small  mammals  nearby. 

In  May  and  during  favorable  weather  in  June,  July,  and  August,  one  may  find  a  rattler 
or  two  everv  200  to  1,000  feet  on  rocky  iiillsides  in  Canjcron  Cotmty,  Pennsvlvania; 
whereas  in  some  other  Pennsylvania  areas  you  may  iind  nothing  in  half  a  mile  of  fair- 
looking  hillside,  and  then  find  5  to  15  in  a  10-  to  50-£oot  stretch.  They  do  not  scatter  evenly 
in  summer.  At  some  dens,  I  have  seen  greater  concentratitms  in  Jtdy  and  August  than  in 

the  spring.  Such  summer  ^atbcrin^  apparcndy  are  nut  annual,  but  may  OCCUr  by  chance 
aliened  by  favorable  temperature  and  food  conditions. 
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I  generally  do  not  find  a  rattler  in  an  entire  season  except  in  the  rocky  den  country,  al- 
though nearby  residents  and  timber  cullers  find  them  elsewhere  from  June  until  about 
mid-September.  Old  stone  walls,  deserted  £arm  buildings,  saivdust  and  slab  piles,  arc 
favorite  summer  resorts,  as  shed  skins  testify.  Although  it  b  probable  that  many  rattlers 

stav  alonp;  the  streams  in  sumnirr.  the  reports  one  hears  tcn<l  to  exaggerate  their  preva- 
lence there  because  the  fishennen  and  hunters  also  follow  the  streams.  Woodcutters  and 
berry  pickers  report  plenty  of  rattlers  on  high  dry  flats,  and  in  sunny  dcarings  distant 
from  streams.  I  ha\e  no  information  on  how  far  rattlers  range  away  from  their  dens  in 
SUnuner,  hut  believe  it  to  l)e  I  to  2  miles.  Some  arc  killed  in  f.irmiiit^  cniinirv  3  to  5  miles 
from  any  known  dens,  but  they  ma)  have  louiul  suitable  incli\ichial  winter  refuges  nearby, 

Mr.  Harwig  has  kindly  supjDlicd  me  with  the  statistics  of  his  rattlesnake  hunts 
in  western  Pennsylvania  during  the  years  of  1947  to  1953,  inclusive.  These  hunts 


TABLE  8:6 

Observations  ok  Timber  Rattlesnakes  (C.  h.  horridus)  by 
STEniKN  H.  HaKWIO  in  WbSTEBN  PBimSTLVANlA.  1947-1063 


Sorties 

Miles 

Hours 

Rattle- 

Rattlers 

lUttlers 

HoBth 

■foot 

■foot 

afoot 

•mkconen 

per  mile 

per  hour 

12 

20 

21 

8 

0.40 

0.38 

May  

68 

182 

103 

212 

1.16 

1.10 

June  

44 

113 

120 

66 

0  58 

O.^.'S 

July  

34 

101 

109 

72 

0.71 

0.61 

42 

101 

118 

86 

0.85 

0.73 

73 

174 

183 

157 

0.90 

0.86 

12 

36 

.37 

4 

0.11 

0.11 

285 

727 

781 

606 

0.83 

0.77 

were  made  at  or  near  the  winter  dens.  The  results  are  sumniari/ed  in  tabic  8:6 
and  indicate  that  tlic  population  ]ie:iks  (in  ivvms  of  rnitlesnakcs  .seen)  arc  much 
le-ss  accentuated  in  the  case  of  the  timber  rattlesnake  (C.  h.  horridu.s)  than  the 
western  rattlesnake  (C  firidis)  and  its  subspecies.  No  less  than  285  separate  sorties 
afoot,  amid  trees,  underbrush,  and  rocks,  are  reprcscnied  in  this  table.  It  is  ap- 
parent that  the  timber  rattler  tends  to  concentrate  in  smaller  numbers  in  winter, 
and  remains  doser  to  rocky  hillsides  in  summer,  than  do  the  western  forms  sub- 
jected to  similar  climatic  conditions. 

MacQuarrie  (I94I,  p.  83)  believes  that  horridus  in  Wisconsin  follows  a  regu- 
lar course  in  going  from  one  sunning  or  feeding  spot  to  another  in  summer. 

One  |)robleni  that  arises  with  respect  to  the  sininner  activities  of  rattlesnakes 
is  the  extent  to  which  thev  adhere  to  some  suimner  operatint^  heathjiiariers — 
if,  indeed,  ihcy  have  sucli  a  base  of  opcialions — and  tlic  space  that  they  cover 
in  their  summer  rambles  in  search  of  food.  Do  they  exercise  what  is  known  as 
territoriality,  that  is,  the  defense  of  an  area  against  other  rattlesnake  trespassers? 

It  is  well  known  that  many  animals  make  a  practice  of  defending  a  specific 
territory  that  they  consider  their  own  against  the  encroachments  of  others  of 
their  own  species.  This  territoriality  is  sometimes  established  on  a  pair  or  family 
basis,  sometimes  as  an  individual  claim.  It  is  primarily  for  the  purpose  of  staking 
a  claim  to  all  the  suitable  food  within  the  area,  but  may  be  partly  for  the  reser- 
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vation  f)!  rdugcs,  nesting  .sites,  or  food  storage.  It  is  tlu'  coninion  pradiee  ot 
such  diverse  creatines  as  coyotes  and  mice,  hawks  and  huuuniiig  birds,  alli- 
gators and  fence  lizards. 

Dixon  (1937,  p.  49)  has  shown  how  an  area  of  many  hundreds  of  square  miles 
has  been  divided  into  a  pattern  of  definitely  outlined,  contiguous  plots,  each 
used  as  a  feeding  range  and  defended  by  a  single  pair  of  golden  eagles.  He 
studied  a  compile  of  27  of  these  plots  that  varied  in  size  from  19  to  59  square 
miles,  with  an  average  of  3().  In  contrast,  the  territories  claimed  by  smaller, 
slower-moving  creatures  may  contiiin  hut  a  few  hinuhed  scjuare  feet. 

W.  II.  Bull  (H)l.'),  p.  -Ml))  distinguisheil  ht iwccn  the  home  lange  ol  a  creatine 
and  the  defended  territory,  the  latter  being  smaller.  I  he  lion)e  lange  is  an  area 
over  which  the  animal  may  regularly  wander,  but  which  it  may  share  with  others; 
the  defended  territory  is  an  inner  core  within  which  any  trespass  of  its  fellows 
will  be  opposed.  When  the  term  "territoriality"  is  used  to  indicate  an  objective 
exercised  by  an  animal,  it  has  reference  to  an  active  resistance  to  invasion. 

Studies  of  how  closely  snakes  adhere  to  specific  areas  are  difficult  to  make 
because  of  the  ophidian  tendency  to  remain  hidden  much  of  the  time.  The  best 
results  have  been  attained  with  small  snakes  that  take  refuge  under  such  things 
as  boards,  stones,  or  otfier  flat  objects,  thus  facilitating  their  reraptnre.  Among 
the  papers  presenting  apj)ropriate  data  on  snakes  are  those  ol  HIancliard  and 
Finster  (1933,  p.  334),  Noble  and  Clausen  (lOSH.  p.  2G9),  Blanchard  (  I'J:57,  p.  151). 
Imler  (1915,  p.  265),  Seibert  and  Hagen  (l'J17,  p.  0),  and  Stickcl  and  Cope  (1917, 
p.  127).  Although  the  evidence  is  not  entirely  consistent,  the  probability  is  that 
snakes  do  have  home  ranges.  On  the  other  hand,  the  tendency  of  snakes  to  aggre- 
gate, whether  in  winter  dens  or  in  more  temporary  summer  refuges,  makes  it 
appear  highly  doubtful  that  there  is  any  territorial  defense. 

So  far,  little  work  of  this  kind  has  been  done  on  rattlesnakes.  Mosauer  (1933, 
p.  16)  expressed  doubt  that  the  sidewinder  had  any  regular  range  or  even  a 
permanent  refuge,  but  tliought  rather  that  it  traveled  over  the  desert  at  random 
each  night.  One  might  travel  as  far  as  2,000  feci  in  a  single  night  (1933r,  p.  22). 
Vet  S.  H.  Walker,  a  prolessional  snake  collectoi"  operating  in  the  sand  dunes 
near  Indian  Wells.  Riveisidc  County.  (  alifornia,  told  Mosauei  (19'!5b,  p.  21) 
that  each  western  ilianionti  {^C^.  atrux)  had  a  more  or  less  permanent  refuge  in  a 
particular  mesquite  thicket  The  snake  would  travel  to  and  from  this  each  night 
over  a  definite  route  from  bush  to  bush,  following  almost  the  same  course  on 
its  return,  thus  establishing  a  regular  trail  used  repeatedly  by  the  same  snake. 
In  one  case  a  pair  of  rattlers  traveled  together  over  parallel  tracks.  Walker's 
observations  tend  to  confirm  adherence  to  a  home  range  in  this  sj>ecies. 

Important  studies  of  the  prowling  range  and  homing  instincts  of  the  northern 
Pacific  rattlesnake  (C.  v.  oref;;nnus)  were  reported  on  by  Horn  and  Fitch  (1942, 
p.  121)  and  by  Fitch  (1919a.  p.  539).  Successive  captures  oi  150  individuals  laken 
a  total  of  359  times  were  lecorded.  The  snakes  were  marked  bv  clij)])ing  subtaudal 
scales  so  that  each  individual  could  he  identified  upon  retapiuic  (Fitch,  1949a, 
p.  514).  As  tlie  winter  temiJeratures  are  relatively  mild  on  the  San  Joacjuin  Experi- 
mental Range  where  these  studies  were  made,  the  rattlers  did  not  congregate  for 
winter  hibernation,  so  that  correlations  between  dens  and  summer  ranges  were 
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not  established.  However,  the  investigation  did  establish  the  following  important 
facts  regarding  summer  prowling: 

1)  There  was  tmith  variation  in  the  extent  of  travel.  One  snake  moved  U  mile  ovcinight, 
but  most  had  much  more  limited  orbits.  There  Avas  a  tendency  to  wander  progressively 
farther  from  llie  point  of  first  capture  as  more  time  elapsed. 

2)  Some  individuals  moved  drcuitoudy  and  by  slow  stages,  using  boulder  piles  or  squirrel- 
biinow  "^vstcms  as  focal  points.  But  fmally  the  snake  would  wander  away,  leaving  this  head- 
quarters for  others,  more  or  less  permanently.  I'hc  successive  headquarters  were  separated 
by  only  moderate  distances.  It  could  not  be  established  whether  there  was  a  regular  long- 
term  route  involving  a  return  to  the  original  center  of  operations,  but  prabably  there  was 
no  such  return. 

3}  Of  the  156  marked  snakes  recaptured,  two  had  moved  more  than  a  iiiilr.  1 1  others  more 
than  half  a  mile,  and  14  others  more  than  a  quarter  mile.  The  gieai  majority.  126.  had 
tnvd^  less  than  a  quarter  mile,  and  52  of  these  less  than  100  yards.  The  time  element  in* 

volved  in  121  of  these  recapture";  \aricd  from  one  iimnth  to  <>  \ears.  I  lure  uas  a  definite 
lack  of  a  wandering  tendency:  rather  there  was  a  disposition  to  remain  within  small  areas. 
One  rattler  marked  when  a  subadult,  was  found  in  the  same  ro<k  ]>ile  G  years  and  14  days 
later. 

■1)  The  males  ranged  favilier  than  the  females. 

5)  Young  tended  to  wander  into  new  and  more  distant  areas  to  a  greater  extent  than 
adults. 

6)  There  was  a  complete  lade,  of  any  homing  tendency  in  snakes  rdeased  at  some  distance 
from  the  point  of  capture. 

Although  Fitch  did  not  demonstrate  the  existence  of  a  homing  instina,  that 
is,  a  tendency  to  return  when  removed  from  an  accustomed  range,  his  results  do 
indicate  a  definite  territorial  conservatism,  that  is  a  restriction  of  wmdering  or 
prowling  to  a  relatively  small  area.  There  was  no  vcrirtcation  of  Hudson's  unsup 

ported  statement  (1919,  p.  22)  that  the  homing  instinct  is  strong  in  most  snakes. 

It  is  cvidcni  that  where  rattlcis  tr;i\c  l  considerable  distances  to  reach  tlicir  dens, 
as  is  tlicir  practice  in  coltkr  cliiiuiies,  ilie  statistics  of  the  distances  traveled  would 
be  dc|)cntk'nt  on  wht  ihei  the  mai  ked  snakes  wt  le  rc  pcaicdiy  caught  when  con- 
centrated at  the  dens,  or  when  scattered  over  tlieir  suiniuer  ranges,  or  botli. 

From  these  somewhat  inadequate  data,  we  may  conclude  that  rattlesnakes  prob- 
ably have  home  ranges,  or  at  least  favorite  refuges  to  which  they  habitually  or 
occasionally  repair,  but  that  they  do  not  have  a  defended  territory,  from  which 
other  rattlers  are  driven  away.Thc  so-called  male  dantc,  a  pattern  of  harmless 
and  indecisive  combat  indulged  in  between  male  rattlesnakes,  is  interpreted  as  a 
sexual  expression,  ratlier  than  one  of  territoriality,  and  is  discussed  in  diaptcr 
10  on  reproduction  (p.  703). 

Accidental  Dispersal.  Migration 

In  addition  to  the  seasonal  population  niovcniciit»  ju»i  Ui$cu»scd,  tlicrc  may  be 
forced  or  natural  migrations  over  greater  distances.  Rattlers  are  known  to  swim 
readily  (p.  496).  They  are  quite  buoyant  and,  because  of  their  low  rate  of  metab- 
olism, are  difficult  to  drown.  It  is  to  be  supposed  that  many  would  survive  a 
turbulent  river-flood,  even  if  thcie  were  no  brush  or  debris  upon  which  to  ride. 
Tints  there  is  liiilc  doubt  tliat  floods  involsc  an  important  means  of  disjKrsal, 
as  is  evident  from  ihc  lollowin_s;  extracts  fioiii  kliers,  as  well  as  from  |)ublished 
data.  It  is,  however,  to  be  noted  that  the  involuntary  colonists  olien  find  the  new 
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habitat  conditions  unsuitecl  to  them  and  thcielore  a  permanent  range-extension 

is  not  established. 

There  arc  a  Lew  scattered  rattlesnakes  roundabout,  but  not  many.  Quite  a  few  were  found 
at  a  point  two  mfles  south  of  Grand  Island,  thought  due  to  a  river  flood  bringing  them  down 
from  the  west.  £.  A.  Toft,  Grand  Idand,  Nebr. 

■o- 

Immrrliatciv  after  tlic  Hooci  of  1935  many  ratders  were  found  along  the  Republican  River. 

F.  N.  ll'iland,  McCook,  \ebr. 

•o 

Rattlesnakes  have  been  reported  here  from  time  to  time,  hut  todav  there  are  verv  few,  if 
any,  in  Saunders  County.  Early  settlers  say  that  they  had  killed  them  off  before  1900.  During 
the  flood  of  the  Republican  River  about  fifty  prairie  rattlesnakes  were  reported;  outside 
of  these  I  haven't  heard  that  any  snakes  of  this  spectes  have  been  found  near  here.  5.  Cltiy 
Coy,  Wahoo,  Nebr. 

H.  S.  Fitch  (1936,  p.  651)  states: 

At  Gold  Beach  [Curry  County,  Oregon]  I  was  told  that  rattlesnakes  were  not  of  regular 
occurrence  there,  but  that  several  individuals  found  at  different  times  evidently  had  been 
brought  down  the  river  on  floating  driftwood. 

This  is  worthy  of  note  since  rattlesnakes  do  not  normally  occur  in  this  coastal 
section  of  Oregon.  Another  report  of  the  same  kind  is  this: 

We  have  had  sporadic  rattlesnake  occurrences  almost  to  the  coast— evidently  a  migration 
enforced  by  a  flood,  or  an  aoddental  cany  or  stowaway.  Such  transients  would  not  survive  a 

coastal -slope  winter    at  least  T  dn  not  believe  thcv  would — and  must  be  considered  acci- 
dental colonist!!,  rather  than  permanent  inhabitants.  Richard  J.  Grace,  Portland,  Oreg. 

o- 

Mr.  Huber,  our  engineer,  who  formerly  lived  at  Knights  Landing  in  the  Sacramento  Valley, 
tdls  me  that  he  observed  ratdesnakes  coming  down  on  driftwood  during  flood  stages  of  the 
Saoamenio  River.  Norman  J.  Farrell,  V.  S.  Forest  Service,  Sfiasla,  Calif, 

A  similar  condition  was  described  in  a  newspaper  item:  "Ck>lusa,  Calif. — ^Fol- 
lowing the  first  heavy  rains  of  the  season,  numerous  rattlesnakes,  apparently 
( aught  by  rising  waters  north  of  Redding,  have  floated  down  the  Sacramento 
River  on  logs.  Two  or  three  rattlers  are  sometimes  seen  on  one  bit  of  floating 

debris." 

Hallock  (1905,  p.  292)  ic])oiic(l  from  .Saii  I)ic_i;o  Coiiiitx  that  rattlers  could  be 
.seen — from  bridi^es- Healing  seawaid  altei  seveie  s]jriiig  Hoods.  I  lieard  the  same 
stories  at  the  time  oL  the  floods  oi  1916,  when  rattlers  were  reported  in  numbers 
in  the  debris  at  the  mouth  of  the  San  Diego  River.  These  floods,  with  little  doubt, 
are  the  reason  for  the  occasional  presence  of  speckled  rattlers  (C.  m.  pyrrhus) 
along  the  coast  in  this  county.  They  seem  unable  to  obtain  a  permanent  foothold 
here,  their  regular  range  beginning  several  miles  back  from  the  coast  at  about  the 

I,  000-foot  contour. 

Watle  (1900.  p.  ,505)  tells  of  a  laborer  in  urban  Pittsburgh  who  was  bitten  while 
working  in  a  steil  nn'II,  the  aiiidcnt  of  timing  in  a  district  from  whith  rattlers 
had  long  been  absent.  He  contl titles  thai  the  snake  had  l)een  brought  down  the 
Allegheny  River  during  a  flood  a  few  days  before.  Clench  (1925,  p.  40)  records 
the  case  of  an  eastern  diamondback  drifting  to  Sanibel  Island,  Florida,  on  a 
floating  island  of  water  hyacinth,  the  trip  involving  some  27  miles.  Dobie  (1926, 
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p.  52)  found  no  rattlers  drowned  when  some  flat  land  was  flooded,  and  presumed 
that  they  had  taken  refuge  in  bushes  and  luinunocks.  l  ixicr  (1910.  77,  but 
written  in  IS-l'l)  said  that  rattlers  were  often  seen  swiinniing  in  the  Mississippi 
River  in  times  of  liood,  and  that  many  were  seen  gathered  as  refugees  on  high 
ground. 

Hurter  (1911,  p.  210),  at  West  Prairie,  Madison  County,  Illinois,  during  a 
season  of  high  water  along  the  Mississippi,  collected  59  massasaugas  (S.  c.  catenatus) 
in  about  two  hours.  The  water  was  only  three  to  six  inches  deep  and  the  snakes 

had  sought  the  hinli  spots.  Some  seemed  quite  exhausted;  e\  icl(  nth  even  this 
swamp-inhabiting  form  cannot  swim  for  long  periods.  No  doubt  with  swifter 
water  or  debris  on  which  to  find  refuge,  many  would  have  been  carried  down- 
stream for  long  distances. 

That  rattlers  may  be  endangered  if  the  teniperatuie  of  the  water  is  low  enough 
to  stiffen  the  muscles  is  evident  from  the  following  report: 

Speaking  of  temperature  reminds  me  of  a  question  that  has  Ix'cn  pu//liiig  me  and  un  wliich 
I  seem  to  find  little  information.  Can  a  rattlesnake  drown  in  cold  water  just  because  of  the 
water's  temperature?  On  three  separate  occasions,  while  traveling  on  the  Red  Deer  River 
by  boat,  I  have  come  upon  rattlers  wliith  seemed  to  Ix-  drowning.  They  were  turning  over 
and  over  in  the  current  and  seemed  most  of  the  time  to  be  on  their  backs.  On  all  three 
occasions  the  water  was  cold.  I  saw  one  in  June  (in  cold  floodwater  from  the  Rodcies)  and 
the  other  two  in  September  when  the  water  was  cold  l)ecause  of  the  time  of  year.  When 
taken  out  of  the  wafer  these  snakes  seemed  dull  and  stiff.  They  could  move  onlv  very 
slowly.  When  dropped  back  into  the  water  they  were  unable  to  keep  their  heads  up  and 
began  to  writhe  dowly  and  stiffly  as  the  current  rolled  them  over  and  over.  When  taken 
out  of  the  water  and  exposed  to  the  warmth  of  the  sun  they  became  more  active.  Except 

for  being  stiff  they  seemed  norninl  in  everv  wnv. 

On  one  of  the  occasions  I  iiad  an  urgent  errand  on  the  farther  side  of  the  river  and  left 
the  rattlesnake  in  the  bottom  of  the  boat  when  I  tied  up.  Before  I  left,  it  several  times 
tried  feet>ly  to  crawl  up  the  side  of  the  boat  but  failed  miserably.  When  I  returned  a1x>ut 
an  hour  later  the  snake  was  gone,  so  it  had  apparently  regained  enough  strength  to  escape. 
James  If.  Chapman,  Empress,  Alia, 

Another  effect  of  water  may  be  to  drive,  rather  than  carry,  rattlers  into  new 
territory: 

Several  people  have  informed  me  that  rattlesnakes  are  very  common  this  year  around  Friani 
Dam  where  the  backed  up  water  of  this  new  reservoir  has  driven  them  out  of  the  lowlands. 

F.  T.  Scot  I,  Visalia,  Calif. 

A.  M.  Jackley  found  the  following  conditions  at  Fort  Peck,  Montana: 

When  the  water  rose  in  the  reservoir,  a  considerable  numlwr  of  prairie  rattlers  took  refuge 
in  the  face  of  the  dam.  I  liis  is  a  jagged  mass  of  large  blocks  of  granite  and  extends  for  over 
a  mile.  While  not  a  suitable  place  for  these  snakes  to  winter,  it  was  used  as  a  last  resort, 
and  some  of  the  snakei  survived.  The  top  of  the  dam  is  to  be  covered  with  another  six 
feet  of  earth  and  gravel,  and  machinery  is  moving  back  and  f<irth  on  top  of  the  clam  con- 
tinually. The  trouble  is  that  some  of  these  snakes  are  leaving  the  dam  and  coming  into  the 
town  where  there  arc  many  children.  But  there  are  comparatively  few  of  them  and  they 
should  soon  be  exterminated. 

^fcnger  (11K)'5,  jj.  115)  reported  that,  as  a  result  of  flood  conditions  in  Texas, 
rattlers  were  tarried  into  farms  and  pastures  front  which  they  had  been  absent 
for  years. 
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Aside  from  the  dispersal  by  floods,  presumably  the  migration  of  snakes  into 

new  territories  largely  results  from  their  seeking  an  increased  food  supply,  a 
much  slower  type  of  (lis])crsal  than  that  protUucd  by  a  flood.  Sometimes  they 
follow  the  rodents  wlicn  these  are  increased  by  more  suitable  conditions  resulting 
from  irrigation. 

I  have  caught  or  killed  14  rattlers  within  ^  mile  of  my  house  this  season,  where  I  had 
killed  only  two  in  the  two  yean  before.  I  suppose  this  is  accounted  foi  by  their  coming  in 
either  for  water,  or  else  following  their  food  supply,  which  has  moved  closer  to  our  inigated 
fields.  H.  O,  Burton,  Jacumba,  Calif. 

Some  people  believe  that  bridges  afford  access  to  new  territories,  but  this  is  to 
be  considered  highly  doubtful.  The  following  is  an  example  o£  such  supposition: 
"The  general  opinion  is  that  rattlers  will  be  seen  north  of  the  Missouri  River 
here  in  Montana  in  a  few  years  due  to  the  auto  bridge  recently  built." 

Newspaper  accounts  occasionally  report  grass  and  forest  fires  as  agencies  of 
dispersal,  the  rattlers  presumably  being  driven  out  of  the  devastated  areas.  This 
is  to  be  doubted,  as  the  snakes  are  too  slow-moving  and  also  could  not  know  in 
what  direction  to  flee.  A  few  no  doubt  escape  by  taking  to  ground  holes,  and  a 
shorts^  of  food  may  lator  cause  these  to  leave  a  devastated  area. 

That  man  and  his  accessories  may  be  either  a  conscious  or  unconscious  agency 
of  dispersal  is  undoubtedly  true: 

Old-timers  say  that  the  only  ntder  ever  found  here  was  thought  to  have  been  brought  in 
with  a  load  of  hay.  O.  K.  TMlehmig,  Sissetofif  S,  Ooik. 

-> 

I  have  known  hoys  10  inilcs  wrst  of  Nfnndan,  to  lie  punished  for  catching  rattlesnakes  and 
bringing  them  into  the  city  to  set  free.  Blair  E.  Seitz,  IVahpeton,  N.  Dak. 

Vorhics  (1928,  p.  182)  has  disrusscd  the  confusing  range  records  that  have  re- 
sidted  when  tourists  have  hauled  animals  about,  and  then,  having  tired  of  them, 
Jiave  released  them  far  from  their  nattiral  haunts.  R.  S.  Palmer  (1946,  p.  3)  men- 
tions the  finding  of  a  frozen  diamondback  in  Maine  in  Deiember,  evidently 
thrown  from  a  passing  automobile.  This  species  does  not  occur  naturally  north 
of  the  Carolinas. 

Others  escape  from  zoos  and  circuses.  T.  £.  B.  Pope  (1929.  p.  167;  1930,  p.  281; 
1931,  p.  327)  has  described  in  considerable  detail  the  evidence  as  to  the  source 
of  a  colony  of  western  diamond  rattlesnakes  (C.  atrox)  that  became  established 

5  miles  west  of  Viroqua,  Vernon  County,  Wisconsin,  far  from  the  normal  range 
of  this  species.  It  appeared  that  the  snakes  originally  escaped  from  a  circus  in 
the  vicinity  of  Pittsville,  Wood  Ciounty,  sometime  between  1023  and  1027.  \V. 
E.  Dickinson,  of  the  Milwaukee  Pid^lic  Museum,  advised  me,  imder  date  of  May 
25,  1945,  that  the  fate  of  this  colony  was  then  somewhat  uncertain.  1  wo  addi- 
tional specimens  had  been  killed;  and  as  late  as  1943  a  newspaper  report  from 
Caledonia  Township  described  the  killing  of  a  rattlesnake  probably  too  large 
to  have  been  a  timber  rattler.  More  recently  (Nov.  16,  1953)  Dickinson  wrote 
me  that  the  Vernon  County  colony  had  almost  certainly  died  out«  as  there  had 
been  no  further  captures  in  the  meantime.  Howe\er  there  had  been  reports  of 
diamondbacks,  no  doubt  escapees,  from  Kenosha  County,  in  the  southeastern 
corner  of  the  state. 
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Bryant  (1915,  p.  48)  thought  that  the  southern  Pacific  rattlesnakes  on  Santa 
Catalina  Island,  off  the  coast  of  southern  California,  were  broui^ht  in  by  man, 
for  the  old-timers  told  him  there  had  been  none  until  hay  ^vas  shipped  in  for 
domestic  animals.  The  snakes  were  first  seen  around  barns  and  then  took  to  the 
hills.  However,  this  is  to  be  questioned,  as  a  spe(  imcn  was  collected  by  Schumacher 
on  Catalina  as  early  as  1878  (Yarrow,  1883,  p.  76),  long  before  the  time  of  which 
Bryant  speaks.  Besides,  the  island  specimens  show  differences  from  those  on  the 
mainland,  differences  that  are  slight  but  that  could  not  have  become  established 
in  so  short  a  time. 

There  is  little  doubt  that  the  presence  of  one  of  the  two  subspecies  of  the 
western  rattlesnake  (C.  v.  xjiridis  and  C.  v.  nuntius)  in  the  vicinitv  of  the  Hopi 
villages  in  northeastern  Arizona,  has  resulted  from  the  gathering  of  snakes  for 
the  snake  dances  over  a  rather  wide  area — they  may  be  brought  in  by  visiting 
Indians  from  a  considerable  distance — followed  by  their  release  after  the  cere- 
mony. Only  nuntius  is  native  there, 

Figuier  (1869,  p.  88)  has  stated  that  public  exhibitions  of  rattlesnakes  were  at 
one  time  forbidden  in  France  because  of  the  fear  that  a  pair  might  escape  and 
start  a  colony.  In  1940  the  city  of  Berkeley,  California,  adopted  an  ordinance 
making  it  unlawful  to  keep  or  transport  venomous  reptiles  in  the  city  ^viihout 
a  permit.  This  was  enacted  for  the  purpose  of  preventing  the  escape  and  coloniza- 
tion of  dangerous  snakes  not  alrcadv  indigenous  to  the  area.  The  nortliern  Pacific 
rattler  occurs  naturally  in  tin:  hills  above  the  city. 

Gadow  (1930,  p.  53),  discussing  the  rc-cstablishment  of  plants  and  animals  in 
a  district  in  Mexico,  after  devastation  by  the  volcano  Jorullo,  stated  that  rattle* 
snakes  had  not  been  found  there  yet.  He  considers  them  slow  migrants,  not 
well  suited  for  reinvasion.  Although  the  devastated  region  would  now  afford  an 
ideal  ground  for  them,  if  they  could  get  there,  the  broad  belt  of  sand-smothered 
terrain  to  the  \vest.  nortli,  and  east  has  acted  as  an  effective  barrier,  and  it  is  now 
too  well  cultivated  for  them  to  cross.  To  the  south,  the  mesas  are  difficult  to  ascend. 
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To  ;i  lari^c  extent  rattlesnakes  Iced  on  small  mammals,  particularly  such  rodents 
as  mice,  rats,  prauie  dogs,  gophers,  and  ground  squirrels.  The  adults  of  the  larger 
species  eat  creatures  as  big  as  rabbits.  Birds  are  not  neglected,  and  at  some  seasons 
ground-nesting  birds  may  constitute  an  appreciable  part  of  the  diet  of  some  species. 
Lizards  comprise  a  predominant  part  of  the  food  supply  of  a  few  of  the  smaller 
species,  and  are  quite  important  to  the  young  of  some  of  the  larger  kinds  of  rattle- 
snakes. Several  species  inhabiting  a  moist  terrain  live,  at  least  to  some  extent,  on 
such  amphibians  as  frogs  and  toads.  No  vegetable  food  is  ever  eaten,  except  such 
as  may  be  present  in  the  digestive  tract  of  the  prey,  or  may  be  ingested  by  accident 
in  the  del  of  suallouing.  There  was  long  a  belief,  coming  down  from  Aristotle 
(Cressweli,  I8()Z,  jj.  20^)  that  snakes  cat  vegetable  food,  but  tliis  was  never  exten- 
sively believed  to  be  true  of  rattlesnakes. 

The  several  rattlesnake  species,  because  of  their  differences  in  size  and  the  varia- 
tions in  the  kinds  of  animals  available  to  them,  differ  considerably  in  their  normal 
diets;  therefore,  to  avoid  repetition,  I  shall  largely  restric  t  the  mention  of  particular 
items  of  diet  to  lists  segregated  by  species  or  subspecies.  However,  brief  smumaries 
will  first  be  presented  to  give  some  indication  of  tlie  scope  of  the  diet  of  tlie  two 
geneia,  paiti(ulaily  to  make  a\ailab]e  in  one  place  sonu  of  the  nioK  unusual  food 
items  tliat  ha\e  been  iccorded.  1  his  invokes  some  repetition,  lust,  under  kinds  of 
food,  and  then  under  the  several  species  of  rattlesnakes. 

KINDS  OF  FOOD 

Mammai^ 

It  is  pi()l)able  that  e\eiy  species  of  mammal  !i\iug  in  the  same  tct  iiiory  with  some 
kind  of  rattlesnake,  pro\ idcd  it  is  small  enough  to  be  swallowicl,  otcasionally  falls 
prey  to  these  snakes.  Even  if  the  adults  are  too  large,  the  young  may  form  a  regular 
part  of  the  diet.  For  a  hungry  rattier,  with  his  death-dealing  fangs,  can  quickly 
subdue  even  so  fierce  and  bloodthirsty  a  fighter  as  a  mink  or  weasel,  although  such 
carnivores  are  not  regularly  eaten. 
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Rccause  of  their  convenient  size  and  population  density,  it  is  probable  that  the 
following  genera  of  rodents  comprise  the  bulk  of  the  food  supply  of  rattlesnakes: 
White-footed  mice  (rcrrjuiyscus),  pocket  niite  {Poognathns),  grassho])])('i  mite 
(Onyihoinys),  meadow  mice  (Mioolus),  harvc?)i  mice  {iieithrodonlomy^),  kangaroo 
rats  (Dipodotnys),  wood  rats  (Neotoma),  and  chipmunks  {Tamias  and  Eutamias). 
To  these  there  may  be  added,  as  important  elements  in  the  food  supply  of  the 
lai^r  rattlesnake  species,  prairie  dogs  {Cynomys),  ground  squirrels  {Citellus  and 
related  genera),  squirrels  (Sciurtis),  and  cottontail  rabbits  (Sylvilagus),  the  young 
of  these  larger  mammals  being  particularly  subject  to  predation. 

Surface  (1906,  p.  196)  found,  in  Pennsylvania,  that  94  per  cent  of  the  food  of  the 
timber  rattlesnake  (C.  //.  horridus)  was  made  up  of  mammals.  In  Virginia,  I 'hlcr, 
Cloiiain,  and  (ilarke  (1939,  p.  609),  studying  the  same  species,  detejmined  the 
mammal  percentage  to  be  almost  87.  Fitch  and  I  wining  (1916,  p.  70),  in  their 
detailed  investigation  of  the  food  habits  of  the  northern  Pacific  rattler  (C.  v.  ore- 
ganus)  in  Madera  County,  California,  ascertained  that  85  per  cent  of  the  items 
found  in  the  rattlesnake  stomachs  were  mammals,  whUe  nearly  88  per  cent  of  the 
scats  contained  manunal  remains.  Fitch  (1949a,  p.  548)  translated  these  data  into 
weights,  and  cone  huled  that  mammals  comprise  97.9  per  cent  of  the  food  in  terms 
of  bulk.  It  is  j)rol)able  that,  in  the  L'inted  States,  mammals  comprise  from  80  to  98 
per  cent  of  the  food  of  the  atlult  ratth^nakcs  of  all  species  except  the  sidewinder 
(C.  (crnstr.s),  the  rock  ratth  snake  (C.  Icpidus),  the  Arizona  twin-spotted  rattler 
(C.  p.  pricci),  the  ridge-nosed  rattler  (C.  w.  willardi),  and  the  pigmy  rattlers  and 
massasaugas  of  the  genus  Sistrurus,  all  of  which — except  the  eastern  massasauga 
5.  c.  catenatus) — are  characterized  by  a  relatively  small  size.  Although  these  small 
rattlesnakes  live  to  some  extent  on  mammals,  lizards  comprise  a  greater  part  of 
their  diets  than  is  the  case  with  the  larger  species. 

The  fact  that  small  mammals,  t  specially  rodents  and  lagomorphs  (rabbits  and 
hares),  cf)mprise  the  bulk  of  the  food  sujjply  of  the  laiger  latllesnake  species,  and 
an  important  part  of  the  diet  of  the  smaller,  will  be  fully  apparent  from  ihe  prey 
lists  under  the  several  spec  ies.  They  are  suitable  in  size  and  are  usually  |)lentilul 
in  the  areas  where  rattlesnakes  occur.  Estimates  of  populations  per  acre  of  some 
of  these  small  herbivorous  mammals  have  been  presented  by  Mohr  (1917,  p.  223; 
see  also  Fitch,  1949a,  p.  570),  from  whose  summaries  one  may  gain  some  idea  of 
the  vast  food  supply  that  these  small  creatures  offer  predators;  for  we  learn  that 
the  populations  often  run  from  10  to  50  per  acre,  and  in  some  instances  exceed  1 00. 
These  figures  explain  the  surprising  numbers  that  are  sometimes  illuminated  by 
a  car's  headlights,  as  they  skitter  across  the  road  at  night. 

It  is  to  be  expected  thai  most  pit  \ipers.  including  the  rattUsuakes,  should  feed 
on  warm  i)looded  prey,  since  thev  have  a  special  sense  organ — the  facial  pit — to 
facilitate  its  detection;  for  the  pit,  as  true  a  sense  organ  as  an  eye  or  ear,  serves  to 
locate  any  object  having  a  somewhat  higher  temperature  than  its  surroundings. 

The  method  by  which  rattlesnakes  generally  seek  their  food— that  is,  by  lying 
in  wait  for  and  lunging  at  passing  creatures— coupled  with  a  not  especially  acute 
sense  of  vision,  occasionally  results  in  their  eating  creatures  quite  different  from 
their  customary  prey.  A  few  unusual  mammals  have  been  icported.  For  example, 
Kalm  (1732-5.S,  p.  59)  stated  that  the  timber  rattler  occasionally  ate  minks.  Frank 
E.  Brink  of  Milford,  Pennsylvania,  wrote  me  that  he  had  known  timber  rattlers  to 
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cat  niiiiks  and  wtast-Is;  W.  E.  I-iilmci,  ol  Lcliighion,  1\  iiiisylvania,  fomul  a  horridus 
iliut  liaci  eaten  a  weasel;-  and  J.  VV.  Crigger,  ol  Humersville,  West  Virginia,  men- 
tioned weasels  among  their  prey.  I  noted  a  red  diamond  rattlesnake  (C.  r.  ruber) 
from  Jamul,  California,  that  contained  a  young  skunk  (Spilogale  gracilis  micro- 
rhina).  Hall  (1951,  p.  200)  reported  that  a  rattler  (species  undesignated)  at  Ban- 
ning, California,  contained  the  skull  of  a  long-tailed  weasel  (Mustela  frenata 
latirostra).  There  is  no  (loul)t  that  small  carnivores  are  occasionally  eaten,  although 
not  a  regular  part  of  the  diet. 

Audubon  and  Hachnian  (1851,  \ol.  li,  |).  1  1(3)  ha\e  reported  two  instances  in 
whicli  h. ill-grown  f)[)o^^^Illls  were  (le\<)ui((l,  I'hlci,  Cioitani,  and  (ilaikc  (1939, 
j).  <)1())  lound  the  retiKiins  of  a  bal  in  the  stomach  of  a  liinl)er  rattler:  and  there  arc 
other  records  of  bats  being  eaten.  C.  \\  hitman  of  Madera,  California,  found  a 
northern  Pacific  rattlesnake  crawling  along  a  dead  tree  that  formed  a  bridge  to  a 
large  rock  in  the  Fresno  River.  There  was  a  bat  roost  in  a  cradi  of  the  rock,  and 
Mr.  Whitman  was  convinced  that  the  snake  was  seeking  the  bats. 

As  to  the  maximum  size  of  prey,  Davenport  (1943,  p.  107)  states  that  a  large 
western  diamond  (C.  atrox)  can  eat  a  full-grown  jackrabbit,  and  one  of  my  cor- 
respondents has  \oiced  the  same  opinion,  but  I  think  this  needs  confirmation. 
Certainly  adult  diamondbacks  can  swallow  a  full-grown  cottontail. 

BntDS  AND  Eggs 

liirds  comprise  an  appreciable  part  of  the  diet  of  many  rattlesnakes,  j>articularly 
those  that  live  in  areas  where  ground-nesting  birds  are  plentiful.  The  fact  that 
nearly  all  kinds  of  rattlesnakes  eat  birds  occasionally  will  be  manifest  from  the 
food  lists  set  forth  under  eadi  species.  Uhler,  Cottam,  and  Clarke  (1959,  p.  609) 
found  that  birds  formed  about  IS  per  cent  of  the  food  of  the  timber  rattlesnake 
(C.  /i.  horridus)  in  the  Geoige  Washington  National  Forest.  Fitdi  and  Twining 
(1946,  p.  70)  reported  that  birds  comprised  only  2  [x  r  rent  of  the  food  items  of  the 
northern  Pacific  rattlesnake  [C  x'.  orrpaiiiis)  in  Madcia  County.  Clalifornia.  l*"itth 
later  (I'lHhi.  p.  TvlS)  reihued  this  to  less  than  1  pci  (lut  1}\  weight.  It  is  pioljabic 
that  the  |)rairic  lattksnake  (C.  i'.  x'iridis)  feeds  on  l)irds  t<»  a  tonsidtrabk  r\t(  tit.  lo 
judge  by  the  niunber  of  (onlnmatory  reports  liom  its  range,  where  ground-nesting 
birds  predominate.  In  ( aptivity,  man)  species  of  rattlesnakes  readily  eat  birds. 

Rattlers  can  become  a  nuisance  around  breeding  farms  where  game  birds  are 
raised,  although,  since  they  do  not  excel  as  fence  climbers,  they  are  not  nearly  so 
troublesome  as  sonic  of  the  hannless  snakes,  such  as  the  gopher  snakes  il'i(it(>l)hi,s), 
king  snsLkes  (Lampr''l^(  Ills  ,  ami  vAcen  (Aiaslicoph is).  It  is  doubtful  whether  rattle- 
snakes (an  be  ronsidcied  one  ot  the  imj)ortant  piedalors  of  wild  game  birds  in  any 
area;  tlu  x  ha\c  not  been  shown  to  be  so  in  any  ot  the  really  adequate  studies  ot 
game  hiids  tlius  l.n  <  oiiiplcied. 

Rattlesnaki  s  will  kill  and  eat  yoinig  thickens  antl  lurke)s,  and  several  of  my 

correspondents  have  included  poultry  in  their  lists  of  rattler  foods.  Nevertheless, 
the  farmers  with  whom  I  have  consulted  have  not  indicated  that  ratders  are 
thought  to  be  important  threats  to  their  flocks,  for  there  are,  in  every  area,  other 
predators  much  more  destructive. 

^  Pennsylvania  Game  News,  vol.  29,  no.  10,  p.  24,  Oct.,  1953. 
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Rattlesnakes  occasionally  cat  eggs,  but  to  a  lesser  extent  than  some  of  the  other 

large  snakes,  such  as  those  already  mentioned.  In  fact,  egg-eating  is  sufficiently  rare 
to  warrant  tiic  gathering  of  tlie  data  for  all  species  here,  rather  than  under  the 

indi\  idual  species. 

lirons  (18811,  p.  585)  rcpoi  ted  ihai  the  prairie  lattlcsnakcs  (C.  v.  vitidis)  ale  tlie 
nestlings  and  eggs  of  the  burrowing  owls  with  which  they  were  supposed  to  live  in 
harmony.  Bent  (1932,  p.  70)  cjuoted  Frank  Willard's  report  that  he  had  been  watch- 
ing the  nest  of  a  Gambel  quail  (Lophortyx  gambeli  gambeli)  for  some  days.  It  con- 
tained 18  eggs.  Later  he  found  a  rattlesnake  coiled  around  the  eggs,  two  of  which 
were  gone.  The  female  quail  was  fluttering  overhead,  with  the  rattler  striking  at 
her.  Unfortunately,  Willard  did  not  open  the  snake  to  sec  if  it  had  tateu  the  eggs; 
Gorsiich  091V],  p.  71)  doubts  that  they  were  taken  by  the  snake.  Glading  (1938, 
|).  M'lO)  found  a  coiled  noitliern  Pacific  rattler  (C.  ik  orrii^fnius)  resting;  on  the  egi^s 
in  the  nest  o£  a  Caliiornia  valley  t|uail.  It  was  assumed  thai  the  snake  had  eaten 
some  of  the  eggs,  but  when  the  snake  was  killed  the  stomach  was  found  to  be  empty. 
Glading  concluded  that  quail  eggs  are  not  a  })ai  t  of  the  regular  diet  of  this  snake. 

Storer,  Cronemiller,  Horn,  and  Glading  (1942,  p.  1S4),  continuing  the  same 
studies  at  the  San  Joaquin  Experimental  Range  in  Madera  County,  California, 
si.iK  (1  that  while  30  per  cent  of  tlie  quail  nests  were  destroyed  by  predators,  and 
alth()ut;h  rat  tiers  far  outnimibered  all  other  snakes  in  the  area,  the  rattlers  could 
not  he  chained  with  damage  to  tlie  uesis.  Other  snakes  gopher  and  kintj;  snakes 
especially — althouiili  fewer  in  nundjers  than  tlie  tattlers,  were  nuich  more  destruc- 
tive predators.  lilake\  (1934,  p.  13),  working  on  the  Missouri  O/aik  Range,  re- 
potted that  the  timber  rattler  was  fond  of  wild-turkey  eggs,  but  he  seems  to  have 
based  this  conclusion  on  finding  a  single  individual  that  had  eaten  four.  Mosby 
and  Handly  (194S,  p.  128)  were  unable  to  verify  this  type  of  predation  in  Virginia 
and  concluded  that  the  timber  rattler  is  not  a  serious  menace  to  wild  turkeys.  Flack 
(18G6,  p.  332)  reported  that  turkey  eggs  were  eaten  by  rattlers  in  Texas. 

rhlii,  Cottam,  and  Clarke  (1939,  p.  HOR)  mention  birds'  eg^s  found  in  the  stf)m- 
achs  of  timber  rattlers  (C.  //.  Iiorridits).  Boone  (1937,  p.  51)  told  how  a  "\ellow 
Pacific  rattlesnake" — probably  a  Mojave  rattler  (C.  s.  scutnlatus) — (linibtd  five 
feet  into  a  nu  bquile  tree  and  robbed  a  bird's  nest  of  its  eggs;  however,  the  rest  of 
the  paper  is  so  inaccurate  as  to  invite  skepticism  regarding  this  episode.  Rutledge 
(1936,  p.  139)  found  an  eastern  diamond  rattlesnake  (C  adamantetts)  in  a  wood- 
pecker's hole.  Upon  examination,  the  snake  was  found  to  contain  the  mother 
woodpecker  and  five  eggs. 

.\  number  of  my  own  correspondents  hav  e  reported  the  eating  of  eggs  by  rattlers. 
F.  R.  Cx)c  hran,  U.  S.  Forest  Service,  Sundance,  ^Vyoming,  discovered  a  prairie  rattle- 
snake (C  t^iridis)  in  his  hen  house:  the  stoma(  h,  opened  because  of  a  suspicious 
!jidjj;c,  was  found  to  contain  an  unbroken  hen's  egg.  A  similar  report  was  ni.idc  by 
Fred  VV.  Barnes,  U.  S.  Fish  and  Wildlife  Service,  Hines,  Oregon,  of  a  hen's  egg 
found  in  a  Great  Basin  rattler  (C.  v.  lutosus),  Charles  G.  Holzworth,  Kremmling, 
Colorado,  wrote  me  that  prairie  rattlers  (C.  v.  viridis)  eat  the  ^;gs  of  ground-nesting 
birds  as  well  as  the  young;  and  Clarence  R.  Ousley,  of  Napa,  California,  gave  simi- 
lar information  regarding  the  northern  Pacific  rattlesnake  (C.  v.  oreganits),  Wil- 
liam Anderson,  Reynolds  Creek  Ranger  Station,  near  Globe,  Arizona,  saw  a 
yellowish  rattlesnake  (C.  atrox  ?)  that  had  eaten  the  eggs  found  in  a  robin's  or 
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thrush's  nest  some  10  frci  aljoxc  ilic  ground.  It  \vas  not  statttl  uht  ilici  an  t-xaini- 
nation  was  made  ol  ilie  stomach  contents  to  prove  lliat  eggs,  rather  ilian  young 
birds,  had  been  eaten.  Attadts  that  were  being  made  on  the  rattler  by  the  parent 
birds,  indicated  that  the  nest  had  been  robbed  of  something.  Bruce  Genterwall 
reported  finding  what  he  thought  were  the  shells  of  quail  eggs  in  a  western  dia- 
mond rattler  (C.  atrox).  W.  W.  Britton  of  Chambersburg,  Pennsylvania,  includes 
grouse  eggs  among  the  food  items  of  the  timber  rattler  (C.  //.  horridus). 

I  think  wc  may  rone  hide  tliat  eggs  arc  orrasionally  eaten  by  some  species,  but 
certainly  they  form  only  a  minor  part  of  the  rattlesnake  diet. 

Reptiles 

To  a  considerable  degree,  lizards  comprise  one  of  the  normal  food  items  of  rattle- 
snakes. This  is  especially  true  in  the  Southwest,  where  lizards  are  plentiful,  and 
it  is  also  characteristic  of  particular  rattlesnake  species.  The  smaller  rattlesnakes 
are  habitual  lizard  eaters,  since  the  attenuated  form  of  tlie  lizard  allows  it  to  be 

more  easily  swallowetl  than  a  mammal,  which  is  thicker-set  for  the  same  bulk.  Thus 
the  young  of  the  small  species  of  rattlers — ^)rict'i  and  Icpidus  [or  example — hnd 
many  li/ards  rimning  about  thai  they  lan  sw  allow,  while  mice  within  their  capacity 
would  be  toiuid  only  in  a  nest  of  hairless  young  within  a  few  days  of  birth.  This 
is  one  of  the  reasons  why  the  smaller  rattlesnake  species  are  confmed  to  areas  with 
adequate  lizard  populations.  The  adults  of  some  of  the  small  species  continue  to 
prefer  lizards  even  after  they  have  attained  such  a  size  that  they  could  readily  eat 
adult  mice. 

Not  only  are  the  small  kinds  of  rattlesnakes  dependent  on  lizards,  but  the  young 
of  the  larger  species  regularly  eat  them,  and  they  are  not  completely  scorned  by 
the  adults.  However,  studies  have  shown  (e.g.,  Klaidjer  1911,  p.  116,  on  sidew  inders) 
that  there  is  a  trend  Ironi  lizards  toward  nianunals  as  a  basic  diet,  as  ilie  snakes 
age  and  thus  grow  to  a  size  such  that  mammals  within  their  swallowing  capacity 
are  more  plentiful.  C.  B.  Perkins,  when  collecting  prairie  rattlesnakes  (C.  v,  viridis) 
at  hibernating  time  in  the  late  fall,  noted  that  the  juvenile  rattlers  with  only  a 
button  regurgitated  lizards,  while  the  youngsters  that  had  achieved  an  additional 
rattle  or  two  had  eaten  small  mice. 

Uhler,  Cottam,  and  Cilarke  (19'i9,  p.  609)  found  no  li/ards  in  the  stomachs  of 
the  MI  timber  rattlesnakes  (C.  horridus)  that  they  e.xamincd.  In  their  studies  of 
the  noithcrn  Pacific  rattlesnake  on  the  San  Joaquin  Experimental  Range,  Fitch 
and  1  wining  (1946,  p.  70)  determined  that  lizards  made  up  10.1  per  cent  of  the 
prey  items  found  in  the  stomach  examinations  and  7.8  per  cent  in  the  scats.  It  is 
probable  that  these  figures  are  somewhat  on  the  low  side,  as  lizard  scales  are  more 
affected  by  digestion  and  therefore  less  easily  recognized  than  mammal  hair.  These 
same  authors  conclude  tliat  a  lack  of  lizards — for  they  are  not  plentiful  on  the 
Range — is  one  of  the  factors  limiting  the  rattler  population;  the  young  are  unable 
to  find  sufTicient  food  and  many  starve  to  death,  although  an  adequate  sujjply  of 
mannnals  is  available  for  the  adults  (p.  ()'.)).  Horned  toads  arc  often  fatal  to  rattle- 
snakes that  try  to  eat  them,  as  mentioned  elsewhere  (p.  GtiO). 

Other  reptiles  are  rarely  eaten;  they  do  not  constitute  a  normal  item  of  diet  as 
do  lizards.  W.  (1846,  p.  63)  threw  a  small  land  t<»rtoise  into  a  rattler's  cage.  It  dis- 
appeared and  he  assumed  it  had  been  eaten,  but  this  is  to  be  doubted.  Rarely  will 
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a  rattlesnake  cat  another  snake.  T.  Sherman  of  Silver  Cityi  New  Mexico,  wrote 
me  that  he  found  a  S-foot  rattler  in  the  act  of  swallowing;  an  18-inrli  hull  snake. 
One  of  the  timber  rattlesnakes  examined  by  Surface  (190(3,  j).  I'JG)  contained  the 
remains  of  a  snake,  but  Uhler,  Coitam,  and  Clarke  ioiuid  nouv  in  ilu  ii  s(  rics. 
J.  VV.  Crigger  wrote  me  that  a  timber  rattier  (fJ.  //.  honidus)  had  eaten  a  pine 
snake;  and  R.  J.  McCormack  of  South  Pittsburg,  Tennessee,  also  mentioned  one 
that  had  been  swallowed  by  the  same  spedes.  Shorey  (195S,  p.  25)  says  that  timber 
rattlers  sometimes  eat  small  snakes.  E.  H.  Mortensen  stated  that  a  captive  northern 
Pacific  rattler  (C.  v.  oregantts)  ate  a  king  snake.  Milstead,  Mecham,  and  McQintock 
(1950,  p.  557)  found  a  western  hook-nosed  snake  {Gyalopion  canum)  in  the  stomach 
of  a  mottled  rock  rattier  (C.  /.  lepidus). 

Halter  (lOlf),  j>.  (iO)  reported  that  a  pigmy  rattler  (S.  miUarixis)  in  cajnivity  ate 
a  gai  ter  snake  {Thainiiopliis  sirtolis)  longer  than  itself.  Paul  L.  Swanson  wrote  me 
that  a  southeastern  pigmy  rattlesnake  (S.  in.  barbouri)  disgorged  a  Florida  ribbon 
snake  (Thamnophis  sauritus  sackeni^.  The  ribbon  snake  had  probably  been  eaten 
in  captivity.  Allen  and  Neill  (195pb,  p-  11)  say  that  5.  m.  barbouri  eats  ribbon 
snakes,  young  water  snakes,  and  occasionally  the  young  of  its  own  spedes.  Ck>nant 
(1951»  p,  255)  found  the  remains  of  a  small  snake,  probably  Storeria  dekayi,  in  an 
eastern  massasauga  (Sistrurus  c.  catenntits).  There  are  old  reports  (Anon.,  1838, 
p.  72;  Martin,  1851,  p.  251)  to  the  ( fh  ct  that  rattlesnakes  occasionally  eat  water 
moccasins,  but  these  recjuiie  ( onfinnaiion. 

In  captivity,  rattlesnakes  are  occasionally  cannil)alistic,  a  result  that  may  hap]jen 
when  two  rattlesnakes  start  to  eat  the  same  mammal.  When  this  occurs,  one  is 
quite  likely  to  swallow  the  other,  the  swallower  being  the  larger,  or,  if  about  the 
same  size,  the  one  which,  in  advandng  its  jaws  along  the  prey,  happens  to  take 
the  first  bite  that  puts  its  upper  jaw  over  the  edge  of  the  cage-mate's.  This  danger 
is  well  known  in  zoos,  and  therefore  care  is  taken,  in  feeding,  not  to  permit  two 
snakes  to  seize  the  same  animal. 

Sometimes  cannibalism  among  captive  snakes  is  not  (he  result  of  two  snakes 
seeking  the  same  prey.  At  the  San  Diegc^  /.oo,  one  prairie  lattler  (C.  t'.  viridis)  ate 
another  that  had  been  a  cage-male  for  several  years.  Both  were  adults  and  of  sinular 
size.  1  he  meal  proved  too  large  and  was  regurgitated.  In  another  instance  a  red 
diamond  rattlesnake  (C.  r.  ruber)  ate  a  southern  Padfic  (C.  v.  helleri);  and  in  an- 
other a  southern  Padfic  ate  a  30-inch  speckled  rattler  (C.  m.  pyrrhus).  A  western 
diamond  (C.  atrox)  ate  a  blacktail  (C.  m.  molossus)  that  may  have  died  just  before 
it  was  eaten. 

Sometimes  one  rattler  will  eat  another  when  they  are  crowded  together  in  a 
shipping  container,  as  happened  when  one  ate  another  in  a  shipment  of  juvenile 
western  diamonds  (C.  atrox).  Hathcock  (19.^7,  p.  339)  has  shown  a  plioiograph  of 
one  northern  Pacific  rattlesnake  swallowing  a  cage-mate  of  somewhat  smaller  size. 
This  occurred  when  they  were  crowded  and  hungry. 

C.  J.  C.  (1933,  p.  59)  wrote  of  one  prairie  rattlesnake  (C.  v.  tnridis)  that  had 
swallowed  another  two-thirds  of  its  own  length.  The  snake  that  had  this  meal  was 
found  in  the  wild,  and  therefore  this  was  not  an  instance  of  cannibalism  among 
captive  sn;ik(  s  How  ( \  er,  the  author  admits  that  the  swallowed  snake  might  have 
been  fount!  dead  by  (he  other.  Gloyd  (1933,  p.  98)  reported  a  fui  ther  case  of  a 
prairie  rattler  tliat  disgorged  another  it  had  eaten  in  tiie  wild.  In  this  instance 
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there  Avas  evidence  that  the  swallowed  snake  had  been  found  dead,  for  it  seemed 
to  be  headless — although  the  head  may  have  bci  ii  {oniplctely  digested— and  some 
rattlers  had  lately  been  killed  at  the  den  AviKie  the  shallower  was  found.  Ruthven 
(1911,  p.  270;  Ruthven  et  ai,  1912,  p.  12G;  1928,  p.  132)  reported  two  instances  in 
which  a  massasauga  (5.  c.  catenatus)  had  eaten  snakes,  one  of  which  was  another 
rattler  of  the  same  species.  Both  snakes  had  evidently  been  dead  for  a  considerable 
time  before  they  were  eaten. 

We  may  conclude  that  cannibalism  among  rattlesnakes  in  the  wild  is  quite  un- 
usual; and,  in  the  rare  instances  when  it  has  occurred,  the  snake  eaten  has  some- 
times been  dead  before  it  was  swallowed. 

Amphibians 

It  is  probable  that  all  species  of  rattlesnakes  occasionally  eat  frogs  or  toads.  To 
several  species  inhabiting  humid  areas,  they  constitute  a  more  important  source 
of  food  than  lizards.  Probably  the  most  consistent  amphibian  eaters  are  the  rattlers 
of  the  genus  Sistntrus — the  massasauga  (S.  catenatus)  and  the  pigmy  rattler  (S.  mili- 
arius).  To  judge  from  published  records  and  the  reports  of  my  correspondents,  the 
list  of  tlie  subspecies  of  rattlesnakes  that  eat  amphibians,  at  least  occasionally, 
includes  the  following:  The  prairie  rattlesnake  (C.  v.  viridis)^  Great  Basin  (C.  v. 
lutosus),  northern  Pacific  (C.  v.  orcgauus).  southern  Pacific  (C.  j>.  hcUcri),  timber 
(C  h.  honidus),  canebrakc  (C.  //.  atritaiidatus),  eastern  massasauga  (S.  c.  catenatus), 
and  the  several  subspecies  of  the  pigmy  rattlesnake  (.9.  miliarixts).  Falck  (1910, 
p.  135)  reported  that  the  mottled  rock  rattlesnake  (C.  /.  lepidus)  would  eat  not  only 
frogs  in  captivity  but  tiger  salamanders  as  well.  However,  it  refused  a  newt  (Trt- 
tunis).  A  small  dusky  rattlesnake  (C.  L  triseriatus)  was  found  to  have  eaten  a 
salamander. 

FlSMF.S 

Two  of  my  correspondents  ha\e  mentioned  fishes  as  rattlesnake  food.  One  claimed 
to  have  seen  a  prairie  rattlesnake  (C.  r'.  viridis)  in  the  ad  of  eating  a  trout  about 
eight  inches  long;  tlie  other  observed  a  western  pigmy  latllesnake  {S.  m.  slreckeri) 
catching  small  minnows  in  a  shallow  slough.  Evermann  and  Clark  (1914,  p.  348) 
expressed  the  opinion  that  the  massasauga  {S.  c.  catenatus)  probably  eats  fish.  Drake 
(1921,  p.  50)  reported  that  northern  Pacific  rattlers  (C.  v.  oreganu^  catch  salmon 
trout,  and  Shorey  (1953,  p.  25)  included  small  fishes  in  the  diet  of  the  timber  rattle- 
snake (C.  h,  horridus).  These  reports  require  confirmation. 

Arthropods 

Insects  and  other  ariliiopods  arc  rather  frequently  mentioned  as  bcint;  among  the 
creatures  eaten  by  ruitlesnakcs.  Of  a  few  of  the  records  there  can  be  no  cjuestion; 
but,  as  to  most  of  the  others,  it  is  probable  that  the  insects  were  ingested  as  the 
stomach  contents  of  other  prey  such  as  lizards  and  toads,  and  then  outlasted  their 
original  captors  during  the  digestive  process  in  the  rattlesnake.  It  is  significant  that 
insect  remains  are  most  frequently  found  when  there  are  lizard  scales  in  the  food 
residue. 

Surface  (1906,  p.  191)  states  that  the  eastern  massasauga  (S.  c.  catenatus)  probably 
eats  insects  such  as  grasshoppers,  but  this  is  doubted  by  Atkinson  and  Netting 
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(1927*  p.  42).  Everinann  and  Clark  (1914,  p.  348)  include  crawfish  in  the  menu  of 
this  subspecies.  Neither  Surface  (1906,  p.  195),  nor  Uhlcr,  Cottam,  and  Clarke 
(1939,  p.  609)  list  insects  among  the  stomach  coim  nis  of  the  timber  rattlesnake 
(C.  //.  honidus),  althougli  several  early  writers  (e.g..  Dudley,  1723,  p.  294;  Pennant, 
1787,  p.  88)  re]x>rted  that  insects  were  eaten.  Messeling  (1953,  p.  21)  claimed  that  he 
watched  young  timber  rattlers  catching  flies  and  that  they  seldom  missed. 

Wright  and  Bishop  (1915,  p.  189)  found  "the  remains  of  several  beetles,  grass- 
hoppers, spiders,  and  the  ribs  and  pieces  of  skin  of  a  very  small  snake  or  lizard" 
in  a  pigmy  rattler  (S.  miliarius).  Mitchell  (1905,  p.  SI)  and  Conant  and  Bridges 
(1939,  p.  143)  also  mention  insects  as  having  been  eaten  by  this  species.  Centipedes 
likewise  arc  eaten  (Hanu'lton  and  Polhuk,  1955,  p.  '^). 

I  have  had  a  number  of  rejjorts  to  the  clfct  t  that  prairie  ratth  snakes  (C.  7J.  viridis) 
and  Great  Basin  rattlesnakes  (C.  x.>.  lutosits)  eat  .Mormon  crickets,  which  at  times  are 
exceedingly  abundant.  .Most  of  these  merely  listed  the  crickets  among  the  food  items 
of  which  the  rattlesnakes  partake,  but  the  following  is  more  evidential: 

Ontc  I  saw  .Mormon  tiitkcis  being  calon  by  an  aciult  raulcsnake.  It  had  one  about  swallowed 
when  I  came  upon  it.  There  were  numerous  snakes  along  the  road  among  the  large  band  of 
(he  ciitkcis:  the  oihcrs  could  have  eaten  them,  also,  but  I  didn't  have  the  time  to  open 
them  u|)  to  examine  them.  I  don't  know  if  they  would  take  them  from  dioice  or  if  their 
abundant  proximity  irriuted  this  one  into  trying  it.  C.  H.  McDonald,  V.  S.  Fontt  Service, 
Stevensville,  Mont. 

Lawrence  Kelly  of  Harper,  Oregon,  reported  grasshopi>crs  and  (rickets  among 
the  stomach  contents  of  northern  Pacific  rattlesnakes  (C.  v.  oreganus);  and  Von 
Bloekar  (1942,  p.  38)  found  three  Jerusalem  crickets  in  the  stomach  of  a  southern 
Pacific  (C.  V.  helleri).  However,  this  snake  also  contained  a  toad  that  may  have 
eaten  the  crickets  first.  A  Queretaran  dusky  rattlesnake  (C.  t.  aquilm)  was  found 
to  contain  a  cricket,  probably  of  the  family  Gryllidac.  Hermann  (1950,  p.  392) 
reported  that  western  diamond  latileis  (C.  ntrox)  feed  on  lubber  grasshoppers 
(Brarhysloln  fnngna).  Stomach  anahses  showed  these  insects  to  have  been  a  regular 
part  of  the  diet  of  the  rattlers  at  that  time  and  ))laee. 

1  examined  a  Moja\c  lattlesnake  (C.  s.  scutulnliis)  that  contained  the  remains  of 
a  centipede  and  what  appealed  to  be  insects.  1  once  found  a  caterpillar  in  the 
Stomach  of  a  sidewinder,  but  it  also  conuined  a  fringe-footed  sand  lizard  (Uma) 
that  may  have  been  eating  the  caterpillar  when  seized  by  the  rattler.  I  was  told  by 
a  youngster  who  kept  a  brood  of  captive  sidewinders  that  they  ate  meal  worms; 
however,  he  had  not  dissected  them  to  make  sure  the  meal  ^^  orms  had  not  escaped 
from  the  cage,  as  they  often  do.  Kauffeld  (1943b,  p.  609)  states  that  young  specimens 
of  klauberi  and  pTtcei  in  captivity  refused  meal  worms,  small  grasshoppers,  and 
earihwonns. 

Vegetable  and  Mineral  Foods 

No  snake  eats  vegetable  food,*  but  occasionally  small  bits  of  \egetation,  such  as 
leaves,  twigs,  or  sticks,  are  found  in  the  intestinal  tract,  swallowed  by  accident  or 
ingested  with  prey  that  had  fed  on  vegetable  matter.  I  noted  a  cocklebur  in  the 
throat  of  a  prairie  rattlesnake  (C.  v.  viridis),  a  sumac  leaf  in  the  intestinal  tract  of 

*  Kvidcnce  li;)s  retently  been  cited  imlic.iilnj^  tli:ii  ihc  Afiir.ui  rp<;-o,niing  snake  (Dosypeltis)  eats 
certain  fruits  (Irvine,  1953,  p.  173,  and  other  lefciences  cited  thereunder). 
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a  retl  cli;mu)ncl  (C.  r.  ruber),  and  anoiher  leaf  in  a  sidewinder  (C.  cerastes).  A  Cen- 
tral Anici  iian  laitlesnakc  (C.  d.  durissus)  contained  a  kernel  ot  corn,  together  with 
feathers  suggesting  its  probable  origin. 

I  have  found  gravel  in  one  southern  Padfic  rattlesnake  (C.  v.  helteri),  and  a  small 
stone  in  a  Coronado  Island  rattlesnake  (C.  v.  caliginis).  Ruthven  (1907,  p.  593) 
reported  a  stone  14  mm.  in  diameter  in  the  stomach  of  a  western  diamond 
(C.  atrox).  When  a  rattlesnake  is  observed  scraping  prey  on  the  ground  to  dislodge 
it,  when  it  has  become  caught  in  the  angle  of  the  jaw  \\  hile  being  swallowed,  we 
can  readily  sec  how  such  foreign  material  may  be  ingested.  It  is  not  unusual  to  find 
coarse  sand  in  the  lower  intestinal  tract  ol  rattlers. 

SPECIES  PREFERENCES 

I  shall  now  present  su(  h  data  as  arc  a\  ailablc  on  the  known  food  preferences  of  the 
several  sperii  s  and  sidispecies  of  rattlesnakes.  The  data  are  presented  in  the  alpha- 
l)etii  al  order  oi  the  tedmical  names,  first  by  spedes,  then  by  subspedes  under  eadi 
species. 

Eastern  Diamond  Rattlesnake  (C.  adamanteus). — ^This  is  the  largest  of  rattlesnakes. 

An  adult  has  no  difruulty  in  eating  a  mammal  as  large  as  full-grown  cottontail 
rabbit.  F.vcn  jmeniles  can  swallow  adult  mice,  aud  therefore  seldom  resort  to 
slimmer  rrcatiues  like  li/ards,  upon  which  the  smaller  species  of  rai tiers  must 
depend.  Birds  are  sometimes  eaten  by  diamondbacks.  Rabbits,  squirrels,  and  birds 
are  mentioned  as  the  principal  foods  of  this  species  by  Da\is  and  Brimley  (1944, 
p.  9).  Allen  and  Neill  (1950a,  p.  11)  say  that  adult  eastern  diamondbacks  feed 
mainly  on  rabbits,  along  with  some  rats,  mice,  squirrels,  towhees.  and  quail. 

Barbour  (1920,  p.  57;  see  also  Carr.  1910,  p.  96)  tells  of  finding  a  king  rail  in  the 
stomach  of  a  large  Florida  diamondback.  Stoddard  (1912,  p.  219)  reports  two  in- 
stant es  wherein  bobwhites  were  eaten.  Davis  (1919,  p.  283)  mentions  a  large 
diamondback  that  had  eaten  a  young  wild  tin  key.  Rutledge  (1930,  p.  l."nS)  states 
that  diamondbacks  cat  cpiail;  he  also  claims  to  have  found  one  in  a  pileatcd  wood- 
pecker's nest,  after  the  mother  bird  and  four  eggs  had  been  eaten  by  the  snake. 
Hudgcns  (1953,  p.  48)  found  a  big  diamondback  that  was  swallowing  a  quail. 

Williams  (1892,  p.  M5}  found  that  the  diamondback,  when  in  captivity,  pre- 
ferred birds  to  rats  and  mice.  Allen  and  Slatten  (1945,  p.  26)  were  told  that,  on 
Cudjoy  Key,  off  Key  West,  adamanteus  fed  on  rats  and  birds,  rabbits  being  quite 
scarce.  But  in  most  areas  the  Florida  and  eastern  cottontails  (Sylcilagus  f.  floridanus 
and  S.  f.  inu'Hiirin)  and  the  maish  ral)bits  (6'.  p.  palustris  and  5.  p.  paludicola)  are 
the  niauistays  ol  the  adult  diamondbacks. 

Western  Diaviond  Rattlesnake  (('  inox). — ^This  large  lattlesnake  is  primarily  a 
mammal  feetler,  a  full-grown  snake  having  no  great  difficidtv  in  swallowing  an 
adult  (otlonlail.  In  fad,  Mcnger  (1905,  j).  27)  was  told  that  one  ate  a  full-grown 
jackrabl)it;  and  |.  I).  Bankston  of  Mason,  Texas,  has  written  me  of  finding  a 
western  diamond  61  inches  long  and  weighing  eight  poimds,  that  contained  a 
partly  digested  rabbit  which  seemed  to  him  to  be  a  full-grown  jack.  Another  report 
mentioned  the  finding  of  a  jackrabbit's  ear  in  the  stomach  of  an  atrox,  I  think  the 
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ability  o£  atrox  to  swallow  a  full-grown  jack  requires  confirmation.  Birds  and 
lizards  arc  occasionallv  eaten,  t!ic  latter  cspcf  ially  by  the  young  snakes.  In  a  scries 
of  C.  atrox,  14  specimens  contained  mammal  remains,  compared  with  2  that  had 
eaten  lizards. 

The  following  reports  on  the  food  habits  of  the  western  diamondback  have  been 
sent  me  by  correspondents: 

In  July  1936  in  Walker  County,  Texas,  in  ihc  Triniiy  River  buUoin  land,  I  saw  a  large 
diamondbadc  rattlesnake  with  a  fox  aquirrd  nearly  haU  swallowed.  I  was  making  a  study  of 
the  Cax  squirrel  at  the  time  and  I  estimated  that  the  squirrel  was  an  adult,  weighing  about 
one  pound.  Phil  Goodrum,  Atlanta,  Ca. 

o 

While  1  was  on  the  Aransas  .Naliunal  Wildliii-  Rriugc.  I  txas.  u  very  large  (about  seven- 
foot)  diamondbadc  rattler  was  brought  in  from  a  nearby  peninsula.  I  removed  a  swamp 
rabbit  (Silvilagus  a.  aquaticus)  from  the  stomach.  Arthur  F.  HalUtrtm,  Fith  and  Wildlife 
Service,  Yuma,  Ariz. 

■o 

In  examining  the  stomach  contents  of  western  diamond  rattlers,  I  have  found  small  mam- 

mals  such  as  ground  squirrels,  young  rabbits,  and  field  mire;  also  birds  (thought  to  he  young 
quail),  egg  shells  (presumably  quail),  and  what  looked  like  a  pan  o(  a  load,  but  may  have 
been  a  large  lizard.  P.  Bruce  Centerwall,  U.  S.  Forest  Service,  Tonto  Basin,  Ariz. 

I  have  twice  found  Merriam's  pocket  mice  (Perognalhus  m.  merriami)  in  western  diamond 
rattlers,  and  a  spiny  pocket  mouse  (P.  h.  hispidus)  in  another.  A  small  chicken  was  found  in 
one.  I  was  told  of  one  that  swallowed  a  full-grown  cottontail.  A.  J.  Kim,  Somerset,  Tex. 

I  have  one  record  of  a  Crotalus  atrox  found  dead  on  the  road  three  miles  southwest  of 
Tucson,  Arizona,  with  an  adult  pocket  mouse  {Perognathm  /.  jlavus)  in  its  mouth.  1  his 
snake  either  disgorged  the  pocket  mouse  when  run  over  by  a  car  or  was  in  the  process  of 
eating  it  when  killed.  Lee  W.  Arnold,  Pish  and  Wildlife  Service,  Denver,  Colo, 

The  following  are  some  of  the  items  of  mammal  prey  mentioned  in  tlie  litera- 
ture: Mitchell  (1903,  p.  37)— fox  squirrel,  Texas;  Ruthven  (1907,  p.  593)— full- 
grown  ground  squirrel,  Arizona;  Anon.  (1938a,  p.  166)~full-grown  cottontail* 
Oklahoma;  Huey  (1942,  p.  375) — ^Bailey  pocket  mouse  {Perognalhus  b.  baileyi), 
Arizona;  Hermann  (1950,  p.  392;  Milstcad,  Mecham,  and  McClintock,  1950, 
p.  557) — anotlier  pocket  mouse  (P.  merriami),  Texas;  Marr  (1944,  p.  488) — young 
cottontails  (Sylvilagus  oudubovi)  and  white-footed  mouse  (Peromyscus  maniculattis 
or  P.  Icucopus),  Texas;  Woodin  (1953,  p.  294) — giasshoppcr  mouse  (Onychomys 
torridus),  Arizona;  Blair  (1951,  p.  211) — little  short-tailed  slircw  {Cryptotis  p. 
parva),  I'exas.  Vorhies  and  Taylor  fed  atrox  with  wood  rats  (\eotoma  a.  albi- 
gula).  No  doubt  they  eat  them  in  the  wild. 

As  to  birds,  Mitchell  (1903,  p.  37)  claimed  to  have  twice  seen  mockingbirds  eaten. 
Anon.  (19S8a,  p.  166)  reported  from  the  Wichita  Mountains,  Oklahoma,  a  56-indi 
western  diamond  that  had  swallowed  a  quail,  besides  a  full-grown  cottontail. 
Jackson  (1912,  p.  1 1  A)  killed  a  three-and-a-half-foot  rattler,  probably  of  this  species, 
that  had  swallowed  a  nearly  full  giown  Gambel's  quail.  Bell  (1932,  p.  225),  about 
the  year  1854,  examined  a  rattler  (probably  of  this  species)  that  had  swallowed 
a  burrowing  owl.  Milstead,  Mechani,  and  McClintock  (1950,  p.  557)  found  un- 
ideniilied  birds  in  two  western  diamonds. 
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As  to  K'ptilfS,  Woodbury  and  W'oodbiii  v  (  l^M  I.  j).  .'?72)  r(  |K)i  tt'(l  that  a  young 
spctinicii  horn  Oaxaca,  Mexico,  liad  tattii  a  whiptail  li/ard  {Cncmidoplionis). 
McCallion  (1945,  p.  198)  states  that  young  specimens  ate  scaly  lizards  (Sceloporus) 
in  ca]>tivity.  Milstead,  Mecham,  and  McClintock  (1950,  p.  557)  found  a  scaly  luard 
and  a  Texas  banded  gecko  {Coleonyx  brevis)  in  atrox  stomachs. 

Hermann  (1950,  p.  392)  has  reported  that  western  diamond  rattlers  feed  on 
lubber  grasshoppers  {Brachystola  magna).  I  have  seen  tlu-  remains  of  three  insect 
orders — grasshoppers,  beetles,  and  ants — in  the  Stomach  of  a  siiv^lc  atmx.  But  it 
also  contained  mammal  hair  and  the  skiti  of  an  ii^uanid  li/ard,  and  probably  the 
inserts  had  been  contained  in  die  lizard  or  mauimal  when  they  were  eaten  by  the 
rattler. 

Mexican  West-Coast  Rattlesnake  (C.  b.  basilisciis). — ^Sevcn  specimens  contained 
mammal  (jnobably  rodent)  hair.  No  data  are  available  on  the  food  habits  of  the 
subspecies  C.  b.  oaxaais, 

Mojave  Desert  Sidewinder  (C.  c  cerastes). — Sidewinders  live  largely  on  lizards  and 
small  mammals,  the  smaller  snakes  favoring  lizards,  with  an  increasing  preference 
for  small  mammals  as  they  age  (Klauber,  1944,  p.  116).  I  have  examined  specimens 
that  contained  wliij>iail  li/ards  {Cncviidophorus  tigris)  and  pocket  mice  (Perog- 
nathus).  One  sidewinder  of  this  subsjiecies  contained  both  lizard  scales  and  mam- 
mal hair:  another  had  the  remains  o(  a  biid.  Mcrriam  (in  Stejne'^er,  1893,  p.  217) 
nu  iitioncd  spCLirncns  that  had  eaten  jiotkct.  uiicc  and  kangaroo  lals  {Di j)()domys). 
Woodbury  (l!)jl,  j).  1  IS)  also  had  a  spet  inu  n  thai  had  eaten  a  whijitail  li/ard.  Van 
Dcnburgli  (1922,  p.  957)  mentions  a  sidewinder  that  had  eaten  a  desert  horned 
toad  {Pfnynosoma  platyrhinos)  with  fatal  results  because  of  the  sharp  horns;  I  am 
uncertain  to  which  subspecies  the  snake  belonged.  Although  the  sidewinder  is 
primarily  a  night  feeder — it  is,  in  fact,  the  most  consistently  nocturnal  of  all  rattle- 
snakes— H.  T,  Woodall  found  one  that  was  eating  a  whiptail  lizard  above  ground 
at  midday.  This  was  at  Twentynine  Palms,  San  Bernardino  County,  California. 

Sonoran  Desert  Sidewinder  (C  c.  cercobombus). — Intestinal  remains  show  this 
subspecies  to  subsist  on  lizards  and  rodents. 

Colorado  Desert  Side-an>idey  {C.  r.  latcronpciis). — I. ike  the  other  subsj)ccics,  this 
sidewinder  li\es  on  small  nianmials  and  lizards.  Lizards,  bctausc  oi  their  clon^au  il 
form,  are  particularly  important  to  the  younger  snakes,  for  there  are  few  mannuals 
small  enough  for  a  juvenile  sidewinder  to  eat.  I  found  that  13  specimens  that  had 
eaten  mammals  averaged  457  mm.  in  length  (range  324  to  606  mm.),  while  10  that 
contained  lizards  averaged  341  mm.  (range  260  to  543  mm.).  The  lizards  that  were 
recognizable  were  desert  side-blotch  lizards  {Uta  stansburiana  stejnegeri),  fringe- 
toed  sand  lizards  {Uma  n.  notata  and  I  ' ma  inomata),  gridiron-tailed  lizards  {Cat- 
lisaunts  drarnnoides  gnhhi),  and  desert  \vhiptails  (Cnemidophorus  t.  tigris).  Among 
the  nianunals  eaten  weie  |»o(kct  nuee  and  kangaroo  rats.  C.  B.  Perkins  and  1 
tound  a  sidewinder  of  this  sul)s|)ecies  as  it  was  eating  a  dead  kant^aino  rat 
(Dipodomys)  on  the  road  at  7:30  May  23,  1946.  This  was  five  miles  east  of 

Indio,  Riverside  County,  California.  The  snake  was  584  mm.  long;  the  rat  was  an 
adult,  fairly  stiff,  and  a  traffic  casualty,  as  evidenced  by  a  cut  on  the  side. 


Copyriyliiou  iiiatcnal 


food 


Birds  arc  ot  rasionally  caicn;  a  sidcnvinder  530  mm.  in  length  was  found  to  con- 
tain a  Cnliiornia  yellow  warbler  (Dendroiia  aestiva  Incn'steri).  Another  had  eaten 
what  ai)j)eaicd  to  be  a  deseit  sparrow  (Ajnphispiza  biUneata  dcsfrticola).  Captive 
specimens  eat  mice,  although  they  do  not  feed  as  readily  in  captivity  as  most  other 
species  of  rattlesnakes.  Bogert  (1941b,  p.  338)  fed  one  a  northern  crested  lizard 
(Dipsosaurus  d.  dorsalis);  he  also  informed  me  of  another  captive  that  ate  a  Texas 
homed  toad  (Phrynosoma  camutum)  without  apparent  ill-effect. 

One  juvenile,  only  292  mm.  long,  from  Wellton  Kiesa,  Yuma  County,  Arizona, 
contained  a  fringe-toed  sand  li/ard  {Uma  n.  notata)  and  a  catcrijillar.  Whether 
the  lizard  had  eaten  the  caterpillar  first,  or  was  eating  it  when  stru(  k  by  the  snake, 
could  not  be  determined.  One  specimen  513  mm.  long  had  eaten  both  a  whiptail 
li/ard  and  a  mouse.  Gravel  or  sand  are  not  infrequently  found  in  the  intestinal 
tracts  of  sidewinders,  no  doubt  ingested  with  the  prey.  Such  insect  remains  as  are 
found  were  probably  contained  originally  in  the  stomachs  of  the  li/ards. 

Cnitrnl  American  Rattlesnake  (C.  d.  durissus).  I  have  little  pertinent  informa- 
tion on  the  fcctling  hal)its  of  this  laitler.  Twehe  specimens  that  I  examineil  (on- 
lained  mannnal  hair;  another  contained  feathers,  ([uills,  and  a  kernel  o(  (orn. 
From  its  large  size,  this  rattler  may  be  presumed  to  feed  principally  on  manunals, 
but  Picado  (1931,  p.  49)  stated  that  the  spiny-tailed  iguana  {Cienosaura  compleia) 
was  a  regular  prey  in  one  area.  March  (1928,  p.  55)  studied  it  in  captivity.  He 
reported  (p.  59)  that  adults  would  eat  rats,  guinea  pigs,  birds,  and  small  iguanas. 
The  young  ate  lizards  (Cnemidophorus);  he  thought  in  the  wild  they  mi^t  be 
dependent  on  grasshoppers  and  other  insects. 

Northwestern  Neotropical  Rattlesnake  (C.  d.  culminatus). — Eight  specimens  con- 
tained mammal  hair. 

South  American  Rattlesnake  (C.  d.  terrificus). — ^Nine  specimens  contained  mammal 
hair.  Anon.  (1894,  p.  124)  says  the  Brazilian  snakes  eat  the  cony  called  praia. 

Totonacan  Rattlesnake  (C.  d.  totonacus). — ^Three  had  mammal  hair,  and  one  bird 
feathers. 

Yucatan  Neotropical  Ratllcsuahc  (C.  d.  t/abcan). — Thirteen  specimens  contained 
rodent  remains. 

Loiver  California  Rattlesnake  (C.  e.  enyo). —  This  moderate-sized  subspecies  oc(  ui  > 
in  the  central  and  southern  sections  of  the  peninsula  of  Baja  California,  Mexico. 
Mammal  hair,  probably  from  mice,  was  found  in  four  specimens. 

Timber  Rattlesnake  (C.  h.  horridu.s). — 1  his  large  rattlesnake  of  the  eastern  United 
States,  while  primarily  preying  on  small  mammals,  does  eat  food  of  other  kinds, 
probably  with  greater  frequency  than  most  species.  Summaries  of  the  range  of  the 
timber  rattler's  prey  are  thus  given  by  some  of  my  correspondents: 

The  contents  of  the  majority  of  the  rattlesnakes'  itomacha  I  examined  were  rabbits,  gray 
tquirrels,  chipmunks,  mountain  mice,  and  grouse  eggs.  W.  W.  BrUtoUt  Chambersburg,  Pa, 

■o 

On  several  occasions  I  have  noted  rattlers  that  had  caught  and  swallowed  adult  cottontail 
rabbits,  as  well  as  adult  gray  squirrels.  Small  rodents,  Sttdi  as  chipmunks,  mice,  etc.,  form 
a  large  percentage  of  the  diet  of  the  rattlers  here  in  North  Carolina.  John  H.  Stanley,  V.  S. 
Forest  Sertfieet  Andrews,  N.  C. 
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The  timber  raulcsnakcs,  C.  h.  horridus,  that  I  liavc  opened  have  contained  small  rabbits, 
rats,  mice,  moles,  frogy.  toads,  young  grouse,  or  other  birds.  On  one  or  two  occasions  I  have 
found  a  squirrel  or  chipmunk.  L.  E.  Close,  State  Fhk  Warden,  Emporium,  Pa. 

I  have  killed  timber  rattlesnakes  with  half-grown  rabbits  in  them,  giay  squirrels,  weasels, 
rats,  loails,  birds,  garter  snakes,  grouse,  and  chickens.      W.  Crigger,  U.  S.  Forest  Service, 

HunlersvUlc,  W.  Va. 

Surface  (1906,  p.  196)  founil  that,  ol  the  Pennsylvania  snakes  he  dissected,  the 
food  compriseti  91  jjcr  cent  nianiin.ils  ;iiid  6  per  cent  snakes.  H(»^^•e^er,  Surface's 
results  evidently  were  premised  on  an  examination  of  only  17  rattlesnakes,  one  of 
wliich  hat!  eaten  anoilur  snake.  L'lder,  C^ottani,  and  Clarke  (19.)7,  p.  6()iS)  made 
much  nioie  extensive  studies  of  the  timber  rattlesnake  in  the  Ceorge  Washington 
National  Forest  in  Virginia.  They  had  253  specimens,  of  which  141  contained 
recognizable  food  items.  Mammals  comprised  86.9  per  cent  of  the  food  by  volume, 
birds  and  their  eggs  making  up  the  balance,  ex<xpt  for  a  trace  of  amphibian 
remains.  By  number  of  occurrences,  the  distribution  in  per  cent  was  as  follows: 
Mammals,  86.2;  birds,  12.6;  and  amphibians,  1.2. 

Surface  (1906,  p.  196,  fig.  23)  lists  the  following  mammals  disclosed  as  prey  by 
his  studies:  six  field  mice  (Microtits  pennsylvanicus),  one  jumping  mouse  (Zapus 
hudsonints),  one  white-footed  mouse  (Prromyscus  Icucopus),  one  undetermined 
shrew,  one  Norway  rat  (liattus  r.  norrr^lnis),  one  small  red  stjuirn  l  (piobahly 
Scitirus  h.  hudionicus),  one  rabbit,  one  conunon  shrew,  and  three  unidentified 
mammals. 

Uhler,  Cottam,  and  Clarke  summarize  the  mammal  prey  they  found  as  follows, 
the  first  figure  in  each  instance  indicating  the  percentage  of  the  total  volume  of 
food,  die  second  the  number  of  occurrences:  Shrews,  4.86—10:  chipmunks  and 

squirrels.  24.79—43;  mice,  37.86—65;  rabbits.  17.82—23;  and  other  mammals, 
1,54 — 3.  Of  the  mice,  white-footed  mice  (Peromyscus)  were  much  the  most  plentiful, 
occurring  in  17  stomat  lis.  Other  mice  identified  were  field  mice  (M icrotus)  a  pine 
mouse  (Pitymys  piueiorum),  a  red-backed  mouse  (F.vototnxs  carol inensis),  and  a 
jumpin;4  mouse  (Xnparozd fius  insigtiis).  '1  lieie  was  one  Not  \\  a\  rat. 

Next  to  the  mice,  clupmunks  [Tamios  st) iatus)  were  most  plentiiul,  being  iountl 
in  36  stomachs.  There  were  also  gray  squirrels  {Sciurtts  carolinensis)  in  four,  flying 
squirrels  {Glaucomys)  in  three,  and  the  remains  of  other  unidentified  squirrels  in 
three.  Cottontail  rabbits  {Sylvilagus)  occurred  in  23  specimens  and  ranged  from 
juveniles  to  individuals  three-fourths  gro^vn.  Sinews  (Sorex  personatus,  Blarina 
brevicauda,  and  Ciyptotis  parva)  were  found  in  10  stomachs.  One  individual  con- 
tained a  bat,  and  two  others  unidentified  mammals. 

Some  other  piililisliccl  records  and  lists  of  mammals  are  as  follows:  Diidlev  ( I72:>, 
p.  291) — siripctl  s(|uirrcls:  Kalm  (1752-53,  p.  59)-  bans  and  minks:  Autluhon  and 
Bachman  (^1851,  \ol.  1.  p.  60) — Florida  wood  rat  {Xcolaina  jlor'uhnin);  MeKaHc 
n907,  p.  124)— chipmunk  and  small  rabbit;  Netting  (1927,  p.  26:  19.'i2,  p.  13)— 
jumping,  meadow,  and  white-footed  mice,  common  rats,  shrews,  young  red  squir 
rels,  and  young  cottontails;  Babcock  (1929a,  p.  14) — short-tailed  shrew  (Blarina) 
and  meadow  mouse  (Microtus)',  Hubbard  (1936,  p.  281) — gray  squirrels,  two-thirds 
and  full-grown:  Greenfield  (1938,  p.  254) — ^woodland  jumping  mouse  {Napaeozapus 
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insignis);  King  (1939,  p.  578) — eastern  chipmunks,  red  and  gray  squirrels,  and 
cottontails;  and  Davis  and  Brinilcy  (1941,  p.  1 1)    lats,  mice,  rabbits,  and  squirrels. 

Smyth  (1919,  p.  7H)  rcpoitt  tl  the  following  as  prey  of  the  timber  rattlesnake  in 
Virginia:  Chipmunk  (Tamias  :>lriatus  fisheri),  shrew  {^Sorcx  c.  citicrcm),  white- 
footed  mice  (Pcromyscus  leucopus  novaboracensis  and  P.  maniculatus  nubiierrae), 
red-backed  mouse  (Cletkrionomys  gapperi  maurus),  woodland  jumping  mouse 
(Napaeozapus  insignis),  bog  lemming  (Synaptomys  cooperi  stonei),  and  All^heny 
wood  rat  (Neotoma  magister).  One  specimen  contained  three  genera — a  lemming, 
a  long-tailcd  shrew,  and  a  w'hite-footed  mouse.  Barbour  (19r)(),  p.  106),  in  eight 
timber  rattlers  from  Kentucky,  found  the  chipmunk  (T.  s.  striatus),  red-backed 
mouse  (C  g.  niauii/s).  white-footed  mouse  (P.  m.  nuhitcrrac),  and  the  jumping 
mouse  (.V.  /.  roanciisi:,).  I  hc  jumping  mice  predominated— seven,  to  three  chip- 
munks, and  one  eacii  of  the  others.  There  was  also  a  snail  that  may  ha\e  tome 
from  the  cheek  pouch  of  a  chipmunk.  Russ  (1950,  p.  47)  reported  tiiat  the  stomachs 
of  a  large  number  of  rattlers  killed  in  Elk  County,  Pennsylvania,  contained  young 
rabbits,  rats,  mice,  a  black  squirrel,  and  songbirds.  A  recent  newspaper  report  from 
Millersburg,  Pennsylvania,  concerns  one  rattler  that  ate  a  young  skunk,  and 
another  a  mink.  Sphar  (1953,  p.  37)  also  reported  finding  a  42-inch  Iiorridus  that 
had  swallowed  a  mink,  this  was  in  Centre  (>)unty,  Pennsylvania.  (iri//ell  (195.'), 
J).  277)  rejiorted  a  rattler  that  had  eaten  a  young  woodcliuck  {jSlarmota  monax 
rnondx).  This  liaj)[)eued  in  western  .Mai\hind. 

The  tollowiiig  are  some  mannnal  ])rev  rejjorts  from  my  own  correspondents: 

Gray  squirrels,  ground  squirrels,  and  frogs  have  been  seen  in  rattlers  which  liavc  been  killed. 
E.  A,  SchUttng,  V.  S.  Forat  Senrieet  FtanMm,  N.  C. 

-o 

A  small  rattlesnake,  approximately  one  foot  in  length,  which  I  collected  near  Laurel  Falls, 

Great  Smokv  Mmintaitis  National  Park,  \\as  foiiiul  in  have  a  wliitc  fooicd  mouse  (Pcro- 
myscus) in  its  stomach.  Another,  from  Sugarlands  Ridge,  was  46  inches  in  length  and 
weighed  three  pounds  five  ounces.  Upon  examining  iu  stomach  I  found  a  partly  digested, 
full-grown  cottonuil  rabbit.  Arthur  Stupka,  National  Pmrk  Service,  Catlinburg,  Term, 

There  is  no  tloubi  iliat  the  timbet  rattlesnakes  eat  some  birds,  including  game 
birds  and  domestic  poultry,  but  it  is  to  be  questioned  whether  their  inroads  are 
particularly  serious,  in  view  of  their  Hnown  preferences  for  small  mammals.  Prob- 
ably their  occasional  visits  to  the  hen  house  start  as  expeditions  against  the  rats 
and  mice  so  often  found  there.  Uhler,  Cottam,  and  Qarke  (1939,  p.  610)  found 
the  remains  of  game  birds  in  two  out  of  141  rattlesnake  stomachs;  one  contained 
the  leg  of  a  ruffed  grouse,  the  other  what  apparently  were  bobwhilc  feathers.  There 
were  l)ird  lemains  (other  than  those  of  game  birds)  in  18  stomachs;  the  species 
included  ihc  \ cllow  billed  cuckoo,  brown  thrasher,  wood  thrush,  cedar  waxwing, 
blackthioated  bitic  warbler,  ovciibird,  towlice,  giasslioppcr  spuiiow,  and  the  re- 
mains of  other  unidentified  sparrows  and  warblers.  Natiman  (1929,  p.  331)  found 
a  rattler  of  this  subspecies  that  had  eaten  an  adult  field  sparrow  and  a  nestful  of 
nearly  grown  birds. 

As  to  poultry,  as  long  ago  as  1675,  Josselyn  (p.  26)  reported  that  a  rattler  had 

swallowed  a  live  chicken;  and  B.,  J.  (1765,  p.  513)  states  that  one  ate  a  brood  of 
15  turkeys.  Rutlcdge  (1936,  p.  1 18)  found  a  voung  wild  turkey  in  a  specimen  he 
killed,  and  £rickson  (1950,  p.  43)  also  reports  tliat  a  young  turkey  was  eaten  by  a 
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lijiihri  r;iltl(i.  The  Millci sbiii l;,  I'cniis\  1\ am';i,  Soitiurl  ol  Scptniihci  23,  1953, 
coiiiaiiicil  an  accouiii  ol  one  ol  ihcsc  laiilcis  iliai  tontaincd  six  uild-iurkey  eggs; 
another  had  eaten  a  grouse  weighing  about  half  a  pound. 

The  following  are  some  of  the  reports  I  have  received  concerning  raids  by  the 
timber  rattler  on  poultry  yards: 

I  have  examined  the  stomachs  of  two  rattlers  that  had  eaten  grown  gray  squirrels,  and  one 
that  had  two  yoting  ral>hils  in  it.  AtuI  on  another  occasion  I  killed  a  large  one  near  my 
barn  t!iat  had  a  frying-size  chicken  almost  swallowed.  W,  A.  Spiller,  District  Warden,  Haley' 

villi',  Ala. 

I  have  known  timber  rattlers  to  eat  chickens,  large  and  small.  H.  R.  W  right,  Waldron,  Ark, 

o 

1  lia\c  sctn  lalllcrs  Ivill  and  U  y  lo  suallow  halt-gruwn  chickens.  James  T.  Hoover,  U.  S.  For- 
est Service,  Plaitwiew,  Ark. 

Blakcy  (19'}7.  p.  13)  louiul  a  liiulin  lalllt  i  tliat  had  swallowed  lour  wild-tuikcy 
eggs.  ']  his  was  in  the  Missouri  O/ark  Range.  Fiagnicntary  reports  indicate  that 
horridus  occasionally  eats  snakes,  lizards,  and  frogs,  but  1  have  no  corroborative 
details,  beyond  the  traces  of  amphibian  remains  mentioned  by  Uhler,  Cottam,  and 
Clarke  (1939,  p.  608).  Frogs,  small  fishes,  and  small  snakes  are  mentioned  by 
Shorey(195S,  p.  25). 

Cancbrake  Rattlesnake  (C.  h.  atricaudatus). — ^This  rattlesnake — one  ol  the  larg- 
est— ^is  capable,  even  when  young,  of  eating  full  grown  mice.  It  has  been  known  to 
eat  rabbits,  tree  squirrels,  rats,  and  mice.  Birds  are  sometimes  taken. 
Some  of  the  reports  received  from  my  correspondents  are  the  following: 

Our  rattlesnakes  eat  small  rabbits,  tree  squirrels,  rats,  and  birds  of  all  kinds.  A  six-footer  I 
cut  open  had  two  grown  squirrels  in  its  stomach.  /.  Af .  Shemin,  Alexandria,  La. 

■o 

In  Louisiana,  we  found  ntimerous  rattlesnakes  throughout  the  north'central  portion  of  the 

stale.  On  one  occasion  \m  discovncd  one  aliout  four  feet  loni;  that  liad  just  eaten  ttvo  young 
ral)l)its  tliat  urrr  rlcaily  sisihlr  ;ts  Iminps  in  its  stoniadi.  I  lii*.  indix  i<hial  ua>  \ti\  listless 
and  could  hard)  coil  lo  strike.  1  lia\e  also  found  field  mice  in  olheiN  that  1  killed  and  dis- 
sected. Ralph  C.  Bryant,  V.  S.  Forest  Service,  Ouray,  Colo. 

■o 

Swatnp  laltlcrs  \ntrlrau<l(itiis .?]  prefer  r.ihhits  to  other  aiiim  ils  for  food,  Init  will  eat  stjuirrcls. 
The)'  will  eat  buiall  chickens  and  birds.  As  you  ma)  know,  rahbits  aie  cyclic  as  also  are 
squirreb.  I  have  seen  a  definite  increase  in  the  number  of  rattlesnakes  when  there  xeas  an 
abundance  of  rabbits.  Joseph  T.  McCultough,  U.  S,  Forest  Service,  Brooklyn,  Miss. 

Goodrum  (1910,  p.  21)  mentions  three  occasions  when  rattlesnakes  of  this  sub- 
species were  observed  to  be  eating  gray  squirrels  (Sciunts  c.  carolinensis).  Zipperer 
(1947,  p.  30)  found  one  less  than  five  feet  long  that  contained  a  full-grown  squirrel; 

he  was  surprised  so  large  an  animal  could  have  been  swallowed  by  a  snake  this 
size.  His  ^tij.  uions  showed  other  food  items  of  this  subspecies  to  be  rabbits, 
rats,  birds,  ami  lioi;s.  Clark  (1919,  p.  260),  in  the  hill  jjai  islu  s  of  Louisiana,  found 
the  follow  inj^  in  the  storuaths  of  30  canebrakt  s  (atricdudalns):  10  rabbits,  8  nn'ce, 
6  rats,  and  1  squiircl.  1  here  were  also  fixe  l)obwhites.  Ktep  i  ISSL',  j).  27)  shot  a 
large  rattler  in  Louisiana  that  contained  several  tjnail.  IIowe\Li,  Lay  (1940,  p.  35) 
apjxti  cnily  does  not  consider  rattlesnakes  to  be  important  quail  predators,  since 
he  fails  to  mention  them  in  a  discussion  of  animals  that  make  serious  inroads  on 
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quail.  7>\7J^  Game  and  Fish  (December,  1953,  vol.  12,  no.  1,  p.  52)  (ontaincd  an 
illustration  of  what  aj)pcars  to  be  a  full-grown  (Ottontail  rabbit  that  had  been 
swallowed  by  a  large  canel)rake  rattler.  Tliis  was  in  ar  Hclh  ille,  Texas. 

Allen  and  Neill  (1950c,  p.  19)  give  the  following  as  the  food  of  the  canebrake 
rattler  in  Florida:  Juveniles — ^mice,  young  rats,  lizards,  and  small  birds;  adults 
(40  examined) — ^wood  rats»  barn  rats,  cotton  rats,  white-footed  mice,  pocket  go- 
phers,  and  field  sparrows.  Occasionally  they  eat  a  squirrel  or  a  young  rabbit.  Some 
of  my  correspondents  have  listed  frogs  and  toads  among  the  food  items  taken  by 
the  canebrake  rattler. 

Totalcan  Small-Headed  Rattlesnake  (C.  i.  intermedius). — ^Two  specimens  con- 
tained lizards,  quite  lai^  for  so  small  a  snake,  and  another  had  lizard  scales. 

Oinilieman  Small-Headed  Rattlesnake  (C.  i.  omiltemanus). — One  specimen  con- 
tained a  lizard,  and  eleven  had  lizard  scales  and  other  remains.  One  had  an  insect 
pupal  case,  which  may  have  come  in  via  a  lizard.  It  is  evident  that  these  small 
rattlers,  with  their  conspicuously  small  heads,  are  largely  dependent  on  lizards  for 
food.  R.  W.  Axtell  informed  me  that  one  lizard  preyed  on  by  this  rattler  is  Scelop- 
orus  mucronatus  omiltemantis. 

Mottled  Rock  Rattlesnake  (C.  1.  lepidus). — Marr  (1944,  p.  488)  found  a  red  scaly 

li/ard  (Sceloporus  poinsetti)  in  one  of  these  little  rattlers.  Probably  the  young  are 
largely  lizard  feeders:  although  the  advilts  eat  both  mammals  and  lizards,  the  latter 
seem  to  be  preferred.  Of  those  that  I  have  examined,  seven  contained  lizard  re- 
mains as  compaiinl  w  'nh  one  that  had  eaten  a  tnannnal  and  one  a  bird.  Milsteaci, 
Mecham,  and  MiCHintock.  (1950,  p.  557)  founil  that  the  following  had  been  eaten 
by  specimens  collected  in  lerrell  County,  lexas:  eastern  spotted  race  runner 
(Cnemidophorus  g,  guhris),  Texas  tree  uta  (Urosaunts  o.  omatus),  Texas  homed 
toad  {Phrynosoma  comutum),  a  western  hook-nosed  snake  {Gyalopion  canum)i 
and  a  frog  (Syrrhophus  mamocki),  A  captive  specimen  ate  several  southern  ground 
snakes  {Haldea  stn'/itiila).  Falck  (1940,  p.  135)  has  also  reported  on  its  feeding 
habits  in  captivity.  He  fed  it  mice  of  various  kinds,  a  number  of  frogs,  and  three 
tiger  sahimanders.  It  killed,  but  refused  to  eat,  a  newt  (Triturus  viridescens 
symmetrica). 

Banded  Rock  Rattlesnake  (C.  1.  klaidjeri). — This  snake  is  primarily  a  lizard  eater, 
even  as  an  adult,  I  found  several  with  ^'arrow's  scaly  lizards  {Sccloporiis  j.  jarrox/i) 
and  other  unidentifiable  li/ard  remains  in  the  intestinal  tract.  Campbell  (1931, 
p.  10)  found  two  jarrovi  in  one  specimen  and  one  in  another.  Woodin  (195.'^,  p.  294) 
reports  having  found  a  mouse  and  a  spiny  lizard  (probably  Sceloporus  clarki)  in 
Huachuca  Mountain  specimens.  Kauffeld  (1943a,  p.  350;  1943b,  p.  609)  has  re- 
ported on  their  food  habits  in  captivity.  Both  adults  and  young  accepted  lizards  and 
mice  of  appropriate  sizes.  Woodin  stated  that  in  captivity  klauberi  preferred  dead 
jarrovi  to  li\'e  ones.  One  specimen  of  the  Tamaulipan  rock  rattlesnake  (C.  /. 
morulus)  contained  lizard  scales. 

San  Lvcan  Speckled  Rattlesnake  (C.  m.  mitchelli). — The  food  of  this  subspecies 
b  no  doubt  the  same  as  that  of  its  close  relatives  in  California  and  Arizona. 
One  adult  contained  mammal  hair;  another  a  whiptail  lizard  {Cnemidophorus 
maximus). 
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El  Mucrto  Island  Speckled  Ratllesnakc  (C.  m.  muerlensis). — As  previously  reported 
(Klaubcr,  19 19b,  p.  103),  ihis  stunted  island  subspecies  eats  lizards  and  mice. 
Li/aid  icniains  were  found  in  lour  specimens,  and  mammals  in  seven.  The  lizards 
were  either  side-blotch  li/ards  {Uta  stansburuina)  or  banded  rock  lizards  (Strepto- 
saurtis  mearmiy,  and  at  least  some  of  the  mammals  were  white-footed  mice 
(Peromyscm). 

Snuthu'cstcrn  Speckled  liattlcsnahc  (C.  ni.  pyrihus). — This  moderate-sized  rattler 
lives  primarily  on  nianinials.  Birds  are  occasionally  eaten,  and  li/ards  also,  the 
latter  especially  by  tlie  young.  Among  specimens  examined,  18  contained  mammal 
remains,  9  had  lizardsj  and  1  a  bird.  One  had  eaten  both  a  mouse  and  a  lizard, 
another  contained  lizard  and  insect  residue,  but  the  lizard  no  doubt  accounted 
for  the  insects. 

Camp  (1916,  p.  531)  reported  a  speckled  rattler  in  the  Turtle  Mountains,  San 
Bernardino  County,  California,  that  had  eaten  a  Stephens  canyon  mouse  {Pero- 
my^nis  crinitus  strpJiejisi).  Johnson,  Bryant,  and  Miller  (1918,  p.  275)  observed 
specimens  that  had  eaten  an  antelope  ground  squirrel  (Citellus  [=  AmrnospermO' 
phihis]  I.  Ictuin  iis)  and  a  while-looted  mouse  [Pcrojiiyscus  trnei).  I  found  a  young 
specimen  in  Highland  Valley,  San  Diego  County,  that  had  swallowed  a  Gambel 
white-footed  mouse  {Peromyscus  maniculatiis  gambeli).  Other  specimens  contained 
the  following  prey:  Dulzura  kangaroo  rat  {Dipodomys  agilis  simuUms),  southern 
California  side-blotch  lizard  {Uta  stansburiana  hesperis),  spiny  lizard  (Sceloporus), 
western  skink  (Eumeccs  sh!tonianus)t  and  chuckwalla  (Sauromalta  o.  obesus). 

Charles  Shaw  reported  a  large  specimen  that  contained  a  nearly  grown  cotton- 
tail (Sylxu'lagus  artdxiboni  sajirtidicgi).  AVade  Fox  told  me  of  Hnding  a  speckled 
rattler  in  the  loshua  Tree  National  Monument  in  California  about  to  cat  a  W'hite- 
footed  mouse  caught  in  a  trap.  One  was  observed  to  eat  a  dead  ground  s(]uirrel 
shot  some  three  hours  before.  Dean  E.  Batdielder  found  one  of  these  rattlesnakes 
that  had  eaten  eig^t  birds,  probably  goldfinches.  These  had  been  attracted  by  a 
small  fountain  installed  as  a  bird  bath  at  a  desert  camp.  Evidently  the  snake  had 
lain  in  wait  for  prey  at  this  fruitful  spot. 

Another  report  is  the  following: 

While  I  was  fisliing  in  a  stream  on  the  westerly  slope  of  the  San  Pedro  Mdrtir  Mountains  of 
Lower  Califoi iii;t.  I  heard  a  rattler  a  lew  feet  ahead  in  a  thicket  of  willows.  I  located  it  with 
some  diiiicull)  and  observed  tlial  it  had  tiic  head  of  a  full-si/ed  ground  squirrel  in  its  mouth. 
I  threw  a  large  rodi  at  the  snake,  injuring  it  slightly,  whereupon  it  dii^pn^ied  the  tquirrd, 
which  was  already  dead.  The  snake  proved  to  be  a  ^ecklcd  rattler  (C.  m.  pyrrhus).  Allan  5. 
Klauber,  San  Diego,  Calif. 

Panamint  Rattlesnake  (C  m.  stephensi). — This  subspecies  is  known  to  feed  on 
small  mammals  and  lizards.  Merriam  (in  Stejneger,  1893,  p.  215)  found  a  specimen 
that  had  eaten  a  kangaioo  rat  (Dipodomys)  and  a  pocket  mouse  (Perognathus). 
Russell  K.  Grater  wrote  me  that  he  had  dissected  spec  imens  that  had  eaten  a  pocket 

mouse,  an  antelo]:)e  groiuul  stpiirrel  (Citrltus),  and  a  /ebra-tailed  lizard  (Cnllisattrus 
draconoides  gabbi).  I  saw  one  that  had  eaten  a  full-grown  desert  whiptail  lizard 
(Cncmidophorns  t.  tigris). 

Xorthcrn  Black-Tailed  Rattlesnake  (C.  m.  molossus). — I  have  in  my  collection  a 
specimen  from  the  Santa  Catalina  Mountains  of  Arizona  that  had  eaten  a  white- 
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throated  wood  rat  or  pack  rat  (Xeotoma  a.  albigula),  and  Karl  Jackson  of  the  Na- 
tional Park  Service  found  a  rat  of  this  species  in  a  rnoloisus  at  Montezuma  Castle 
National  Moiumient.  Milstead,  Mechani,  and  McClintock  (1950,  p.  557)  report 
the  Encinal  mouse  [Peroniyscus  pectoralis)  as  a  food  item  of  tiiolossus  in  Terrell 
County,  Texas.  Vorhics  and  1  aylor  (1940,  p.  508)  found  that  large  specimens  in 
captivity  would  eat  two  or  three  wood  rats  at  a  feeding.  Woodin  (1953*  p.  295) 
says  that  captive  specimens  eat  dead  mice  or  kangaroo  rats.  I  found  unidentified 
mammal  hair  in  11  northern  blacktails. 

Mexican  Black-Tailed  Rattlesnake  (C.  m.  nigrescens). — Mammal  remains  (one  a 
Neotoma)  were  found  in  seven  specimens,  and  lizard  scales  in  one. 

I  have  no  data  on  the  food  of  the  San  Esteban  Island  blacktail  (C.  m.  estebanen- 
sis).  Both  mammals  and  lizards  occur  on  the  island. 

Mexican  Lance-Headed  Rattlesnake  (C.  polystictus). — One  contained  mammal 
hair;  another  a  small  passerine  bird  and  a  small  rodent. 

Arizona  Twiyi-Spotted  Rattlesnake  (C.  p.  i)ri(ci). — A  specimen  {toin  Graham 
Mountain,  Arizona,  disgorged  an  adult  field  mouse.  'I'his  snake  was  about  470  mm. 
long.  1  found  lizard  rcuiaius  in  nine  specimens  varying  in  length  from  258  to 
479  mm.  Sudi  remains  as  could  be  identified  were  Yarrow's  seal)  li/ards  (Sceloponu 

jarraui).  Gloyd  (1937,  p.  132)  also  found  the  scales  of  this  lizard  in  one  specimen. 
Woodin  (1953,  p.  295)  reported  a  pricei  containing  a  jarrovi  almost  too  large  for  it 
to  engulf.  Kauffeld  (1943a.  p.  353;  1943b,  p.  609)  has  discussed  the  food  habits  of 
captive  specimens  of  pricei:  he  found  that  tlicy  preferred  lizards. 

I  have  no  data  on  tlie  food  habits  of  the  subspecies  C.  p,  miquihuanus. 

Tancitaran  Dusky  Rattlesnake  (C.  pusillns). — Two  specimens  contained  lizard 

scales  in  the  digestive  tract.  Dr.  F.  A.  Shannon  informed  me  that  one  lizard  eaten 
by  this  rattler  is  Sceloporus  /.  ferrariperezi.  One  specimen  had  eaten  a  spiny  pocket 
rat. 

Red  Diamond  Rattlesnake  (C.  r.  ruber). — ^This  large  rattlesnake,  like  most  of  the 
diamondbacks,  generally  feeds  on  mammals,  particularly  rabbits,  ground  s(|uirrcls, 
and  rats.  Of  the  specimens  I  examined,  53  contained  mammal  remains,  ihiee  had 
eaten  li/ards,  and  one  a  bird.  Large  specimens  have  been  known  to  eat  cottontail 
rabbits  (Sylvilagits  audubojii  sanctidiegi),  brush  rabbits  (Sylvilagus  baclnnani 
cinerasct'Hs),  and  ground  scjuirrcls  (Citcllus  b.  bcechcyi).  I  cvis  (1913,  p.  242)  has 
given  a  detailed  account  of  watching  a  red  diamond  rattler  catch  and  eat  antelope 
ground  squirrels  {Citellus  [=  Ammospermophilus]  I,  leucurus).  This  same  indi- 
vidual readily  seized  and  ate  a  kangaroo  rat  (Dipodomys)  when  it  was  tossed  to  it 
In  a  specimen  from  Jamul,  San  Diego  County,  I  loimd  a  young  skunk  (Spilogale 
gracilis  microrhina).  Juveniles  arc  believed  to  live  largely  on  such  mice  and  rats 
as  l^ernrnysrvs.  Afirrotus,  and  Neotoma .  but  tliey  occasionally  cat  li/ards.  In  fact, 
I  have  iound  wliiptail  li/ards  (Cnentuiiijihoi  u.s  t.  niultncutattis)  in  subadult  red 
diamond  rattlers  measuring  88G  and  920  nun.  in  length. 

San  Luran  Diamond  Rtttthsnake  (C.  r.  lucasensis). — This  large  rattlesnake  fe((ls 
mostly  on  manmials.  Sjn  c  iinens  brought  to  the  San  Diego  Zoo  disgorged  cottontail 
rabbits  (Sylvilagus  auduboni  confinis)  and  black-tailed  kangaroo  rats  (Dipodomys 
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fucrrianii  inelaiiirnis).  liui  lurascnsis  dot  s  not  stoin  li/aicis,  v\cn  aftir  it  lias  at- 
tained adult  size,  for  one,  1,155  mm.  long  contained  parts  of  a  spiny-tailed  iguana 
(Ctenosaura  hemilopha).  Of  a  number  whose  intestinal  tracts  were  examined,  22 
contained  mammal  hair,  whereas  reptile  remains  could  be  recognized  in  only  three. 

Mojm'c  Rdtllrstidlw  (C  s.  s(  Utulatus).  -This  desert  subspecies  is  largely  a  nianiinal 
feeder.  1  found  manmuil  remains  in  the  intestinal  tract  of  21  specimens  and  li/ard 
scales  in  only  two.  One  individual  contained  insect  remains  as  well  as  those  of  a 
centipede.  C.  M.  Bogert  encountered  one  eating  a  kangaroo  rat  (Dipodomys)  in 
the  Antelope  Valley.  California,  at  10  p.m.  L.  M.  Huey  (1942,  p.  375)  found  one 
in  the  Organ  Pipe  Cactus  National  Monument,  southern  Arizona,  that  contained 
a  round-tailed  ground  squirrel  {Citellus  tereticaudus  ncglectus).  Johnson,  Bryant, 
and  Miller  (1918,  p.  275)  found  a  small  scutulatus  with  a  }ialf-swallo\vcd  adult 
pocket  mouse  (Prrogfiallius  longimfwhris),  and  another  contained  a  whiptail  li/ard 
(Cfinnidnphonts  //i^o  n).  Vol  hies  and  1  aylor  (1910,  p.  508)  fed  capti\  e  spccinu  iis  on 
white-throated  wood  rats  {^Xeotoma  a.  albigula).  A  Moja\c  lattler,  while  being 
carried  in  a  sack  by  a  collector,  ate  a  leaf-nosed  snake  (Phyllorhynchus  d.  perkinst). 

Iluamautfan  Ruttlcsnakc  (C.  s.  salvini). — Mammal  remains  were  found  in  two 
specimens  of  this  southern  subspecies  of  C.  scutulatus. 

Long-Tailed  Rattlesnake  (C.  stejnegeri). — specimen  contained  mammal  hair. 

Ttg^r  Rattlesnake  (C.  tigris). — I  found  mammal  hair  in  the  intestinal  tract  of  an 
adult.  Ortenburger  and  Ortenbutger  (1926,  p.  1 19)  came  upon  one  eating  a  whip- 
tail  lizard  {Cnemidophorus  melanosteUius).  KaufTeld  (1943a,  p.  35)  found  that  this 
species  W(tiil(I  eat  lizards  in  captivity.  This  is  a  rattle  snake  remarkable  for  the  small 
si/e  of  its  head,  so  that  it  may  be  presumed  to  feed  on  lizards  to  a  greater  extent 
than  otiier  rattlesnakes  o£  similar  body  size. 

Tortuga  Island  Diamond  Rattlesnake  (C.  tortugensis). — ^This  rattlesnake  is  known 
to  feed  on  mice.  Several  of  my  specimens  contained  mammal  hair.  A  white  footed 
mouse.  Pcromyscus  dickeyij  is  plentiful  on  Tortuga  Island,  in  the  Gulf  of 
California. 

Cross-Banded  Mountain  Rattlesnake  (C.  transversus). — One  specimen  contained 
lizard  scales. 

Central  Plateau  Dusky  Rattlesnake  (C.  t.  triseriatus). — Davis  and  Smith  (1953, 
p.  142)  found  a  frog  in  one  specimen  antl  a  \vood  rat  (Neotomodon  alstonij  in 
another.  This  subspecies  seems  to  divide  its  diet  about  ccpially  between  mammals 

and  lizards,  as  I  found  1  specimens  to  contain  mammal  hair,  and  the  same  number 
with  lizard  n  niain^.  One  of  the  lizards  was  a  skink.  A  salamander  was  found  in  a 
young  spt  rinun  only  193  mm.  long.  Large  and  well-picseiAKi  insect  remains  were 
found  in  such  numbers  as  to  suggest  that  they  may  have  been  eaten  directly  by 
the  rattlers,  rather  than  having  been  brought  in  as  the  stomach  contents  of  lizards. 
These  included  a  beetle  elytron,  remains  of  a  cricket  (Gryllklae)  and  a  Jerusalem 
cricket;  also  the  jaws  and  head  of  a  centipede. 

Quen  taran  Dusky  liatllcsnake  (C.  t.  aquilus). — In  this  subspecies,  specimens  con- 
taining lizard  remains  outnumbered  those  with  mammal  hair  19  to  2.  Several  of 


Copyrighted  material 


Food  631 

the  lizards  were  spiny  lizards  {Scclnporus);  one  was  a  gecko,  and  one  a  gerrhonotid. 
There  were  also  a  frog,  a  cricket,  and  a  spider  (Argiopidae). 

Aruba  Island  Rattlesnake  (C.  unicolor). — ^This  species  is  said  to  prefer  rabbits  and 
lizards.  In  captivity  it  readily  eats  mice. 

Prairie  Rattlesnake  (C.  v.  viridis). — This  rattlesnake,  which  grows  to  a  large  size- 
up  to  four  feet  or  more,  in  some  areas — depends  principally  on  mammals  for  its 
food  supply,  but  also  preys  to  some  extent  on  birds  and  their  eggs,  lizards,  frogs, 

and  possibly  insects. 

The  tollowing  are  some  o£  the  reports  on  the  feeding  habits  of  this  rattler  sent 
me  by  correspondents: 

I  have  seen  prairie  raillcsnakts  in  tin-  process  of  swallowing  tlic  yoiinij  of  the  (oltontnil  rab- 
bit, gophers,  and  small  birdii;  and  I  have  opened  them  and  found  ground  squirrels  and  mice 
in  the  digestive  organs.  Glenn  Flathen,  V.  S.  Forett  Sernice,  CMUtp  Crook,  S,  Dak, 

■<>• 

I  liave  obscr\cd  prairie  rattlesnakes  for  about  20  years  and  have  found  that  they  prey  on 
young  rabbits,  ground  squirrels,  prairie  dogs,  mice,  and  birds.  M'.  J.  Pelermann,  V.  S.  Foreit 
Service,  Mccteetsc,  \\ yu. 

o 

I  have  heard  it  said  that  rattlesnakes,  prairie  dogs,  and  owls  live  peacefully  toj^ellur  in  ilic 
same  holes,  but  1  don't  believe  it.  Once  I  found  a  rattlesnake  swallowing  a  prairie  dug  some- 
wbat  over  half-grown.  Roy  C,  Spongier,  Predatory  Animal  Hunter,  La  Veta,  Colo, 

I  found  a  large  rattler  near  Paradise,  Montana,  that  had  just  devoured  a  full-grown  Colum- 
bian ground  s(|nirrel.  He  was  apprnximatcly  three  feet  long,  and  was  awkward  and  sluggish 
because  of  the  big  load  he  was  carrying  in  his  stomach.  C.  A'.  Lyman,  Newport,  Wash. 

<>■ 

Once,  during  the  summer  of  19S4,  while  at  Fort  Niobrara  National  Wildlife  Refuge,  Ne- 
braska, I  set  a  large  spring  trap  under  my  cabin  to  catch  what  I  thought  was  a  skunk.  I  was 

awakened  at  about  10  p.m.  by  a  furious  threshing  and  buzzing,  and  foiiiid  a  hv^c  female 
prairie  rattlesnake  caught  in  the  trap.  She  had  eaten  a  nearly  full-grown  cottontail  rabbit. 
When  crawling  under  the  cabin,  the  rabbit  had  sagged,  springing  the  trap.  W.  E.  Beed,  Fish 
and  Wildlife  Service,  Waupitn,  Wis. 

I  have  examined  the  stomach  contents  of  prairie  rattlen  and  have  never  found  anything 
but  gopheis.^  I'o-'vibly  50  stomachs  were  examined  over  a  period  of  years.  William  Lakanen, 
Game  Warden,  Rawlins,  Wyo, 

Coues  and  Yarrow  (1878,  p.  268)  mention  the  prairie  squirrel  (Spermophilus 
[Citellus]  richardsoni)  as  being  among  the  prairie  rattler's  prey.  Williston  (1878, 
p.  209)  and  Brons  (1882.  ]).  5  fib)  report  that  these  rattlers  feed  extensively  on  young 
prairie  dogs  (Cynomys  I.  ludovicianus). 

These  ;i(  (()tints  stress  the  larger  rodents  as  romprisiiig  the  prey  of  the  prairie 

i;iiil<  r.  \\  itliiuit  doubt  tht■^  also  feed  to  an  important  c:xlc'iit  on  llic  smallti  cica- 

tiires  of  die  plains,  grouped  under  the  terms  rats  and  mice,  especially  kangaroo 
rats  (Dipodomys),  wood  rats  (Neotoma),  pocket  mice  (Perognathus)^  harvest  mice 
(Reithrodontomys),  white-footed  or  deer  mice  (Peromyscus),  and  meadow  mice 
(Microtus),  Marr  (1944,  p.  488)  mentions  one  that  had  fed  on  an  upland  meadow 
mouse  (M,  haydeni).  Bateman  (1918,  p.  501)  examined  the  stomachs  of  158  prairie 

*  No  doubt  small  ground  squirrels  (Citelltu),  which  are  generally  called  gophers  in  the  prairie 
states. 
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rattk  rs  in  ( onntH  t  ion  with  a  j)iaiiic-dog  control  piojcc  t.  Of  tliosc  containing  food, 
about  hall  had  caicn  meadow  mice  (^Micntlus),  and  about  liaJf  hiik  buntings  (Ca/a- 
mospiza).  Hamilton  (1950,  p.  M)  found  Microtus  in  each  of  seven  specimens  col- 
lected in  southwestern  South  Dakota.  Mosimann  and  Rabb  (1952,  p.  26)  observed 
that  viridis  in  Montana  had  eaten  deer  mice  (Peromyscus  maniculatus  artemisiae). 
As  rodent  dcstioyeis  ilusc  snakes  have  great  economic  merit;  it  is  unfortunate  that 
this  valuable  quality  should  be  counterbalanced  by  the  danger  of  snake  bite  to 
human  beings  and  stock. 

A.  ^^.  |:ukle\,  at  that  lime  South  Dakota  latilcsnake  control  oflicer,  had  this  to 
say  about  the  fre(jueniy  with  which  birds  are  eaten  by  prairie  rattlers: 

I  frec|ucnily  fiiiil  ihai  laitlers  have  fed  oti  mature  birds  up  to  the  size  of  meadow  larks.  I 
captured  a  dozen  rattlers  within  a  mile  of  a  den  last  spring  that  had  gotten  their  first  meal. 
Eight  had  caught  birds  and  four  had  eaten  rodents.  Among  the  birds  there  were  four  meadow 

lark";,  a  touhec,  a  catbirfl.  nml  tuo  hnincfl  larks.  The  rodcnt<.  were  IT  striped  gophers*  and 
one  mole.  I  luinted  along  the  Bad  River  early  in  June  where  there  are  ring-necked  pheasants, 
and  found  two  rattlers  that  had  taken  young  pheasants,  three  with  young  grouse,  and  nine 
that  had  eaten  rodents. 

Other  repoi  ts  ot  correspondents  who  found  evidence  that  prairie  rattlers  prey  on 
birds  follow: 

Once  1  .saw  a  raulcsnakc  robl)ing  a  meadow  lark  s  iicsl.  When  I  tnst  saw  the  snake  it  had 
part  of  the  last  small  bird  still  sticking  out  of  its  mouth.  I  killed  the  snake  with  a  shovel 
and  cut  him  open  in  several  places,  but  found  nothing  except  four  small  birds.  The  birds 
were  not  feathered  out  yet.  Eddie  Buchta,  U.  S.  Fish  and  Wildlife  Service,  Moneta,  Wyo. 

I  killed  a  rattlesnake  and  opened  him  up  and  found  six  young  meadow  larks  in  his  siumach. 
These  birds  were  nearly  old  enough  to  fly.  And  once  I  fbund  in  a  rattler  a  young  nbbic  that 
I  would  say  nniot  have  been  six  weeks  old.  The  rattler  was  three  and  a  half  feet  long.  Judge 

II'.  S.  Owens,  Cody,  IVyo. 

I  have  killc«l  a  i^oik!  many  rattlers  in  this  vicinity  but  onl\  invcsti.;air<l  tS.i  siomach  con- 
tents (if  n\i>.  One  snake  contained  fi\c  fully  feathered  mca<low  larks;  ilie  oilier,  a  large  rat 
or  small  prairie  dog.  Himard  L.  Mnnson,  V.  S.  fish  and  Wildlife  Hervice,  Scxccastle,  Wyo. 

Other  records  of  birds  eaten  by  prairie  rattlers,  as  mentioned  in  letters  I  have 
received,  indiKlcd  roljins  and  a  raven.  Aiisicn  S  (laioill  informed  me  that  once 
wlien  hiuiting  grouse  in  South  iJakola.  he  bioughi  down  t\\<)  birds,  .\ftcr  retriev- 
ing the  fiist,  he  scnight  out  the  second  and  found  that  it  was  being  swallowed  by  a 
prairie  rattler.  VVillistoii  (1878,  p.  203)  found  thai  these  rattlesnakes  had  eaten 
slum  larks  and  lark  finches  (Chondestes  grammaca).  Brons  (1882,  p.  585)  said  that 
they  ate  the  young  and  eggs  of  the  burrowing  owls  (Speotyto  cunicularia  hypogaea), 
with  which  they  are  so  often  presumed  to  live  in  peaceful  tenancy  in  the  prairie-dog 
towns. 

Other  reports  of  egg-eating  are  these: 

For  years  I  have  made  it  a  practice  to  open  rattlesnakes  I  h.ne  killeil  (o  investigate  suspicious 
bulges.  On  several  occiisions  I  have  found  frogs  which  hail  been  swalloived  head  first;  also, 
young  horned  larks  and  other  unidentified  young  birds.  A  particularly  heavy-set  fellow  I 
killed  one  moming  in  my  hen  house  had  an  unbroken  egg  about  midway  down.  F.  R.  Coch- 
ran, U.  S.  Forest  Service,  Sundance,  Wyo, 

*  Citellus  tridecemVmeatus, 
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I  lived  in  northeastern  Colorado  for  25  years,  and  found  lots  of  rattlers.  I  have  seen  them 
eat  eggs  where  ihe  birds  nested  on  the  ground.  Charles  G.  Holzu'orth,  Game  H  arden, 
Kremmling,  Colo. 

C  B.  Perkins,  \s  \\o  collected  prairie  rattlesnakes  at  denning  time  near  Plattt  \  ille, 
Colorado,  found  that  young  of  the  year  regurgitated  lizards,  including  northern 
earless  li/ards  [ilolbrookia  m.  maculata)  and  northern  prairie  swifts  {Sceloporus 
undulatus  garmani).  Larger  specunens  usually  disgorged  mice,  thought  to  be 
Peromyscus.  Mr.  Perkins  was  told  of  a  large  specimen  that  had  swallowed  an 
eastern  short-homed  horned  toa<f  {Phrynosoma  douglassi  hrevirostre).  Hamilton 
(1950,  p.  34)  found  two  prairie  rattlers  that  had  eaten  horned  toads  of  this  sub- 
species. 

Several  correspondents  state  tliat  the  prairie  rattlesnake  eats  toads  and  frogs,  but 
no  details  are  given.  I  judge,  from  obscixations  of  related  siibspecies,  that  they 
probabl)  eat  frogs  occasionally.  C.  H.  McDonald,  U.  S.  Forest  Service,  Stevcns\ ille, 
Montana,  wrote  that  he  had  forte-fed  a  large  rattler  with  a  big  toad,  but  it  was 
thrown  up  several  days  later.  Stabler  (1948,  p.  168)  found  a  viridis  near  Colorado 
Springs  that  had  eaten  a  spadefoot  toad.  Several  correspondents  mention  such 
insects  as  grasshoppers  and  Mormon  crickets  as  having  been  eaten  by  this  rattler. 
Sometimes  arthropods  such  as  these  are  ingested  with  prey,  and  their  i  cmains  out- 
last the  creatures  that  originally  ate  them.  I  have  little  doubt  that  such  insects  are 
occasionally  eaten  but  lack  definite  proof. 

Grand  Canyon  Rattlesnake  (C.  v.  abyssus). — One  specimen  contained  a  lizard  of 
the  genus  Sceloporus;  another,  mammal  hair. 

Coronado  Island  Rattlesnake  (C.  v.  caliginis). — ^This  subspecies  differs  from  the 
mainland  kelleri  in  that  it  feeds  primarily  on  lizards,  and  this  in  spite  of  the  fact 
that  South  Coronado  Island  is  wdl  populated  with  rodents  that  an  adult  caliginis 
could  cope  with  quite  successfully.  I  am  told  by  L.  M.  Huey  that  the  Coronado 
Island  white-footed  mouse  (Pcro?u\scus  maniculatus  nsslmilis)  is  relatively  abun- 
dant on  the  island.  C.  v.  helleri,  on  the  mainland,  feeds  primarily  on  mammals, 
although  lizards  comprise  an  important  part  of  the  diet  of  the  juxeniles.  Rut 
cali<!;!nis  does  not  modify  its  propensity  for  li/arils  c\  cn  when  it  has  i  cadu  d  a  size 
such  that  it  could  eat  mice.  Of  the  20  specimens  examined  that  contained  recog- 
nizable food  remains,  only  one  had  mammal  hair,  and  this  is  the  more  remarkable 
since  hair  is  recognizable  until  the  feces  are  voided,  which  is  not  always  true  of 
lizard  scales.  The  other  19  contained  lizard  remains;  six  could  be  recognized  as 
alligator  lizards  (Elgaria  tmilticarinota  nana),  three  as  skinks  (Eumeces  skiltoni- 
an'us),  and  one  as  a  side-blotch  li/.ud  (I'la  stnnsJnninvn  hespcris).  The  other  nine 
were  too  completely  digested  to  be  ulc  iitilied.  A  large  alligator  lizard  is  a  full  meal 
for  an  achilt  caliginis  (Klaubci,  HM'Jij,  p.  \)b).  /.urifel  (1052,  p.  10)  icpuitcLl  that, 
of  eight  specimens  of  caliginis  examined,  two  had  eaten  skinks  while  four  contained 
alligator  lizards. 

Arizona  Blark  Kalllrsnnke  (C  v.  cerbcrus). — Two  specimens  were  found  to  con- 
tain mannnal  remains.  One  of  the  paratypcs  was  reported  to  have  eaten  a  bluebird 
(Sialia  mcxirann).  I  have  received  reports  that  this  subspecies  has  been  found  to 

'Actually  a  lizard  {Phrynosoma),  not  a  true  load. 
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have  eaten  western  mockingbirds  (Mimtis  polyglottos  leucopterus)  and  Arizona 
warblers  (I)f'?ulrnira).  It  should  not  he  thought  from  tiiese  few  records  that  ccrberus 
preys  to  a  greater  extent  on  birds  th:m  does  ori'gojjus  or  helleri.  Probably,  were  ade- 
t|uate  data  available,  it  would  be  found  that  inanimals  constitute  a  major  part  of 
the  food  of  the  adults,  and  lizards  a  moderate  part  of  the  diet  of  the  young. 

Midget  Faded  Rattlesnake  (C.  v.  decolor). —  I  hrce  specimens  that  I  examined  con* 
tained  mammal  remains,  lindoubtedly  this  subspecies  is  also  a  lizard  feeder,  if  we 
may  judge  from  its  close  r(  laii\es  (particularly  lutosus)  and  the  facts  that  it  is  both 
small  in  size  and  inhabits  an  area  with  a  plentiful  lizard  population. 

Southern  Pacific  Rattlesnake  (C.  v.  helleri). — This  moderately  large  rattlesnake, 
like  the  other  viridis  subspecies,  subsists  primarily  on  mammals,  although  the 
young  depend  somewhat  on  lizards.  Birds  are  occasionally  eaten.  In  my  own  in« 
vestigations  of  the  stomach  contents  of  southern  Pacific  ratih  i  s  I  found  that  among 
small  and  medium-si/ed  snakes — those  not  exceeding  650  nun.  in  length  c)vcr-all — 
there  were  134  with  mammal  hair  in  the  intestinal  tract  compared  with  26  with 
lizard  scales  and  one  with  bird  feacl»n.  However,  I  fed  that  this  is  not  an  un- 
biased feeding  record  of  the  juvenile  and  adolescent  snakes,  for  mammal  hair  is 
always  easily  recognizable  as  long  as  it  remains  in  the  digestive  tract,  while  lizard 
scales  can  sometimes  be  found  only  after  a  most  careful  investigation,  and  may, 
in  some  species,  be  so  completely  disint^;raied  as  to  be  unidentifiable.  Such  mam* 
tnals  as  could  !)e  identified  in  these  specimens  were  mostly  pocket  mice  (Perog- 
natltKs),  white  looted  mice  (Peromyscus),  or  meadow  mice  (Microtus).  Two  were 
an  a(hdt  fcnialt-  Ganilxl  white-footed  mouse  (Peromyscus  mnyiiculntus  gai/ibeli) 
in  a  iouihern  l*acilic  rattler  from  Poway,  San  Diego  (bounty,  aiid  an  adult  San 
Di^n  short-eared  pocket  mouse  {Pcrognathus  /.  fallax)  in  a  specimen  from  Lyons 
Valley,  San  Diego  County.  Two  baby  rattlers  only  SOO  mm.  long  had  each  eaten 
two  mice  of  undetermined  species,  and  another  had  eaten  a  mouse  and  a  lizard. 

Among  the  food  notes  in  this  subspecies  supplied  by  my  correspondents  are  the 
following: 

I  fouiK]  a  soutlicrn  Pacific  raltlci  swallowinp  a  brush  rabbit*  at  11  a.m.,  Mav  8,  1938.  When 
the  rattler  saw  me  it  backed  up,  dragging  (he  rabbit,  and  then  regurgitated  it.  The  make 
was  29  inches  long.  A.  C.  Watlen,  Los  Angeles,  Calif. 

■«> 

In  Mission  Gorge  I  came  upon  a  southern  Pacific  rattlesnake  swallowing  a  third-grown  San 

Dicj^an  cottontail  rabl)it  (Sy!Ti!fj'^it<i  audtihotii  mvrtidirgi).  It  was  bcin;^  caicn  Iicnd  first,  and 
the  front  feet,  which  were  compressed  against  the  sides,  were  still  showing,  although  the 
shoulders  were  within  the  snake's  mouth.  Another  time,  on  North  Cuyamaca  Peak,  I  found 
one  that  had  swallowed  a  half-grown  ground  squirrel  iCitcllns  beecheyi  nudipes).  This  meal 
had  not  l)ccn  digested  and  tlic  snake  lav  torpid  in  the  shade  beneath  a  bush.  £»  M.  Huey, 
San  Diego  Society  of  Natural  History,  San  Diego,  Calif. 

Mr.  Huey  also  told  me  of  a  nimble  kangai  oo  i  at  (Dipodomys  agilis  cabtaonae) 
that  had  been  eaten  by  a  rattler  of  this  subspecies.  Notes  from  two  other  corre- 
spondents follow: 

I  have  cut  two  rattlers  open  that  had  recently  fed.  The  first  \^as  in  the  sand  dunes  in  the 
cxiicinc  stiiuhuestcrn  corner  of  San  Luis  Oljispo  County.  This  snake  had  swallowed  a  half- 

*  Ashy  brush  rabbit  {Sylvilagus  bachmani  cinerascens). 
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grown  hvmh  rabbit."  1  he  other  had  swallowed  a  lialf  t>rown  di^Rcr  s(iiiirrel.  Thi";  was  on 
the  Klamath  River  about  half-way  between  Hornbiook  and  Copco."  Louis  Olive,  AUuras, 
Calif.  ^ 

I  found  a  southern  Pacific  rattler  eating  a  trade  rat  {Neotoma  atbigula)  on  the  desert  slope 
of  Hot  Springs  Mountain,  in  eastern  San  Di^  County.  Edmund  C.  Jaeger,  Riuenide,  Calif. 

Most  of  my  correspondents  agree  that  the  principal  large  manunals  eaten  by  this 
rattler  are  young  cottontail  or  brush  rabbits,  and  ground  squirrels.  The  following 
are  the  rattler's  mammal  food  items  identified  in  published  articles:  Grinnell  and 

Grinnell  (1907.  p.  53;  Grinnell,  1908,  p.  169)— Fisher  ground  squirrel  {Citellus 
beeclieyi  fishen)^  San  Bernardino  chipmunk  (Eutamias  speciosus),  Merriam  chip- 
munk {Ei<t(itt)/as  merriami),  meadow  mouse  (Microtua  califortiin/s),  and  San  Ber- 
nardino mountain  pocket  gopher  {Tlunnomys  nlthxilUs);  Alsatt  (1913,  p.  44) — 
hall-grown  ground  squirrels  and  adult  wood  rats  {Neotuma), 
Ornithological  prey  are  mentioned  in  the  following: 

On  a  little  used  truck  trail  between  I  anbark  Flats  and  Sunset  Peak  Lookout  in  the  Angeles 
National  Forest,  Los  Angeles  County,  we  saw  a  southern  Pacific  rattlesnake  crossing  the  road 
just  in  front  of  tl)c  car  and  ran  over  it.  We  found  that  it  bad  calcn  a  roadrimncr  (Gt'o- 
coctyx  californicus).  It  was  an  odd  incident,  for  tlicsc  birds  arc  supposed  to  kill  rattlers. 
Glen  E.  Sindel,  V.  S.  Forest  Service,  Descomo,  Calif. 

Seveial  correspondt  nts  mention  the  C.aliiornia  or  valley  tjuail  (Lopliorlyx  cnli- 
f<))tii(  iLs)  as  jjiey  ol  Llie  southern  Pacific  rattlesnake,  and  two  include  the  mourning 
dove  (Zenaidura  maaoura)  among  the  birds  eaten.  Pierce  (1933,  p.  62)  came  upon 
a  helleri  in  the  San  Bernardino  Mountains  while  it  was  eating  a  third-grown 
plumed  or  mountain  quail  {Ortyx  picta  plumiferay  The  snake  was  less  than  three 
feet  long. 

Chickens  and  turkeys  are  sometimes  taken. 

I  can  stale  positively  that  rattlesnakes,  besides  catin!4  ground  squirrels  and  small  rabbits, 
take  l>iiils,  iiu biding  doves,  small  rbickcns,  and  turkeys,  for  I  liavc  seen  them  prey  on  all  of 
these.  They  took  small  thitkcns  and  turkeys  from  my  coops.  The  coops  were  small  ones  in 
which  we  kept  one  turkey,  or  one  diicken,  and  her  brood.  The  snakes  only  took  very  young 
ones— say  up  to  three  wedts  old.  M.  W.  Durham^  U.  5.  Forest  Sertriee,  Pasadena,  Calif, 

Southern  Pacific  rattlesnakes,  like  many  other  kinds,  particularly  in  the  south> 
west,  feed  on  lizards  to  some  extent.  This  is  especially  true  of  the  young,  whidi 

can  more  easily  swallow  a  lizard,  with  its  attenuated  both ,  than  a  thicker-set  mam- 
mal. Among  the  li/ards  that  I  have  found  in  the  stomachs  ot  these  rattlers  are  the 
western  fence  li/ard  {Scclopo)  us  occidenlalis  biscriatus),  granite  spiny  lizard  [Scelop- 
oriis  o.  ox  iilti),  southern  mountain  swift  [Sccloporus  '^radosus  randcnbingiatius), 
southern  California  sidc-blotch  lizard  {IJta  siansbunana  iicsperis),  western  skink 
{Eumeces  skiltonianm),  coastal  whiptail  (Cnemidophorus  tigris  multiscutalus), 
and  the  San  Diegan  alligator  lizard  (Elgaria  multicarinata  webbi).  One  rattler  may 
have  eaten  a  tubercular  gecko,  but  the  condition  of  the  specimen  made  the  identi- 
fication doubtful. 

Southern  Pacific  rattlcis  rarely  eat  amphibians.  Von  Blocker  (1942,  p.  38)  re- 
ported tlie  remains  of  a  loafl  in  one  specimen;  besides  this,  it  contained  three 
Jerusalem  crickets  and  lour  mammals,  and  was  trying  to  swallow  another,  a  rather 

incredible  repast. 

^  Ashy  brush  rabbit  (Sylvilagus  bachmani  cinemscciis). 
■The  second  record  refers  to  C.  v.  oreganus. 
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('.real  Basin  Rdtlh  sudhe  (C.  v.  lutosii>>). —  Flic  Circnt  Basin  i  .lUlesnakc,  like  ihe 
Others  to  whicli  ii  bcais  u  bubspctiiic  relationship,  is  a  snake  ol  moderate  size  that 
feeds  primarily  on  small  mammals,  but  occasionally  on  birds,  and  also  on  lizards, 
particularly  when  young.  Lizards  are  extremely  plentiful  in  some  of  the  areas  it 
inhabits,  from  which  it  may  be  judged  that  the  mammals  available  for  the  mature 
snakes  may  be  a  more  important  limitation  on  the  rattler  population  than  the 
lizards  for  the  juveniles,  as  is  the  case  with  some  subspecies. 

]\rv  correspondents  Iiave  listed,  as  the  prey  of  this  rattlesnake,  young  ja(  krabbits, 
coiiontails,  pine  squirrels,  chipmunks,  gophers,  rats,  and  mice.  A  few  quotations 
from  their  leiii  rs  are  these: 

I  have  seen  vauicsnakcs  eating  mice  and  gophers.  It  takes  them  several  minute!)  lo  swallow 
a  lai^-sized  gopher.  I  have  also  seen  one  trying  to  swallow  a  fair-sized  baby  rabbit.  Albert 
MadarieUi,  Oakley,  Idaho. 

On  two  occasions  I  have  found  rattlesnakes  devouring  squirrels.  One  squirrel  was  a  pine 
squirrel,  the  other  a  Columbian  ground  squirrel.  E.  L.  Thompson,  V.  S.  Forest  Service,  Cas- 
cade, Idaho, 

•o 

A  few  years  ago  I  killed  what  I  believe  to  be  the  longest  and  heaviest  rattlesnake  ever  taken 
in  Oregon.  The  location  was  at  the  divcrsioti  dam  wliere  the  Blitzen  River  emerges  from  the 

ranyon  at  French  Glen.  Harney  Coiiiitv  Tlic  stinke  measured  S?>  inrhrs.  It  had  just  swal- 
lowed a  young  jackrabbit  which  measured  12  inches  from  nose  lo  the  lip  of  a  hind  fool. 
The  snake  tried  to  crawl  into  a  loose  pile  of  rocks,  but  the  large  lump  formed  by  the  re- 
(ciitly  swallowed  rabbit  kept  him  from  going  in.  On  other  occasions  I  luivc  found  a  red- 
l)a(kcd  mouse  (Fvotoniys)  and  a  meadow  mouse  {Microtus)  in  the  stomachs  of  rattlesnakes. 
iilanky  G.  Jcwtltj  Portland,  Oreg. 

o- 

A  rattler  captured  east  of  Bear  Lake,  Bear  Lake  County,  Idaho,  bad  swallowed  a  large 

Cohimhian  p;roiind  squirrel.  The  squirrel  was  diverged  after  the  snake  was  captured.  Earl 

C.  Sanford,  U.  S.  Forest  Service,  Vernal,  Utah. 

<- 

I  found  a  Great  Basin  rattlesnake  shortly  after  it  had  swallowed  a  Columbian  ground 

squirrel.  The  snake  was  very  la/y  and  all  swelled  up  around  the  squirrel.  It  was  hard  to  see 
how  he  ^t  it  through  his  jaws.  /.  W.  Stokes,  U.  S.  Forest  Service,  Ogden,  Utah, 

Benjamin  Banta  told  me  of  a  lutosus  that  had  eaten  a  kangaroo  rat  (Dipodomys), 
Another  known  food  item  is  the  pocket  mouse  (Perognathus  parvus).  Ira  La  Rivers 

of  the  University  of  Nevada  writes  mc  that  the  rattlers  of  western  Nevada  often 
prey  on  the  Piute  ground  s(juirrel  (Citcllus  toicnscndi  rriollis)  and  white-looted 
mice  ol  the  genus  Pfrutnysciis.  Printed  attounts  mention  the  following  manniial 
prey:  Piute  ground  scjuiirel  (C.  t.  thoIUs\ — Ridiardson  (1915,  j).  KM)  and  Pack 
(1930,  p.  22);  yellow  pocket  gopher  (^i  humomys  perpalidus  aureus) — Woodbury 
(1931,  p.  116);  antelope  ground  squirrel  (C.  /.  leucunts) — ^Hall  (1946,  p.  317);  Piute 
ground  squirrel  (C.  t,  mollis)  and  dark  kangaroo  mouse  {Microdipodops  mega- 
cepkalus  paululus) — ^Fautin  (1946,  p.  294). 

As  to  birds,  Ira  La  Rivers  (1912,  p.  66;  1944,  p.  428),  discussing  the  nesting  mor> 
tality  of  the  Brewer  blackbird  {Euphagus  cyanocephalvs),  states: 

Coming  home  atter  d.uk  one  warm  c\rning,  I  was  plavin'^  the  flashlight  on  the  ground 
before  mc.  for  the  location  of  a  rattksiiake  den  ncailiv  made  some  (aution  ncressarv. 
Passing  Nc-st  90,  the  light  centered  on  a  medium-sized  rattler  l)ing  aciuss  one  side  of  a  small 
sagebrush,  the  branches  bending  over  under  his  weight.  The  snake  remained  motionless 
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over  ilie  ncsl  for  n  moment,  then,  as  I  stood  immobile,  reached  in  and  look  tlic  lemaininp; 
nestling  in  his  jaws,  swallowing  tiic  liny  bird  wilh  no  diiriculiy.  Then  he  unobtrusively  slid 
from  the  bush  and  made  off  leisurely. 

The  same  author  wrote  me: 

I  found,  from  the  contents  of  a  rattler's  stomach,  that  the  wary  little  horned  lark  {Ulocoris 
alfesMs  leueolaetna)  U  an  occasional  victim,  undoubtedly  taken  at  night  while  brooding 
on  her  nest,  which  is  usually  built  on  the  ground  beneath  rabbit  brush  and  sagebrush. 

Another  communication  illustrating  the  bird-eating  propensity  of  the  Great 
Basin  rattlesnake  is  as  follows: 

I  noticed  a  rattler  lying  in  the  hone  trail  about  9:S0  a.m.  At  the  same  time  I  saw  a  little  wren 
on  a  sage  bush,  fluttering  its  wings.  All  at  once  the  rattler  struck  for  its  prey.  In  less  than 
three  minutes  it  had  swallowed  tins  small  bird,  and  lazily  crawled  into  the  sagebrush  for 
shade.  W.  V.  Connary,  Bancroft,  Idaho. 

One  corrcsponcleiit  inckides  grouse  among  the  prey  of  this  rattler,  while  another 
states  that  it  has  been  known  to  swallow  a  hen's  egg. 

^VoodblU"^  (193.'^,  p.  8)  fomifl  a  Ciieat  Basin  lattler  29  inches  long  eating  a  young, 
but  iuU-tcatliercd,  W'oocihouse  jay.  .\noiher  ate  a  western  chipping  spai  vow.  Jc  wett 
(1939,  p.  30)  saw  a  ratilcr  strike  and  kill  a  California  quail.  Fautin  (19^6,  p.  294) 
found  one  specimen  that  conuined  a  horned  lark  (Otocoris  alpestris  utahensis) 
and  saw  another  catch  a  vesper  sparrow  (Pooecetes  gramineus  confmis). 

In  my  examinations  of  the  contents  of  the  intestinal  tracts  of  Great  Basin  rattlers 
I  have  found  mammal  hair  more  frequently  tfian  li/ard  scales  in  a  ratio  of  about 
three  to  one;  the  young  specimens  contained  the  lizard  remains.  I'licy  were  seldom 
identifiable,  but  one  was  a  sagebrusli  swilt  (Scclopnrns  g.  graciosiis).  Pack  (1930, 
p.  22)  mentions  two  ju\cniks  that  had  eaten  lizards  of  this  sjiccics.  Benjamin  Banta 
told  me  oL  one  rattler  that  had  eaten  a  desert  whiptail  lizard  {Cnemidophorus  t. 
tigris).  One  of  my  correspondents  reported  that  he  saw  rattlers  gathered  around  a 
dead  sheep  for  the  purpose,  he  thought,  of  catching  the  flies  that  swarmed  about. 
It  may  have  been  that  they  were  seeking  the  lizards  that  find  a  dead  animal  a  fruit- 
ful  place  at  which  to  seek  their  insect  food. 

Two  of  my  correspondents  mention  toads  and  frogs  as  being  among  the  food 
items  consumed  by  the  Great  Basin  rattler.  The  fad  that  they  do  eat  frogs  is  fully 
verified  by  this  particularly  detailed  connnunication  from  Ira  I.a  Rivers: 

Diirin'^  thr  "sprinq;  of  1931  (Mav-Iimc)  I  opened  fojir  tulnstis  Avhovc  ■-tninatlis  ronlaincd 
leopard  froy  {Ratta  pipiens)  remains,  and  on  one  oc.cj.sion  I  saw  a  laigc  ratilcr  taplure  a 
frog  of  the  same  species.  The  small  pond  containing  the  frogs  was  some  15  feet  long  and  8 
feet  uide,  and  lay  at  the  northern  cd^c  of  the  area  covered  by  the  blackbird  ncsiini^  colony 
which  I  previously  reported  on,  and  nearly  due  east  of  the  ridge  containing  the  one  and 
only  large  rattlesnake  den  in  the  vicinity.  There  were  numerous  garter  snakes  about,  none 
very  large,  which  preyed  upon  the  frogs.  I)iit  ihis  is  the  only  spot  I  have  found  where 
Crotalw;  seemed  to  hunt  Uo'j^s  persistently.  The  one  direct  instance  of  capture  I  noted 
occurred  while  1  was  silting  beside  the  pool  on  a  very  dark  night  with  a  bull's-eye  lantern, 
trying  to  catch  some  frogs.  I  was  oonaderably  sUirtled  (to  put  it  mildly)  by  the  scream  of  a 
frog  .iix  III  10  yards  away.  You're  undoubtedly  acquainted  with  the  unearthlinrss  of  the 
sound;  and  altlioutrh  I  lutd  heaid  it  .i  f(iu|ilc  of  times  Ijcfore,  when  garter  snakes  captured 
frogs,  it  has  never  iaUcd  lu  .siarilc  me.  I  tla^hcd  the  light  over  and  spotted  a  large  rattler 
holding  a  medium-sized  pifnens  in  his  mouth,  the  frog's  head  hanging  on  one  side,  its  legs 
on  the  other.  At  the  time  1  first  saw  it,  the  frog  gave  a  couple  of  spasmcKlic  kicks,  then  lay 
still.  I  presume  the  snake  struck  just  before  the  frog's  cry;  if  so.  death  seemed  little  short  of 
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instantaneous,  although  it  could  have  otcurrcd  as  easily  from  the  mcchiiiut al  damage  of 
the  snake's  large  fangs  to  some  vital  center  as  from  the  venom.  At  any  laic,  ilic  snake 
ai^rently  struck  and  kept  his  hold-Hiot  lelcasing  the  victim  to  die,  as  seems  to  be  the 
case  generally.  As  M>on  as  the  frog  was  quiet,  the  snake  easily  ingested  it.  and  made  off 
leisurely,  after  a  short  rest. 

Arizona  Prairie  Rattlesnake  (C.  v,  nuntius). — I  found  mammal  hair  in  five  speci- 
mens. It  is  probable  that  the  young  feed  to  a  large  extent  on  lizards,  particularly 

the  speckled  earless  li/ard  {1  lolbrookin  tnaculata  a})proximaris)  which  is  very  com- 
mon in  many  areas  inhabited  by  nuntiKs.  The  laiici,  one  of  liie  sinalh  i  subspecies 
of  the  western  rattlesnake  (C.  viridis),  is  probably  even  more  dependeni  on  lizard 
food,  when  young,  than  its  larger  relati\es,  which  are  known  to  feed  on  lizards  to 
a  considerable  extent. 

Sortliern  Pacific  Rattlesnake  (C.  v.  oreganii^). — Most  reports  on  the  food  habits  of 
this  rattlesnake  stress  its  preference  for  mammals.  However,  it  is  known  to  eat  l)irds 
and  their  eggs,  reptiles  (lizards  are  especially  suitable  food  for  the  young),  and 
amphibians.  Among  the  mammals  reported  by  my  correspondents  as  its  prey  are 
young  jackrabbits,  cottontails,  brush  rabbits,  snowshoe  rabbits,  gray  squirrels,  pine 
squirrels,  chipmunks,  digger  and  rock  squirrels,  ground  squirrels,  marmots,  musk- 
rats,  kangaroo  rats,  wood  rats,  domestic  rats,  pocket  gophers,  voles,  pocket  mice, 
meadow  tnice,  white-footed  mice,  red-backed  mice,  jumping  mice,  and  house  mice. 
Some  typical  summaries  that  I  have  received  are  the  following: 

Tlu'  food  f)f  ihc  rnlllcstiakos  hricrdiouts  consists  of  all  kinds  of  mice,  small  birds,  inchiding 
robins,  sometimes,  and  rabbits,  squirrels,  and  chipmunks.  Marion  E.  KosCj  Pateros,  Wash. 

•o- 

The  food  of  the  northern  Padlic  rattlesnake  in  this  area  consists  largely  of  young  marmou. 
podcet  gophers,  mice,  voles,  bush  rats,  squirrels,  chipmunks,  immature  muskrats,  among 

rodents;  and  f.nmlic!.  \c^prr.  nnc]  ^n\niiti:di  spnrrf>\v<;,  nnd  other  sinnll   pjronnd  nesting 

birds.  The  largest  rodent  caleii  in  my  experience  was  a  inannoi"  measuring  nine  inches, 
exdusive  of  its  tail.  The  snake,  which  was  2  feet  10  inches  long,  was  so  distended  that  it 

resembled  an  inflated  tire,  and  its  scales,  Instead  of  lying  one  over  the  other,  stood  out 

separ;itely,  revcalincj  the  sliliiy  skin  l>etwccn.  Within  a  few  vaids  was  another  young 
marmot  still  warm,  and  two  more  snake's  of  2  feci  10  inches,  and  ^  feet  4  inches,  evidently 
about  to  dispute  possession  of  their  victim.  On  another  occasion,  while  poised  on  a  log  and 

about  to  step  down,  I  saw  beneath  me  a  large  rattler  with  greatly  distended  l)ody.  With 
some  diffniiltv  I  icrovcrcd  tin  l)alance  and,  having  duly  dispatched  him.  found  that  he  had 
swallowed  a  ItaU  grown  muskiat.^"  Another  time  I  killed  a  big  specimen  that  was  lying  on 

a  flat  slab  of  stone  underneath  which  lay  two  young  marmou.  cold  and  stiff,  which  it  had 
presumably  decided  were  rather  beyond  its  stomachic  capacity.  A,  C.  Mackie,  Vernon,  B.  C. 

The  prey  I  have  known  rattlesnakes  to  kill  consisted  of  Coliiml)ian  ground  squirrels, 
pocket  gophers,  chipmunks,  and  mice.  George  W.  Case,  U.  S.  Forest  Setvice,  Saint  Maries, 
Idaho. 

o 

The  rattlesnake  food  consists  mainly  of  rock  squirrels,  gopheis,  iiiiie,  ami  neuly  iiaiched 
birds.  Jesse  L.  Harris,  Pilot  Rock,  Oreg. 

o 

I  have  examined  lattlcsiiakc  slotnaths  and  found  s()iiiirels,  lais,  mice,  small  birds,  cf^gs,  and 
other  things  that  might  have  been  insects,  but  they  were  hard  to  identify.  Clarence  R. 
Ottsley,  Napa.  Calif. 

*  Pallid  yellow-bellied  marmot  {Marmota  fiamoentris  aumra). 
1*  Rocky  Mountain  muskrat  (Ondatra  xibethica  osoyoosensis). 
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I  have  found  the  stomacii  rotitrnts  of  rattlci-s  alont^  Corlina  Creek  to  include  squirrels, 
quail,  and  doves.  Rarely  tlicie  arc  oilier  small  Ijirds.  Squirrels  prcdoiiiinatc,  for  Corlina 
Creek  is  alive  with  them.  R.  M.  Williams^  ArbuekUt  CaUf. 

The  prey  of  rattlemakes  in  this  area  ootisists  mostly  of  aquirreb.  rats,  mice,  liiards,  and, 

occasionally,  small  I)irds,  and  chickens.  Thcv  frequent  the  places  wlicre  food  is  plentiful, 
such  as  areas  inlcslcd  by  !>quirrels,  wood-rai  ncsis,  or  buildings  where  there  arc  mice. 
Bemie  I.  Leas,  U.  S.  Forest  Service,  Platina,  Calif. 

The  mf)st  comjiletc  studies  that  liavc  been  published  on  tlie  feeding  habits  of 
any  kind  of  rattlesnake  aie  those  by  Fitch  and  Twining  (194r»,  p.  G4)  and  Fitch 
(1919a,  p.  317)  on  the  nortiiern  Pacific  rattler,  at  the  San  Joa(|uin  Jtxjjerimental 
Range,  a  co-opeiativc  range  and  livestock  management  project  carried  on  by  the 
United  States  Forest  Service,  the  University  of  California,  and  other  agencies  in 
Madera  County,  California.  The  ecological  conditions  on  the  Range  were  described 
by  Talbot,  Nelson,  and  Storie  (1942,  p.  7).  The  methods  used  by  the  snakes  in 
finding  their  prey,  as  outlined  by  Fitch  and  Twining,  are  quoted  at  length  else- 
wheic  (pp.  645,  647,  648).  The  list  of  the  animals  eaten  is  here  repeated  as  table 
9:1,  with  the  common  names  of  the  prey  added: 


TABLE  9:1 

Food  ok  the  Northern  Pacihc  Rattlesnake 
Reseabches  of  FrrcH  and  Twrnma 


Prey  itema 

Stomach 
cnunimtiom 

Scatological 
emainatioM 

Number 
of  pray 
itema 

Vet  cent 
of 
total 

Number 

of  pray 
itema 

Per  cent 
of 
total 

(Iround  squirrel  (Citellus  hiAilici/i)  

23 

26.44 

37 

41.11 

8 

9.20 

2 

2.22 

Pocket  mouse  {Perognathuti)  

10 

11.49 

2 

2.22 

5 

5  75 

24 

26.67 

White-footed  mouse  (Perumijiicus)  

10 

11  49 

4 

4.44 

Wood  rat  (Neotoma  fuacipes)  

1 

1.15 

4 

4.44 

3 

3  45 

1 

1.11 

0 

0  no 

2 

2  22 

14 

16.09 

3 

3.33 

Subtotal  mammals  

74 

85.06 

79 

87.78 

1 

1.15 

1 

1.11 

1 

1.15 

1 

1.11 

2 

2.30 

2 

2.22 

Red-headed  skink  (Bumeees  gUberti)  

0 

0.00 

2 

2.22 

3 

3  45 

2 

2  22 

4 

4.60 

3 

3.33 

2 

2.30 

2 

2.22 

2 

2  30 

0 

0  00 

Subtotal  reptiles  and  amphibians  

11 

12.64 

9 

10.00 

Grand  Total  

87 

100.00 

90 

100.00 
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Fitch  (1919a,  p.  547)  later  added  over  100  more  records,  nnd  at  the  same  time 
translated  the  data  into  the  proportionate  weight  represented  by  each  species  of 
prey.  He  reached  the  following  conchisions:  Mammals  romprisc  98.3  per  cent  of 
the  food  of  the  rattlesnakes  on  ilic  Range,  birds  0.7,  and  amphibians  and  reptiles 
1.0  per  cent  by  weight.  The  only  species  constituting  over  1.0  per  cent  arc  ground 
squirrels  68.8,  cottonuils  kangaroo  rats  5.5,  podiet  gophers  ZB,  and  wood 
rats  1.7.  But  Fitch  points  out  (p.  549)  that  certain  kinds  of  food — ^the  smallest 
species  of  mice  (such  as  Perognathus  inomatus)  and  the  lizards — although  com* 
podng  only  per  cent  of  the  food  by  weight,  are  nevertheless  highly  important 
since  they  are  t)ic  only  prey  that  the  very  young  snakes  can  successfully  swallow. 

The  comments  of  1*  itch  and  t  wining  (1946,  p.  68)  on  the  sizes  of  snakes  favoring 
different  kinds  of  prey  are  of  interest: 

Small  snakes,  less  than  a  year  old,  with  head  and  body  lengths  less  than  18  inches  and  with- 
out more  than  3  rattles,  had  eaten  one  ol  the  8  pocket  gophers,  one  of  the  5  kangaroo  rats, 
6  of  the  9  pocket  mice,  7  of  the  10  Peromyseus,  2  of  the  4  fence  lizards,  both  of  the  whip* 
tails,  the  3  brown -shouldered  lizarda,  and  both  of  the  spadcfoot  toads. 

Rabbits,  ground  squirrels,  wood  rats,  and  quail  are  the  main  food  of  the  large  snakes. 
Gophers,  kangaroo  rats,  meadow  mice,  larger  lizards,  are  eaten  mainly  by  middle-sized 
Individuab,  which  Ultewise  may  occasionally  talce  a  small  squirrel  or  rabbit,  or  any  of  the 

food  items  taken  l)y  the  sm.-ill  ';nnkr';.  Nfice,  small  lizards,  and  spadefoot  toads  comprise  the 
food  oC  the  smallest  ones  during  ihc  period  when  growth  is  most  rapid. 

With  respect  to  the  ground  squirrels.  Fitch  and  Twining  point  out  that  all  of 

those  eaten  were  young-of-the-year,  and  all  were  eaten  by  adult  snakes  having  a 
head  plus  body  length  in  excess  of  2  feet.  Nine  out  of  10  of  the  rabbits,  and  20  out 
of  23  of  the  squirrels  were,  in  fact,  eaten  by  snakes  exceeding  28  inches  in  length. 
By  summer  the  young  squirrels  have  grown  to  such  an  extent  that  they  are  beyond 
the  capacity  of  any  but  the  very  largest  snakes. 

Some  other  published  records  of  mammal  prey  eaten  by  the  northern  Pacific 
rattlesnake  are  as  follows:  Evermann  (1915,  p.  I)— Merriam  chipmunk  {Eutamias 
merriami);  Bryant  (1925,  p.  72) — wood  rat  (Neotoma);  Gilmore  (1934,  p.  70) — 
Ypsemite  pika  or  cony  (Ochotona  schistieeps  muiri);  Fitch  (19S6,  p.  651)--dtMlty- 
footed  wood  rat  (Neotoma  fuscipes)  and  meadow  mouse  (Microtus);  Hubbard 
(1941,  p.  206)— dusky-footed  wood  rat  {Neotoma  fuscipes),  and  California  brush 
mouse  (Peromyscns  hoyli  hoyli).  Evans  and  Holdcnried  (1943,  p.  243)  reported 
that,  out  of  14  northern  Pacific  rattlers  e.vamined,  4  had  eaten  young  California 
ground  squirrels  {Citellus  b.  becclieyi).  Pilch  and  Glading  (1947,  p.  104)  give  the 
same  list  of  mammals  as  Fitch  and  Twining  (1946),  and  a  further  discussion  is  con- 
tained in  Fitch  (1948a,  p.  589;  1948b,  p.  28;  and  1949a,  p.  548).  Linsdale  and  Tevis 
(1951,  p.  182)  tell  o£  the  heavy  inroads  made  by  these  rattlers  on  the  population  of 
the  Santa  Lucia  dusky-fooled  wood  rat  (Neotoma  fuscipes  luciana)  on  the  Hastings 
Reservation  in  the  Santa  Lucia  Mountains  of  California. 

A  number  of  my  correspondents  have  mentioned  special  items  of  mammal  prey 
taken  by  northern  Pacific  rattlesnakes: 

The  laiijest  prey  that  I  have  seen  heing  swallowed  was  a  half-grown  Oregon  snowshoe 

rabbit.'  E.  J.  Parker,  U.  S.  I'orest  Service,  Vkiah,  Oreg. 

Lepus  washingtoni  klamalhensis. 
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On  one  (xcisioii  1  foiiiul  .i  nortlicin  I'acific  ratilcsiKikc  feeding.  It  was  a  snake  al)()iit  12 
inches  lung  ihai  i  caiiic  upun  in  llic  daylinic  in  the  ^anla  Cruz  Mountains.  It  liad  in  its 
mouth  a  Californja  shrew-mole  (NeUrotrichus  gibbsi  kyaeinthinus)  whidi  is  an  unoomnum 
animal.  Anita  DaugheTty,  California  State  Fisheries  Laboratory,  Terminal  Island,  CaUf, 

Records  o£  not ihei  n  Pacific  rattlesnakes  that  have  preyed  on  birds  are  not  numer- 
ous. The  observations  of  Fitch  and  Twining  (1946,  p.  65)  have  been  mentioned 
ahready.  Various  observers  have  given  me  the  following  data  on  ornithological  prey: 

One  afternoon  when  out  for  a  walk,  I  saiv  my  dog  made  a  sudden  swerve  and,  on  approaching 
the  spot,  was  at  first  entirely  puizled.  A  bird,  with  outstretdicd  wings,  was  steadily  ap* 

proaching  me  tail  firHt.  I  then  saw  that  a  rattler  had  begun  to  swallow  it  hrad  first,  but 
had  been  unable  to  complete  the  process  by  reason  of  the  outspread  wings,  preventing  the 
passage  of  his  victim— a  Gambd  spanow'^— farther  than  the  shoulders. 

On  another  occasion  a  hen  Richardson  grouse"  was  seen  to  be  in  a  state  of  great 
agitation.  She  refused  to  fly  away  at  my  approach  and  I  saw,  close  l)v.  a  diick  still  warm. 
1  hinking  it  to  be  the  victim  of  a  weasel,  I  looked  for  tlie  culprit  and  seeing  something 
chequered  lying  concealed  in  a  tuft  of  grass,  I  stooped  down  to  pick  it  up,  when  I  saw  a 
rattlesnake  wriggling  away.  When  I  skinned  the  chick  two  hours  later,  decomposition  had 
so  far  advanced  that  one  wing  fell  off.  A.  C.  Machie,  Vernon,  B.  C. 

■o 

Lookout  Alfred  H.  Barnum  un  Deadwood  Mountain  saw  a  bunch  of  grouse**  scurry  away 
from  a  bush  one  day  and  observed  that  one  fell  flapping  to  the  ground  witliin  a  few  feet. 
He  came  down  from  his  20-foot  tower  to  examine  it  and  found  it  dead.  When  he  went  back 

to  the  bush  to  in\csti'»atc,  he  found  a  bii;  rattler,  which  he  killed.  Tl;ore  ^\c^(•  three  bloody 
slits  in  the  side  of  the  grouse,  showing  where  it  had  been  struck.  1  hese  grouse  are  about 
the  siie  of  mountain  quail.  George  S.  James,  U.  S.  Forest  Service,  Yreka,  Calif. 

Aside  from  the  records  of  Fitth  and  Twining  and  their  associates  on  the  San 
Joaquin  Kxperiinenlal  Range,  in  whidi  fotir  species  of  liyards  and  a  spadcfoot  toad 
are  shown  to  be  inchided  in  the  diet  of  the  northern  Pacific  rattlesnake,  not  many 
herpetological  food  items  have  been  called  to  my  attention.  Fitcli  (1910,  p.  169) 
has  mentioned  a  Yosemite  fence  liiard  {Sceloporus  occidentalis  taylori)  that  was 
eaten,  and  it  is  known  that  the  two  more  widely  distributed  subspecies  (5.  o.  occi- 
dentalis and  S,  0,  biseriatus)  are  important  parts  of  the  diet  of  young  oreganus 
throughout  its  range.  Insect  remains  (Coleoptera  and  Hymenoptera)  were  found 
in  one  young  rattler,  but  as  usual  there  were  lizard  scales,  suggesting  that  the  .snake 
had  not  eaten  the  insects  directly.  A  captive  oregnnus  ate  a  Icaf-nosed  snake  (Phyl- 
lorliynchus  dccurtotus).  Ilaihcock  (1937,  p.  339)  showed  a  photograph  o£  one  cap- 
tive oreganus  that  was  eating  another. 

Ridge-Nosed  Rattlesnake  (C.  willaidi).— Van  Denburgh  (1922,  p.  961)  reported 
a  specimen  of  the  Arizona  subspecies  that  had  eaten  an  adult  mouse.  I  have  noted 
one  containing  mammal  hair,  and  another,  a  juvenile  218  mm.  long,  that  had  eaten 
a  spiny  li/ard,  probably  Sccloporits  j.  jdrrovi.  No  doubt,  as  is  the  case  with  other 
rattlers  of  small  si/c,  li/ards  comprise  a  major  clement  of  diet  of  C.  rr.  ivlllordi, 
especially  of  the  young.  Kaufleld  (1943a,  p.  345)  fed  while  mice  to  a  captive  speci- 
men. Vorhies  (1948,  p.  902)  found  that  diey  ate  lizards  readily  in  captivity;  also 
one  ate  a  spotted  night  snake  (Hypsiglena)  about  as  long  as  itself.  Woodin  (1953, 

^'Zonotrieia  leucophrys  gambelL 

Dendragapus  obscurus  rirhardsnni. 
**  Sooty  grouse  {Dendragapus  obscurus  fulighiosus). 
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p.  295)  ohsciAfd  that  -willardi  would  cat  li/aids  in  capii\it\;  tht'v  were  ac(e|)tc(l 
when  dead.  One  xvillardi  was  found  to  t(jniain  a  brush  mouse  (rcromyscus  boyli). 
A.  E.  Ball  wrote  nie  that  a  ridge-nosed  rattler  thsgorged  a  scorpion  about  two  inches 
long.  The  food  of  the  other  two  subspecies  of  willardi  is  probably  the  same  as  that 
of  the  nominate  subspecies.  Two  specimens  of  the  Chihuahuan  ridge-nose  (C.  to. 
silus)  contained  mammal  remains,  and  another  an  alligator  lizard  (Elgaria  kingi). 
Lowe  and  Marshall  (m  litt.)  found  one  that  had  eaten  a  pileolated  warbler  (11/7 
son  la  fjusilla).  A  specimen  of  the  southern  ridge-nose  (C.  w.  meridionalis)  had 
eaten  a  mouse. 

Eastern  Massasauga  (S.  c.  catenatus). — ^This  is  the  lai^est  rattlesnake  of  the  genus 
SistruruSj  which  comprises  the  rattlesnakes  having  plates,  rather  than  scales,  on 
the  anterior  part  of  the  top  of  the  head.  According  to  Netting  (1932,  p.  II)  the 
massasauga  feeds  on  rats,  mice,  biKls,  and  frogs.  It  seems  to  feed  on  frogs  more 
consistently  than  any  other  ratth  >,nake  wliose  food  habits  arc  equally  well  known. 
In  sonic  an  us  it  inhabits  iiiarshv  giound.  whi(  h  pi  obably  ac  counts  ff»r  its  propensity 
for  ampliiljians.  F.xcrniarui  and  Claik  (1911,  p.  .'M8)  state  that  it  feeds  on  frogs, 
crawfish,  meadow  mice,  and  shrews,  and  probably  on  hsh. 

The  following  data  are  taken  from  published  accounts  of  this  rattlesnake: 
Taylor  (1892a,  p.  752;  1892b,  p.  357),  from  his  examinations  of  stomach  contents, 
believed  it  to  be  largely  a  mammal  feeder.  Atkinson  and  Netting  (1927,  p.  42) 
and  Lyon  and  Bishop  (1935,  p.  254),  each  report  specimens  that  had  eaten  meadow 
mice  (Microttis  pennsylvanicus).  Wright  (1941,  p.  668)  found  a  spectroen  contain- 
'm^  a  nordiei  n  white-footed  moirse  (Perntnysrus  Iciuopus  jiOTehorncerist's);  another 
contained  a  field  iiu)usc.  As  tf)  birds,  Netting  (1927,  p.  26;  19")2,  |).  11)  lists  them 
among  the  lood  of  tiiis  snake,  but  I  liaxc  no  data  on  the  jiaiticul.ir  sj)ecies  eaten. 

Kuilucn  (1911,  p.  270;  also  Riiih\en,  1  honipson,  and  I  hompMin,  1912,  p.  124; 
Ruthven,  Thompson,  and  Gaige,  1928,  p.  132)  mentions  two  instances  in  which 
massasaugas  ate  snakes,  both  of  which  had  probably  been  found  dead  when  they 
were  eaten.  One  of  the  snakes  was  another  rattler;  the  other  could  not  be  identi- 
fied.  The  same  authors  concluded  that,  in  Michigan,  frogs  comprise  the  bulk  of 
the  food  of  this  rattlesnake.  Atkinson  and  Netting  (1927,  p.  42)  reported  the  fuid- 
ing  of  spring;  peepers  (Flyla  crurtfrr)  in  specimens  collected  in  the  wikl.  f.cRay 
(19,10,  p.  20r>)  saw  one  that  was  feeding  on  a  leopard  flog  (Rana  f)ipicns).  l-ioin  its 
appiaiante  he  thought  the  iiog  niiL;ht  ha\c  been  flead  when  the  snake  found  it. 
Netting  (1932,  p.  11)  says  the  massasauga  eats  otlicr  Irogs  besides  sjning  peepers 
and  leopard  frogs.  Fox  (1948,  p.  66)  found  one  containing  a  large  frog. 

As  to  feeding  in  captivity,  Ditmars  (1912,  p.  231)  said  massasaugas  as  readily  eat 
frogs  as  small  mammals  or  birds.  They  usually  retained  hold  of  cold-blooded  prey, 
but  dropped  mammals  after  the  strike.  Atkinson  and  Netting  (1927,  p*  42)  fed 
captive  specimens  with  half-grown  leopard  fi  ogs.  Curran  (193.5,  p.  338)  says  some 
captive  specimens  will  eat  nothing  but  frogs;  but  im  the  other  hand  AViight  (1911, 
p.  6()8)  tells  irs  that  his  capti\cs  would  cat  onlv  white-footed  mice  or  h(  id  mice, 
even  though  frogs  weie  also  presi  iu.  I.oewen  (1917,  j).  .')'5)  kcjn  a  captixe  s|)ecimen 
nearly  11  years,  during  which  time  it  ate  mice,  sparrows,  chicks,  lizards  (2  race 
runners  and  a  collared  lizard),  one  young  rabbit,  a  bat,  a  mole,  and  pieces  of  meat 
of  various  kinds. 
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Westerji  Massn<;mi[rn  (S.  r.  tcrgrminus). — The  western  subspecies  of  the  massasauga 
probably  has  nnu  h  the  same  food  habits  as  tiic  eastern.  From  the  character  of  the 
country  it  inhabits,  it  niav  be  eNj)ected  t()  he  more  of  a  h/ard-  .and  l(  ss  of  a  froi^;- 
eatcr  than  its  eastern  counterpart.  One  Okhihoma  specimen  contained  a  wiiiptail 
lizard. 

Pigmy  }iattl('S)iahr  (S.  mih'arius). — Conant  and  Uridt;t's  (19'V.).  p.  143)  state  that 
this  species  feeds  on  mi{e,  vouni;  ])irds,  small  fiot;s.  li/aids,  snakes,  and  insects. 
Neccssaiily  tiie  diet  is  circumsi  i  ibed  by  its  small  size.  Davis  and  Brimley  (1911.  p.  9) 
add  baby  rats  to  the  menu.  Specific  food  records  are  few.  Wright  and  Bishop  (1915, 
p.  189)  found  the  remains  of  a  small  snake  or  lizard  in  the  stomach  of  one,  and  a 
brown  skink  (Leiolopisma  laterale)  in  another.  These  items  pertained  to  the  south- 
eastern subspecies  (S.  m.  barbouri).  Allen  and  Neill  (1950b,  p.  10)  say  that  the 
young  of  this  subspecies  prefer  slender  lizards  (Anolis);  the  adidts  eat  frogs,  lizards, 
ribbon  snakes,  young  water  snakes,  and  sometimes  the  young  of  their  own  subspecies. 

I  found  mammal  hair  in  an  individual  of  the  western  subspecies  (.S.  ni.  slrcckni) 
from  Avery  Island,  Louisiana.  Halter  (1915,  p.  (iO)  rejjoi  ted  that  a  gai  ter  snake  was 
swallowed  by  a  pigmy  rattler  in  captivity.  Clark  (1919,  p.  260)  examined  the  stom- 
ach contents  of  11  rattlers  of  this  subspecies  and  found  that  they  had  eaten  frogs 
{Rana  clamitans,  R,  pipiens  sphenocephala,  and  Acris)  as  well  as  an  unidentified 
bird.  The  food  of  the  Carolina  subspecies  includes  mice,  lizards,  small  snakes,  and 
centipedes  (Hamilton  and  Pollack,  1955,  p.  S). 

Mexican  Pigmy  Rattlesnake  (S.  ravus). — I  found  mammal  remains  in  two  speci- 
mens, and  lizard  scales  in  another.  One  lizard  of  the  genus  Mabuya  was  found  to 
have  been  eaten.  Davis  and  Smith  (1953,  p.  142)  report  that  a  captive  specimen 
ate  a  spiny  li/ard  (Sccloporus  torquttttis).  I  was  told  by  John  E.  Werler  that  captive 
specimens  prefer  lizards  as  food. 

MEI  HODS  OF  SECURING  l»RtV 

If  there  is  any  predominant  method  by  which  the  rattlesnake  secures  its  pi  cy,  it  is 
this:  He  lies  in  wait  by  a  trail  along  which  some  small  animal  is  likely  to  pass.  Aided 

by  a  k(  ( II  sense  of  smell,  a  heat  receptor  (the  facial  pit),  and,  to  a  lesser  extent,  by 
sight,  he  becomes  aware  of  a  passing  mammal.  He  makes  a  forward-lunging  strike 
at  the  ])rey.  At  the  end  (»f  the  stroke  his  fangs  seem  l)aic  ly  to  t«)U(h  the  victim.  The 
head  is  dniwn  ba(  k  and  the  snake  w.iils.  I  lu  bitte  n  picv  stumbles  forward  on  its 
way  lor  a  lew  feet,  or  maybe  for  several  yards,  if  it  be  large  or  the  sti  ike  has  not  been 
fully  effective.  The  victim  seems  to  hesitate  uncertainly,  then  loses  (onti  ol  of  its 
movements.  A  few  convulsive  kicks  and  it  is  dead,  only  a  few  seconds  or.  at  most, 
some  minutes  after  the  fatal  stroke;  for  the  venom  injection  is  large  in  proportion 
to  the  bulk  of  so  small  a  creature.  Meanwhile  the  rattler,  after  waiting  for  a  short 
time,  uses  the  sense  of  smell  to  follow  along  the  course  taken  by  the  stricken  animal. 
Reaching  it,  he  carefullv  touches  it  here  and  there  with  his  tongue,  as  if  to  find 
whether  there  reniaiiis  any  danger  of  a  retaliatory  l)iie  or  struggle.  Finally,  he 
seizes  it  by  the  nose  and  the  actual  swallowing  proceeds. 
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The  Purpose  of  Venom 

Of  course,  on  this  simple  patton  there  are  many  variations,  as  dictated  by  the 
particular  conditions  under  which  the  prey  is  found,  and  its  nature  as  well.  But 
primarily  it  is  to  be  noted  that  the  prey  is  bitten  aiul  th'es  from  the  venom,  for  a 
snake's  poison  is  csscnti;illv  a  means  of  secui  in<4;  food.  As  a  protection  ai^ainst  laiger 
enemies  it  may  have  value,  l)Ut  it  is  to  be  doubled  u  heilier  this  phase  was  important 
in  ilie  evohuion  of  the  poison  mechanism  of  snakes. 

Some  writers  of  bygone  days  (e.g.,  Lombard,  1861,  p.  88)  have  questioned  whether 
poisonous  snakes — ^rattlers  among  them — ^bite  and  inject  venom  into  their  prey, 
for  it  was  thought  that  poisoning  the  {»rey  would  render  it  unfit  for  food.  S.,  £. 
(1883,  p.  7)  claimed  that  he  saw  a  rattlesnake  swallow  a  bird  up  to  the  point  where 
it  had  been  bitten,  but  upon  reaching  this  poisoned  section  the  snake  stopped  and 
threw  it  up.  But  modern  studies,  both  in  the  field  and  laboratory,  have  left  no 
doubt  (oiueiiiing  this  purpose  and  use  of  the  venom;  and  as  to  a  possible  detri- 
mental ellect  on  the  suallowcr,  it  should  be  observed  that  venom  is  virtually  harm- 
less when  taken  internally — it  must  enter  the  blood  stream  to  be  injurious.  The 
theory  that  the  deteriorating  efiEect  of  venom  on  the  tissues  of  the  prey  actually  aids 
in  digestion,  a  theory  long  ago  advanced  by  Fontana  (1787,  vol.  1,  p.  63),  is  now 
generally  accepted  (see  also  p.  777).  The  protective  value  of  the  venom,  in  making 
it  unnecessary  to  hold  onto  and  subdue  a  struggling  creature  that  might  injure 
the  snake,  was  also  early  recognized  (Labat,  1722,  vol.  4,  p.  106;  Sloan,  17!M.  j).  331; 
Watson,  1751,  p.  286).  Thatcher  (11)10,  p.  36)  cites  the  fact  that  tame  rattlers  in 
captivity  will  strike  their  prey,  but  not  the  persons  who  handle  them,  as  another 
proof  that  the  purpose  of  the  venom  is  food  procurement  rather  than  defense. 

Charming  Prey 

For  a  long  time  it  was  believed  that  snakes — rattlesnakes  particulai  ly-  had  the 
ability  to  charm  or  fascinate  their  prey.  It  was  thought  that  a  rattler  had  only  to 
lie  under  a  tree  and  to  flash  its  glittcrin?^  i^lanre  upward  at  some  innocent  bird  or 
sauiri  el,  whei  eupon  the  poor  ci  eatuie  ^vouki  inexorably  liulter  or  run  do\\  n  into 
the  waiting  jaws.  .'Mthough  particularly  current  in  the  eighteenth  centuiy,  belief 
in  this  power  of  fascination  is  still  widespread  today.  It  has  been  denied  by  scien- 
tific investigators  since  the  earliest  times,  and  has  failed  of  verification  by  herpetol- 
ogists  after  extensive  observations  of  rattlesnakes  both  in  the  field  and  in  captivity, 
yet  it  will  not  down.  I  have  discussed  the  theory  of  fascination  more  completely  in 
chapter  18. 

Ambushing  Prey 

Most  obser\eis  ate  agreed  that  raiilcsuakcs  secure  their  pie)  laigely  by  lying  in 
wait  for  it  in  likely  places,  especially  beside  trails  or  burrows.  Any  small  animal 
passing  within  range  is  struck  and  thus  secured.  Fitch  and  Twining  (1946,  p.  65) 
have  cited  typical  instances  occurring  on  the  San  Joaquin  Experimental  Range: 

On  two  different  ooasioiu  the  actual  striking  a  squlnrd  by  a  [northern  Pacific]  rattle- 
snake wa'^  scni  in  tlic  field.  In  one  nhscrv.ition.  ntordcd  l)y  Ravmond  Sliarp.  the  sqiiiircl 
jumped  from  an  overhanging  flat  rock  and  uas  struck  by  a  snake  whidi  was  Iviri'j;  coiled 
beneaih.  The  squirrel  was  hit  in  the  left  shoulder,  and  ran  about  erratically  buniping  into 
objects  in  its  path,  then  lay  down  with  its  tides  jerking  convulsively  and  its  eyes  shut. 
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Four  minutes  later  when  the  observer  approached,  it  escaped  into  a  burrow  entrant  e,  reeling 
about  and  falling  on  its  side  as  it  moved.  Another  instance  was  observed  when  a  young 
squirrel  running  to  its  burrow  in  alarm,  passed  near  a  large  rattlesnake,  which  lashed  out 
and  struck  it  f)roa<Isiclc,  and  was  jerked  out  full  length  before  it  could  disengage  its  fangs* 
Ihe  squirrel  squealed  and  scurried  into  its  hole  but  probably  it  died  soon  afterwards. 

Similar  observations  made  by  my  own  correspondents  have  been  these: 

I  have  seen  rattlesnakes  kill  and  eat  rhipmunks.  They  wait  at  a  hole  or  along  one  of  their 
runways.  Then  when  one  comes  along  they  lunge  and  strike  it.  Ed  Rose,  U.  S.  Fish  and  Wild- 
life Service,  Ckilcoot,  Calif* 

o 

Once  another  ranger  and  I  were  walking  down  a  small  ra\iiie  when  a  half-grown  cotton- 
tail rabbit,  some  20  feel  from  us,  started  to  run,  and  was  almost  immediately  struck  by  a 
large  rattlesnake  in  our  plain  view.  It  did  not  rattle.  The  rabbit  stopped  within  8  feet 
and  in  10  minutes  it  was  dead.  We  waited  some  15  minutes  and  cautiously  crept  up  near 
where  t!;c  stiake  had  struck  the  rahl)it,  and  saw  it  crawling  slowly  toward  the  dead  rabbit. 
We  climbed  upon  a  rock  that  gave  us  a  good  view,  and  watched  tlie  swallowing  process  for 
some  15  minutes.  The  snake  swallowed  nearly  cme^half  of  the  rabbit  in  that  time.  L.  E, 
Crawford,  Superintendent  of  State  Game  Rangers,  Lamton,  OMa. 

Kalm  (1752-53,  p.  31$)  stated  that  timber  rattlers  frequented  the  banks  of  brooks 
in  the  hope  of  striking  animals  a>ming  down  to  drink. 

Hunting  in  Holes 

Many  observers  have  happened  upon  rattlesnakes  just  as  they  were  striking  their 
prey,  and  more  ha\c  found  them  engaged  in  swallowing  it.  But  few,  indeed,  have 
taken  the  time  to  watch  and  record  the  methods  used  by  a  rattler  when  actively 
engaged  in  hunting.  The  best  account  of  which  I  have  knowledge  is  that  of  Tevis 
(1943,  p.  242).  This  so  completely  describes  the  hunting  methods  of  a  rattlesnake 
under  natural  conditions  that  it  deserves  extensive  quotation.  The  observation  was 
made  near  £1  Rosario,  Baja  California,  in  June,  1941,  when  the  rattler,  a  red  dia- 
mond (C.  r.  ruber)  was  watdied  for  two  days.  Tevis  writes: 

On  June  5,  at  10:20  a.m.,  a  young  squirrel  appeared  suddenly  at  my  feet  much  frightened. 
Forty-five  feet  away  I  found  a  red  rattlesnake,  an  individual  inches  long  with  nine 
rattles.  The  body  color  was  red-brown  and  the  short  tail  was  barred  with  alternating  coal- 
btack  and  light-gray  rings.  When  the  snake  realized  I  was  not  pursuing,  it  coiled  deliberately 
on  the  dried  annuals  beside  an  acljact  nt  scjuirrcl  riunvav.  It  i^as  difTicuIt  to  see,  for  its  color 
blended  with  the  tawny  color  of  the  dried  vegetation  and  the  bright  tail  was  hidden 
beneath  the  body.  Had  it  coiled  on  the  bare  ground  or  on  the  green  foliage  and  yellow 
flowers  of  the  tarweed.  or  had  it  not  hid<ten  iu  tail,  it  would  have  been  conspicuous. 

The  hark  of  an  adult  squirrel  50  feet  distant  was  ignored.  \t  10:35  the  sun  broke  through 
the  fog;  the  air  warmed  rapidlv.  1  weniy  minutes  later  the  snake  pushed  off  through  the 
vegetation,  head  raised,  tongue  flickering,  and  the  vertical  blade  rin<;s  of  the  tail  in  startling 
contrast  to  the  vegetation.  Coming  to  one  of  the  five  holes  of  a  s(iuirrel  burrow  it  inserted 
its  head  for  ten  seconds  while  flickering  the  tongue  against  the  walls,  tluti  uiihdrcw  to 
crawl  along  a  runway  to  another  hole  partly  covered  by  a  choUa.  After  again  inserting  the 
head  and  flickering  the  tongue,  the  snake  entered. 

Three  young  squirrels  suddenly  and  simultaneously  hurtled  out  of  a  hole  on  the  opposite 
side  of  the  tliolla.  1  hey  were  bewildered,  nervous,  and  held  their  tails  tiirlulv  over  their 
backs.  £ven  though  they  saw  me,  they  would  not  return  to  the  burrow,  and  ultimately  they 
hid  under  vegetation. 

Ten  niiiuites  later  I  located  the  snake;  it  uas  inside  tlie  shaded  hole  from  which  the 
squirrels  had  tied.  Its  neck  was  bent  into  an  S-coil,  and  its  head,  facing  outward  at  the 
entrance,  was  pressed  against  the  ground,  motiontess,  an  excellent  simulation  of  a  brick>red 
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rock.  For  at  least  three  and  one-half  hours  (he  snake  iliil  not  nunc.  In  other  words.  o\cr 
the  warmest  part  of  the  day  it  rested  in  shade  at  a  spot  that  might  yield  food.  Sometimes  I 
nw  the  young  sijuirreb.  They  stayed  in  the  vidnity,  barking,  hiding  under  brush,  and. 
peculiarly  enough,  running  in  and  out  of  holes  other  than  the  mie  in  which  the  siukc 
rested. 

By  3:24  p.m.  the  snake  had  moved  8  feet,  and  was  now  hidden  among  ihc  dead  annuals, 
neck  in  the  S-coil,  and  head  pressed  onto  the  ground  one  inch  from  and  fiadng  a  hole.  A 
young  squirrel  frightened  by  me  ran  to  the  hole.  The  snake  struck.  Its  jaws  sciied  the 
squirrel  by  the  hindquarters.  The  latter  piivc  a  single,  sin  ill,  somewhat  diokcd  scream, 
struggled  for  five  seconds,  then  became  quiet.  1  wo  minutes  after  the  strike  the  snake 
relaxed  but  did  not  release  its  hold.  The  squirrel  a^n  struggled,  weakly;  only  the  front 
parts  were  able  to  move.  .\s  soon  as  the  squirrel's  rapid,  forced  breathing  ceased,  the  snake 
began  swallovsing  ilic  himicniatttis.  lari^c  gulps  were  separated  Ijy  four-  to  five-seroud 
intervals  of  rest.  After  one  minute  the  scjuirrel's  hind  feet  disappeared  between  the  jaws. 
For  four  minutes  thereafter  the  snake  yawned  frequently,  exposing  the  saliva-filled  pink 
mouth  and  the  loosely  hanging  flesh-sheathcd  fongs. 

Instead  of  resting,  il  crawled  off,  apparently  eager  for  nunc  fond.  I  was  nl)lc  to  keep  it  in 
sight  off  and  on  for  three-quarters  uf  an  hour.  Although  it  was  continually  on  the  mo\e  and 
usually  avoided  bare  spots,  it  never  went  outside  a  25-foot  drde  that  induded  the  burrow 
system.  Right-angled  turns  were  fre(|uem.  Sometimes  it  pushed  under  vegetation  oiilv  lo 
withdraw  and  head  in  tlic  opposite  direction.  Other  times  when  under  cover,  it  raised  tlie 
anterior  part  of  the  body  until  the  head  was  clear.  Once  it  crawled  over  a  bush  to  a  height 
of  a  foot  and  a  half  above  the  ground.  The  ever-flidcing  tongue  again  and  again  quivered 
against  stalks  of  dry  annuals  and  touched  objects,  such  as  rocks.  Bushes  were  probed  with 
the  head,  the  neck  raised. 

Whenever  the  snake  came  to  a  hole,  the  head  was  inserled  for  about  ten  seconds,  and  the 
tongue  flickered  against  the  wall.  Twice  after  such  an  examination,  the  snake  entered  the 
hole  to  stay  below  ground  for  five  or  more  minutes.  Deliberate  in  its  movements  and  ever 
intent  and  alert,  the  snake  gave  the  impression  of  reconnoitering  or  searching.  I'ndoiilitcdly 
it  was  trying  lo  ascertain  the  whereabouts  of  the  remaining  squirrels,  .\oblc  and  Schmidt 
(1937)  found  that  blindfolded  and  tongueless  crotalid  snakes  with  unimpaired  fadal  pits 

will  >i(rikc  al  a  frcslily  killed  rat  hut  ii<i|  :il  .1  rliillcfl  int,  :iii<!  ("nxliulf  llirU  firitnlid  snakes 

detect  the  btKly  heat  uf  their  prey  at  a  disluiicc  by  incuiis  of  the  facial  pits.  Uogcrt  (1941) 
found  that  a  tongueless  rattlesnake  does  not  assume  the  defensive  position  it  ordinarily 

does  w  hen  confronted  by  certain  odorous  substances  |>u  s(  ni  in  the  integument  of  its  enemy, 
tlie  kiiigsn.ikc.  wliich  vhnws  that  the  tongue  is  used  in  I  he  (lclc(  lion  of  odors.  I  assume  that 
the  snake  I  was  waidiing  in.serted  its  head  into  the  holes  and  flickered  its  tongue  against  the 
walls  in  order  to  determine  by  the  presence  or  absence  of  body  heat  and  odor  whether  or  not 
a  s(]uirrel  was  below. 

.\i  1:10  the  fog  returned.  .\t  IMS  the  air  was  cooling  rapidly.  Ai  1:1.")  ilu-  snake  again 
entered  one  of  the  holes.  Presumably  it  remained  within,  for  1  was  not  able  to  locate  it 
until  11:15  a.m.  the  following  day. 

\Vith  the  sun  oiu  in  full  force  on  ]une  6.  the  snake  was  coiled  on  dried  vegetation  in  the 
shade  of  ;i  i)iisli  not  more  than  '_'U  feel  from  the  spot  wheie  last  seen,  liecause  its  body  was 
swollen  and  hc-iause  I  did  not  see  or  hear  a  sciuirrcl  all  day  I  concluded  later  that  the 
snake  had  cleaned  out  the  colony  of  young  squirrels.  At  2:55  p.m.  it  began  reconnoitering 
movements  as  of  the  pievious  alicnioon — circling,  backtracking,  examining  objects,  and 
inserting  its  head  into  holes — but,  as  would  be  expected  if  no  scjuirrcls  remained  and  the 
snake  by  its  investigation  could  tell  whether  or  not  a  squirrd  was  below,  it  did  not  enter  a 
hole.  Once  it  inserted  its  head,  flickered  the  tongue  against  the  walls,  withdrew  the  head, 
then  sccminglv  iinsatisficd.  again  inserted  it  At  .'5:20  it  curled  its  body  around  the  base 
of  a  bush  and  rested,  tongue  inactive  and  head  on  the  ground. 

Thus  we  learn  that  rattlesnakes  not  only  lie  in  ambush  along  trails  where  prey 

may  be  exj)cctt'd  to  j).iss,  but  actively  search  for  food  do^vii  burrows  or  in  rock 
crevices  in  whidi  animals  are  accustomed  to  seek  refuge.  The  snakes  are  evidently 
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able  to  detennine  by  scent  whether  a  hole  is  likely  to  pi  ri\  i  fi  iiitful.  Fitch  (1949a, 
p.  518)  even  saw  a  noi  thei  ii  Pa(  ifu:  rattler  interested  in  iresh  gopher  mounds;  it 
was  pressing  its  snout  into  the  soil  as  il  lixint;  to  iorce  its  way  in. 

Hunting  is  tlniltil)  coniljincd  with  jMoicciion;  a  snake,  while  taking  rduge  in 
a  nianiinal  burrow  Ironi  the  sun  or  possible  enemies,  is  advantageously  located  to 
make  a  meal  of  the  owner.  On  the  San  Joacjuin  Range,  l  iteh  (1948a,  p.  591)  found 
that  ground-squirrel  holes  were  the  usual  refuges  of  the  northern  Pacific  rattlers, 
and  in  the  late  afternoons  of  the  hot,  dry  summer,  they  might  be  seen  lying  just 
wiilun  the  entrances,  us  if  waiting  for  it  to  be<x>me  ok)!  enough  to  emerge. 

Pack-rat  nests  are  similarly  used.  A  correspondent  writes: 

Diiiitii;  llir  suniiiKi  I  saw  a  park  rat  hastily  have  its  nt-st  finaiiily  soil  ilrill  alxuit  a  Rliiis 
trilnbatd)  at  nuon  in  the  l)Ia/ing  sunli^lit.  I  his  stcinctl  iiiuisual  until  iiivfstij'alioii  revealed 
a  large  prairie  rattler  (Crotaltis  v.  viridis)  coiled  in  one  of  the  entrances.  The  observation 
was  made  in  Roosevelt  County,  "Sevf  Mexico.  Philip  F.  Allan,  Soil  Conservation  Service, 
Fort  Worth,  Tex. 

Prey  Startled  toward  Snakes 

While  many  aninuils  are  (aught  unawares  by  poised  and  waiting  rattlers  within 
whose  striking  range  they  pass,  others  are  frightened  into  a  fatal  proximity  by 
some  other  threat,  a  lurking  coyote,  for  example,  or  a  hovering  hawk. 

As  the  fground]  squirrel  burrows  are  favorite  hiding  places  for  rattlesnakes,  the  squirrels 

are  in  (ca>s: mr  dinmc  i  of  being  bitten  underground  or  in  the  burrow  entrances.  Although 
squirrels  an  alcii  and  uatthfiil  for  liiikiiif;:  snakes,  aoidcnls  air  frr(|ii(nt.  and  arc  most 
apt  to  happen  v^lieii  the  s(|uiiiels  aie  fiightened  to  their  btinous  hy  some  other  datigcr 
and  momentarily  are  off  guard.  Se\'era1  such  incidents  were  seen.  Two  young  squirrels 
scared  into  ihe  same  hole  when  the  <>l)ser\cr  approadied  popped  out  and  back  in  a^ain 
sc\cial  times  within  a  few  secomls,  and  t;a\L'  shiill  sijiuals  wliilc  nndnmound.  Then  a  small 
rattlesnake  cmerjied  ivom  the  hole,  rattling  anil  aiiempting  to  otapc.  Anuiher  lime  u 
lai^  squirrel  frightened  into  an  apparently  deserted  burrow  bunt  out  again  backwards 
and  ran  to  another  hole.  TUcn  a  snake  was  heard  rattling  down  in  the  burrow  the  squirrel 
had  left.  Fitch  and  Twining,        p.  67. 

o 

I  dis(.a\e>etl  a  black-tailed  rattlesnake  (C.  in.  niolossus)  al  the  mouth  oi  a  hole  in  lime- 
stone. As  I  approached  to  catch  the  snake,  a  young  gray  squirrel  11  inches  long,  was 
frightened  and  attempted  to  run  |)ast  the  snake  into  a  hole,  hut  was  struck  hy  it.  I  latti'ht 
the  snake,  which  was  43  inches  loiij^.  I  found  the  dead  scjuirrel  aliout  12  teet  away.  Il  must 
have  died  ui  less  than  3  minutes.  Honiei  F.  /yrtv/Zn^.v,  Xatioiial  Park  St  rvici',  Camp  1'etdc,  Ariz. 

These  are  examples  of  how  man  hiins(_]f  may  frighten  some  animal  into  passing 
too  close  to  a  wailing  rattlesnake,  an  obvious  reason  why  so  many  people  have 
happened  to  see  the  j)rey  stricken. 

Snakes  may  lie  in  wait  lor  birds  as  well  as  mannnals.  A.  M.  Jatkley,  while  rattle- 
snake control  officer  of  South  Dakota,  wrote: 

Birds  approach  a  rattler  llnuugli  curio^iily,  and  oltentimes  in  that  way  become  easy  victims. 
This  fall  I  saw  a  large  rattler  stretdted  out  by  the  side  of  a  prairic'dog  hole,  and  I  counted 

II  homed  larks  gatheicd  axHind  liim.  some  within  easy  striking  distance.  But  he  seemed 
fat  and  lazy,  and  paid  little  attention  to  them. 

I  have  taken  pictures  of  birds  gathered  around  ittdividua!  rattlers.  The  birds  were 
homed  larks,  buntings,  and  meadow  larks.  I  saw  one  buntii^  killed.  When  I  see  a  meadow 
lark  standini;  with  liis  head  raised  high  and  gazing  into  the  weeds,  it  is  nearly  certain  he 
has  a  rattler  spotted. 
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An  experience  reported  by  Dean  F.  B;it(  !u  hh  r  indic  aies  thai  (h  st  ii  i  .iiilesnakes 
may  Ho  in  wiiit  for  birds  and  other  crcatuK  s  near  some  souue  ol  waii  i.  lie  wrote: 

I  thought  you  might  be  interested  to  hear  of  a  rattlesnake  found  to  have  eight  birds, 
probably  goldfinches,  in  its  stomadi.  It  was  two  and  a  half  feet  long.  The  snalce  was  killed 
during  the  latter  part  of  May,  at  a  headquarters  camp  of  the  Metropolitan  Aqueduct  about 
10  miles  norih  of  Dcsc-rt  ("tiilcr.  Ri\tisidc  County.  California.  A';  put  of  the  camp,  a 
garden  had  been  planted,  uiih  a  lawn  and  bird  bath  or  small  fountain.  In  the  desert  liiis 
naturally  attracted  many  birds.  The  snake  had  evidently  lain  in  wait  near  the  water.  The 
birds  were  all  swallowed  beak  first.  [The  snake,  sent  me  for  examination,  proved  to  be  a 
southwestern  speckled  rattler  (C.  m.  pyrrhus), — L.M.K.] 

Pursuing  Prey 

If  the  prey  fails  to  come  within  striking  range  of  a  hungry  rattlesnake,  the  snake 
will  sometimes  trail  it,  trying  to  get  dose  enough  for  a  strike.  Fitch  and  Twining 
(1946,  p.  66)  mention  such  an  occurrence.  They  first  describe  the  actions  of  three 
young  ground  squirrels  that  issued  from  a  Inn  i  ow  ,  iwo  of  them  evidently  having 
been  injured  by  a  northern  Pacific  rattlesnake  (C.  v.  oreganus),  within.  They 
continue: 

A  three-foot  rattlesnake  emerged  from  ilic  burrow  and  crawled  slowly  over  the  momitl 
where  the  young  squirrels  had  been.  Obviously  in  search  of  prey,  it  was  darting  out  its 
tongue  continually,  nosing  over  the  ground  from  side  to  side  apparently  trying  to  pick  up  a 

scent.  It  mo\rcl  oxer  nnd  aioiind  the  nuniiu!,  p.'issiii'.^  witliin  a  foot  of  the  afflicted  stjuirrel. 
which  was  still  sitting  in  the  same  hunched  position,  but  apparently  the  snake  did  not 
notice  it.  The  squirrel  had  become  lethargic,  and  did  not  notice  the  snake  dther.  An  adult 
squirrel  had  been  perched  on  a  rock  about  thirty  feet  away,  giving  the  low  musical  chirps 
used  by  mother  squirrels  to  warn  their  small  antl  incxpcricnrcd  vourit^  of  approadiing 
danger.  This  adult  came  hesitatingly  toward  the  place  where  the  young  had  been,  en- 
circling the  rock  outcrop  where  the  burrows  were,  and  moving  around  the  base  of  a 
boulder,  it  suddenly  came  face  to  face  with  iIk-  rattlesnake  at  a  distance  of  about  tvto 
feet.  The  scpiirrel  cmiltfd  ;i  sbarp  rliirp  and  lii(ked  its  tail,  and  its  liair  niiffctl  out.  The 
snake's  body  was  extended  so  the  squirrel  was  well  beyond  its  striking  range.  For  a  moment 
it  lay  motionless,  watching  the  squirrel,  then  it  began  to  crawl  slowly  forward  with  its  head 
and  the  anterior  part  of  its  body  drawn  back  ready  to  strike.  Tt  seemed  to  be  trying  to  get 
within  readi  but  the  squirrel  edged  away  warily.  The  squirrel  was  aggressive,  however,  and 
would  jump  back,  then  take  several  steps  toward  the  snake.  Once  it  approached  within  a 
foot  of  the  snake's  head»  and  once  scurried  away  in  sudden  fright,  but  quickly  returned." 
It  tontiniiallv  faced  the  snake  aiul  kept  flickiii'.:;  i!s  tail  sidcuisc  and  ;-;i\in}^  low.  \ il)ratiiif;; 
chirps.  The  snake,  without  making  any  sudden  movement,  followed  it  up  over  (he  sloping 
rock  surface,  but  was  not  in  a  position  to  strike  effectively.  The  squirrel,  backing  away  up 
over  the  boulder,  appeared  to  be  exercising  excellent  judgment  in  keeping  just  beyond 
striking  range;  its  movements  were  tcti-ic  and  cautious,  and  its  attention  was  concentrated 
on  the  snake,  so  that  fur  many  iuinute!>  it  failed  to  notice  the  observer,  i-inally  it  took  alarm 
and  nm  to  another  outcrop.  The  snake  crawled  around  to  the  burrow  where  it  had 
emerged  and  disajqpeared. 

One  wonders  whether  these  actions  of  the  adult  squirrel  might  have  been  in- 
tended to  lead  the  rattler  away  from  the  young.  At  any  rate,  it  is  evident  that  a 
rattler  will  sometimes  trail  after  an  animal  which  has  not  come  within  striking 
range. 

Stillwell  (1939,  p.  16)  claims  that  rattlesnakes  use  the  rectilinear  mt  thod  of 
progression  when  stalking  prey.  This  is  doubtful  as  tliis  is  the  slowest  method  of 

''  An  action  such  as  this  would  rcrlainlv  have  been  interpreted  as  fascination  by  one  not  SO 
fannliar  as  were  these  authors  with  the  actions  of  squirrels. 
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crawling.  Our  observations  of  captives  indicate  that  they  employ  ihc  more  custom- 
ary sinuous  motion,  which  not  only  permits  greater  speed,  but  allo\\s  them  to 
advance  with  head  and  neck  drawn  back  for  a  strike,  when  they  are  getting  witliin 
range.  However  they  may  use  either  rectilinear  or  concertina  progression  when 
they  near  the  prey. 

Variability  in  the  Effect  of  a  Bite 

Just  as  there  is  a  great  variability  in  the  effects  of  snake  bite  on  a  human  being,  ior 
reasons  that  I  have  listed  in  another  section  (p.  742),  so  also  observers  have  noted 

differences  in  the  results  on  jirey.  \\'hen  we  remember  that  the  danger  from  a  given 
quantity  of  snake  venom  is  inversely  proportional  to  the  bulk  or  weight  of  the 
creature  bitten,  it  might  be  supposed  that  rattlesnake  bite  would  be  (piickly  fatal 
to  the  small  tnututcs  on  Avhich  they  feed.  While  such  is  generally  the  case,  there 
have  been  iustanccs  wlicreiu  stricken  animals  have  been  obseivcd  to  co\er  (ou- 
siderable  distances  before  succumbing,  and  others  in  which  they  have  escaped  and 
may  have  recovered. 

This  occasional  ineffectiveness  may  be  attributed  to  two  particular  causes 
affecting  prey,  among  the  many  variables  inherent  in  snake  bite.  First,  it  is  to  be 
remembered  that  rattlesnakes  have  full  control  over  venom  extrusion;  they  can, 
if  they  wish,  bite  without  injecting  venom  at  all.  Their  natural  inclination  is  to 
conserve  vencmi,  siiv  c  it  is  their  means  of  food  procurement,  and  it  is  possible  that, 
in  striking  prey,  tlu  \  icleasc  much  less  than  when  under  the  stress  and  ft  ar  of 
defending  themsehcs  against  some  such  large  creature  as  man.  Secondly,  the  \  cry 
lack  of  bulk  ol  the  prey  ads  to  the  snake's  disadvantage  siute  the  mometUum  of 
the  strike  carries  the  prey  along,  without  the  interposition  of  sufhcient  resistance 
to  permit  the  fangs  to  be  deeply  imbedded.  Of  course,  if  the  lower  jaw  is  brought 
effectively  into  action,  so  that  there  is  a  viselike  bite,  rather  than  a  simple  stabbing 
of  the  fangs,  then  the  latter  will  be  fully  imbedded.  The  strike  is  too  rapid  to 
determine  by  eye  whether,  when  prey  is  struck,  the  lower  jaw  is  used  to  bite  against; 
we  know  that  it  is  often  so  used  when  the  snake  strikes  in  anger  (p.  8 SO).  Probably 
there  is  as  much  variability  here  as  in  other  rattlesnake  actions.  At  any  rate,  in 
watching  rattlesnakes  strike  small  mammals  in  captivity,  one  cannot  but  be 
impressed  bv  what  seems  to  be  the  lightness  of  the  touch.  Except  for  the  effects  of 
the  venom  one  will  frequently  think  that  the  snake  lins  missed — as  indeed  it  often 
docs — for  the  target  may  not  be  appreciably  moved  b\  the  blow. 

Fitch  and  Twining  (1946,  p.  67),  basing  their  opinion  on  the  condition  of 
rattlesnake  prey  found  in  the  field,  think  the  prey  sometimes  escapes,  while  in 
other  instances  it  dies  but  a  few  feet  from  where  is  was  struck.  Two  ground  squirrels 
and  a  kangaroo  rat  were  found  to  have  only  subcutaneous  bites  and  probably  died 
slowly;  but  another  kangaroo  rat  had  its  thoracic  cav  ity  punciuied,  so  death  rruist 
have  been  almost  immediate.  One  squirrel  survived  a  bite  in  the  thigh  and  axilla 
for  an  hour  and  three-quarters. 

Tfie  following  are  (juoiations  from  the  observations  of  some  of  my  correspondents 
on  the  rapidity  of  \enom  action: 

I  have  noted  that  mice;  usually  die  within  a  feu-  seconds  after  hcinj;  bitten,  provided  the 
rattler  has  liad  a  good  supply  of  venom.  Alarion  E.  Rose,  Patcros,  Wash. 
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I  lia\c  seen  aiiiiinih  weighing  up  to  iwu  p«>iuuls  killed  in  ihcii  iiack.s  b)  a  single  strike  uf 
a  canebrake  rattlesnake  (C.  h.  atricaudalus),  while  others  traveled  considerable  distances 
before  paralysis  stopped  them.  E.  A,.  McHhenny,  Avery  Island,  Im. 

Uneaten  Prey 

1  liiit  i;iltl(  sii;ik(  sii  ikes  arc  sonicliiiu  s  iiu  Ih  (  liial.  fNcn  lhoii|o;h  the  j)i(.'y  l)c  at  tually 
hit,  is  cci  Laiiily  Hue.  However,  one  i.iii  iie\ei  be  5iue  the  aiiiiiial  struck  has  really 
escaped  injury,  unless  it  be  followed  for  a  while  to  see  if  any  dehiycd  symptoms  are 
manifest.  Fitch  and  Twining  (1946,  pp.  65.  67;  see  also  Fitch,  1948a,  p.  591;  1949a, 
p.  550)  have  pointed  out  how  considerable  a  number  of  creatures  have  been  found 
dead  in  tlie  field  from  rattlesnake  bite,  some  because  the  rattler  was  unsuccessful 
in  finding  them  after  a  strike,  some  because  the  snake  was  not  hungry.  These 
authors  (]>.  ivA  ihiis  d*  s(  ril>i  ihcir  cxpci  icnf  e  with  iioi  ihern  Pacific  rattlesnakes  on 
the  San  Joaquin  Lxjjeriujentul  Range,  in  Calilornia: 

Maiiv  aniiiKils  Iiiiicn  l>\  rattlesnakes  are  not  laicn  In  them,  and  the  siiake>i  ate  nnuh  less 
inelnied  to  rattle  in  the  jncseiice  ol  small  animals  (liaii  in  the  prcsciuc  <>t  man  or  lar}>c 
animals  which  might  trample  them,  causing  death  or  injury.  Rather,  when  approached  by 
a  rodent,  the  snake  is  apt  to  strike  uiihotii  uarnin'^.  l  lie  hitten  animal  may  Ik-  loo  lar^ 
lo  he  swalloucti,  or  it  may  run  loo  (ar  for  the  -.nake  to  lollou  oi  nia\  die  in  s<niie  inatces 
sibic  place,  or  the  snake  may  not  be  suflicienih  hnn^ry  even  to  auempt  trailing;  it.  I  he 
numlier  of  prey  animals  killed  in  this  way  but  not  used  perhaps  exceeds  the  number  actually 
eaten. 

However,  these  writers  record  only  eight  ground  squirrels  and  six  kangaroo  rais, 
killed  by  snake  bite,  that  were  subsequently  found  uneaten  in  the  field. 

Although  there  is  no  question  that  some  animals  do  escape  and  recover  through 
ineffectual  strikes,  stories  o(  animals  held  in  rattlers'  mouths  that  are  later  found 

to  he  uiihiiii  arc  <j;eiierallv  to  he  cHscouiUcd,  lor  the  struf;_i;les  of  such  a  creature 
would  itn  ite  .1  r.ittkr  to  l)ite  (  lle(li\el\.  I  hiis  \\c  ma\  dotihl  the  two  c  xpc  i  iciK cs 
ie|Joil('d  l)\  K{  iidall  (  IHilL'.  p.  r)8S)  wliciriti  h(  lilx  i.ilrd,  uiiliiiit.  l)otli  a  (|iiail  and 
a  rabbit  held  in  the  nioulli  by  diamondhacks  that  lie  iiad  shot.  C^ianslon  (1913,  p. 
462)  tells  an  even  more  fantastic  story  of  how  he  watched  a  large  rattler  strike  a 
rabbit  again  and  again  without  effect.  Finally  the  rattler  lost  its  balance  and  fell 
off  a  ledge,  whereupon  the  rabbit  ran  away. 

J)llH  Kl  NttS  IN  DtAI.INC  Wi  l  li  l*RtV 

Altlioii^h  exceptions  !ia\e  hecn  noted,  lh(ic>  seems  no  donht  that  raltUsnakcs 
iisualh  iel(  ase  a  mammal  which  has  l)cen  hitten  hut  letain  hold  <»f  a  bird,  leptile, 
or  amphibian.  In  exijlanation  ol  ihese  diirereiues  it  may  be  prtsiimed  that  tlie 
niainnuil  is  released  to  avoid  the  danger  of  a  retaliatory  bite;  the  snake  can  readily 
follow  its  scent  to  the  place  where  it  dies  and  thus  will  seldom  lose  its  prey.  But 
this  would  not  be  true  of  a  bird  that  might  fly  a  short  distance  and  be  lost;'*  or  of 
reptiles  and  amphibians,  on  which  venom  acts  more  slowly  so  that  they  might  die 
too  far  a^vay  to  find.  Also,  the  retention  of  a  hold  permits  a  bite,  rather  than  merely 
a  stab,  and  hence  a  greater  assurance  of  venom  injection. 

'"Onemada  Crande  Island  off  the  coast  of  Brazil  is  a  landin";  plarr  for  misitntint^  hink  tliat  stop 
foi  leNl  ami  lood.  I  hi  \  aic  |)re\eil  upon  h\  a  small  pit  \iper  (IStilliiojn  iii\ulaiis)  that  awaits  tliem 
cuncealecl  amitl  tlie  lolia<;e  ol  the  tieis.  \\  lien  a  bird  alights  within  reaih.  ihc  sn.ike  Innges  loiw.nd 
and  strikes.  It  »cliioiii  drops  ilic  bird,  but  liolds  fast  to  prevent  its  csc^apc,  and  at  the  sauic  time  grips 
a  branch  with  its  tail  to  avoid  Tailing  (summarized  from  .Amaral.  1921.  p.  85). 
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As  early  as  171^2,  I.ahai  (vol.  1,  p.  lOG;  .Sloanc,  1731,  p.  331)  voiced  the  theory 
that  snakes  bite  tljcir  pifv  and  then  release  it  to  axoid  injury;  altcrward  they 
approac  h  it  again  wlicn  it  is  sah'ly  (had.  There  h.is  been  nnuh  c onfnniatory  evi- 
dence ol  dilferenccs  in  the  actions  ot  rattlesnakes  toward  mannnals  as  compared 
with  other  prey,  although  occasional  exce[jtions  have  been  observed.  Ditmars 
(1912.  p.  231)  reported  that  the  massasauga  {Sistrurus  catenatus)  held  on  to  cold- 
blooded prey,  but  not  to  warm-blooded  prey.  Russell  (1926,  p.  107)  said  that  a 
northern  Pacific  rattlesnake  would  barely  touch  a  deer  mouse  in  a  strike.  The 
mouse  first  scampered  away  as  if  unhurt,  yet  \\ould  die  in  about  40  seconds.  Gloyd 
(1987,  p.  127)  fed  mice  to  a  banded  rock  rattlesnake.  One.  after  striking  a  mouse  in 
the  usual  way.  followed  it  up  at  once,  and  seized  and  held  it  until  all  struggles 
ceased.  Thatc  her  (1910,  p.  3H)  tells  of  a  rattler  that  struck  a  sj^arrow"  and  held  on. 
La  Ri\ers  observed  how  a  Great  Basin  rattler  (C.  x'.  liitosus)  seized  and  held  a 
leopard  frog;  and  Clark  (1949,  p.  260)  obsci  ved  that  western  pigmy  rattlesnakes 
(5.  m.  streckeri)  did  not  release  frogs  that  they  had  stnidc  Falck  (1940,  p.  1 S5)  made 
the  following  observation  on  the  mottled  rock  rattlesnake  (C.  /.  lepidus)  in 
captivity: 

When  amphibians  were  taken»  the  snake  deliberately  grasped  the  food  animal,  retaining  it 
in  its  jaws,  and  by  means  of  chewing  motions  imiicdcied  the  fiangs  as  deeply  as  possible.  The 

procedure  was  very  dilTere?it  in  taking  mamnials.  \ri(c  were  invariablv  not  retained  in  the 
mouth,  death  occurring  rapidly.  The  snake  eagerly  lolluucd  iu  dying  prey,  which  only 
occasionally  reached  even  the  opposite  side  of  the  cage  before  collapsing.  The  action  of  the 
venom  was  dearly  more  rapid  in  mice  than  in  frogy  and  salamanders. 

Tevis  (1913,  pp.  213,  215)  watched  a  red  diamond  rattler  strike  and  eat  a  young 
ground  squirrel  and  also  a  kangaroo  rat  that  was  thrown  toward  it.  In  one  case  the 
prey  was  not  released  after  being  struck  but  was  swallowed  at  once.  Minton  (1944,  p. 
476)  reports  that  timber  rattlesnakes  (C.  h.  horridus)  in  captivity  made  the  usual 

differentiation  between  rodents  and  birds,  for  the  former  were  struck  and  released, 
while  the  latter  were  he  Id  tiespite  their  sti  tigglcs.  Marcy  (1945,  p.  170)  reported  on 
the  feeding  habits  ol  a  brood  of  the  Mexican  west-COast  rattlesnake  (C.  b. 
basiliscui).  When  mice  were  siiiuk  the  little  lattleis  sometimes  held  on  while  the 
mouse  maile  sexeial  jinnps.  This  tempoiaiy  holding  resulted  in  a  more  cjuickly 
fatal  bite,  usually  within  30  seconds.  McCaulcy  (191.'),  j).  137)  states  that,  whereas 
mammal  prey  is  usually  released  by  timber  rattlesnakes,  one  that  seized  a  half- 
grown  robin  held  it  clear  of  the  floor  of  the  cage  and  did  not  let  go  until  it  ceased 
to  flutter.  It  was  then  laid  on  the  floor  and  was  touched  tentatively  with  the  tongue 
and  sniffed  before  beii^  swallowed. 

Fitch  and  Twining  (1946,  p.  65)  saw  two  groimd  stjuirrels  struck  by  northern 
Pacific  lattlesnakes  in  the  field;  in  both  cases  the  stjuirrels  were  immediately  re- 
leased. Bui  they  report  a  diiferent  action  in  the  case  of  a  California  quail  {Lophor- 
tyx  californica.y. 

Oil  one  ocrasion  a  fluslietl  covey  of  ([uail  consistin-"  of  parent  l>iid>  ;in(l  nciii  1\  glow  n 
\oung  lit  in  thick  brush,  and  innnediaicly  loud  distress  rails  and  lluUciing  were  heartl. 
The  observer  hurried  to  the  spot  and  Fonnd  a  quail  struggling  iecbly,  anchored  down  by  a 
large  rattlesnake,  whose  fangs  were  dciplv  iniln-ddcd  high  on  one  side  of  the  quail's 

breast.  In  a  few  seroiids  (lie  c|n:iirs  head  (hooped  and  iis  hicathing  liCHanie  (oiivulsive;  in 
lour  minutes  its  movements  teased  and  it  appeared  to  l>e  tlead.  I  hrcc  and  a  half  niinulcs 
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later  the  snake  icle.Ticd  it  and  be^an  nosint^  over  the  limp  body,  ofrasionally  opening  its 
mouili  to  grusp  tlic  quail  hcsilanily.  1  he>e  actions  continued  for  about  sixteen  minutes... 

until  finally  it  seized  the  head  and  began  awallowini:. 

That  raltk'snakcs  may  occasionally  be  injured  by  their  prey,  despite  the  habit  of 
releasing  mammals,  has  been  shown  by  Fitch  and  Glading  (1927,  p.  121),  who 
report  the  case  of  a  rattlesnake  turned  loose  one  day  and  recaptured  the  next.  This 
was  in  connection  with  their  program  of  marking  rattlesnakes  to  study  growth. 
During  the  onenlay  interval  between  captures,  this  snake  had  caught  and  eaten  a 
pocket  gopher,  and,  in  so  doing,  sustained  bites  on  the  anterior  part  of  the  body. 
The  bites  were  not  serious,  for  the  wounds  were  healing  when  the  snake  was  again 
captured  a  week  later. 

At  the  San  Dit^o  Zoo  our  captive  rattlesnakes  arc  almost  always  fed  on  mammals 
and  therefore  we  have  not  obsei\cd  these  dillerences  between  the  methods  of 
handling  them  as  compared  with  birds  and  reptiles.  We  have  observed  that  the 
dead  mammals  that  are  customarily  offered  the  snakes  are  as  often  held  as  released 
after  they  are  seized,  but  this  may  have  resulted  from  a  change  in  the  snakes'  feed- 
ing pattern  caused  by  their  being  given  dead  prey  only.  The  animal  offered  is  often 
grabbed  without  being  struck  or  deliberately  bitten  at  all.  Although  prey  taken  in 
this  way  is  usually  dropped  and  sniffed  preparatory  to  the  securing  of  a  hold 
advanta'j^eous  for  SAvallowing,  this  is  not  always  done.  Atkinson  and  Netting  (1927, 
p.  42)  ted  ho|)ai(l  Irogs  to  inassasaiigas  in  (apti\iiy  and  observed  that  they  took 
them  from  a  loi  ccj)s  and  swallowed  them  directly  just  as  a  garter  snake  would. 

When  rattlesnakes  are  engaged  in  robbing  a  nest  of  helpless  young  manunals  or 
birds,  they  seem  to  sense  the  fact  that  the  prey  cannot  escape;  they  consequently 
do  not  strike  it,  but  merely  seize  and  swallow  one  after  another  until  all  have 
been  consumed.  Several  of  my  correspondents  have  observed  this  method  of 
feeding. 

Inaccurate  Strikes 

One  observation  that  every  keeper  of  captive  rattlesnakes  eventually  makes  is  the 
frequent  and  marked  inaccuracy  of  some  of  the  strikes.  Even  when  alone  and  hence 
not  confused  by  moving  objects  other  than  the  prey,  the  snake  may  miss  it  either 
by  misdirection  or  falling  short.  When  excited  by  the  odor  of  food,  and  there  are 
other  rattlers  moving  about  the  cage,  they  often  become  hopelessly  confused,  and 
strike  at  anything  that  moves.  Fitch  and  Glading  (1917,  p.  121)  cite  the  case  of  a 
dead  northern  Pacific  rattier  foiuid  near  a  mating  pair.  They  hazaid  ilie  guess  that 
it  may  ha\e  been  accidt  iitally  bitten  as  the  residt  of  an  inaccurate  strike  at  food 
by  one  of  the  other  snakes;  at  any  rate,  there  was  no  question  but  that  it  had  died 
of  snake  bite,  the  fangs  having  punctured  a  vital  organ. 

Sfnsi  s  Used  in  Securing  Prey 

The  thi  ee  senses  irsed  by  rattlesnakes  in  finding,  striking,  and  then  recovering  prey 
are  sight,  smell,  and  lliei nioieception  (the  pit). 

W'ebl)  (1888,  p.  270)  expressed  the  belief  that  snakes  follow  their  victnns  by 
scent.  Baumann  (1929,  p.  36),  in  an  important  series  of  experiments,  showed  that 
European  vipers  follow  females,  as  well  as  their  prey,  by  scent  or  chemoreception. 
Kahmann  (1932,  p.  194;  1934,  p.  249)  also  investigated  the  senses  used  in  trailing. 
Neither  Baumann  nor  Kahmann  experimented  with  rattlesnakes. 
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\oblc  and  A.  Schmidi  (1937.  p.  2(33)  were  the  first  to  solve  the  problem  of  the 
purpose  of  the  facial  pit  of  rattlt  snakes — as  well  as  other  pit  vipers.  I'hey  proved 
that  the  pit  is  a  heat  receptor  which  permits  a  snake  to  locate  and  to  strike  objects 
that  have  a  higher  temperature  tlian  their  surroundings,  as  is  the  case  with  warm- 
blooded prey,  that  is,  mammals  and  birds.  I  have  discussed  rattlesnake  senses  else- 
where. Suffice  it  to  say  that,  when  they  lie  in  wait  for  prey,  all  three  senses  may  be 
used  to  detect  its  presence,  the  pit  being  the  most  important  When  they  seek  prey 
in  holes,  rattlers  undoubtedly  depend  on  s(  ctu,  as  indic  ated  by  the  observations  of 
Tevis  (1913)  already  quoted.  The  sii  ikc  is  guided  by  sight,  and  in  the  case  of 
warrn-ljloodod  prey,  by  the  pit.  To  find  the  prey  after  it  has  been  struck  and 
released,  tlic  snake  depends  on  scent,  although  the  pit  may  be  useful  if  the  snake 
is  near  the  prey  and  the  latter  has  not  yet  cooled. 

In  one  case  that  Tevis  observed,  the  snake  went  directly  to  a  rat  four  feet  away. 
Most  reports  agree  that  rattlers  have  little  difficulty  in  searching  out  mammals 
that  have  been  struck  and  released  to  die.  Yet  Fitch  and  Twining  (1946,  p.  66),  in 
the  citation  already  quoted,  mention  the  case  of  a  young  ground  squirrel  that  had 
been  bitten,  which  the  rattler  seemed  unable  to  Tmd,  although  he  passed  within  a 
foot  of  it  while  trailing  it.  Possibly  he  would  ha\e  located  it  eventually  had  his 
attention  not  been  drawn  off  by  an  adult  scjuirrcl  that  came  within  his  recognition 
range.  A  lack  of  ability  to  hnd  the  prey,  rather  than  lack  of  hunger,  may  account 
for  some  of  the  bitten  but  uneaten  animals  found  in  the  field. 

A  number  of  observers  have  recorded  tlie  actions  of  rattlers  that  were  trailing 
mammal  prey  which  had  been  strudi  and  then  released.  The  snakes  are  described 
as  being  alert  but  unhurried,  sensing  their  way  along  the  trail  of  the  stricken  prey 
with  flickering  tongue,  for  they  follow  by  chemoreception,  in  which  the  tongue 
plays  an  important  role  that  supplements  the  sense  of  smell.  We  may  strongly 
discount  .Allison's  description  (1916,  p.  Il  l)  f)t  a  dianiondback  on  the  trail  of  a 
rabbit.  The  snake  held  its  head  u{)  and  waved  it  from  side  to  side,  and  from  its 
open  moutli  there  came  a  strange  liumming  sound. 

Constriction 

Although  several  of  my  correspondents  have  written  of  seeing  rattlesnakes  constrict 
their  prey,  I  am  disposed  to  doubt  the  accuracy  of  these  observations.  For,  in  the 
thousands  of  times  that  C.  B.  Perkins  and  others  have  observed  rattlers  in  the 

course  of  being  fed  at  the  San  Diego  /n  o,  no  rattler  has  been  seen  to  use  this 
method.  f3ugcs  (1879,  p.  16),  who  made  detailed  observations  of  captive  rattle- 
snakes in  Mexico,  said  one  of  his  friends  claimed  to  hav(  seen  a  rat  constricted  bv 
a  rattlesnake,  but  this  was  ((jiitiary  to  his  own  experience.  Lant^toitl  and  Gibson 
(1952,  p.  115)  reported  tlic  constriction  of  a  rabbit.  Constiiction  is,  of  course,  a 
customary  way  of  holding  and  subduing  prey  used  by  many  kinds  of  snakes,  but  is 
not  needed  by  those  having  the  powerful  alternative,  venom.  Rattlers,  while 
swallowing  prey,  do  not  even  steady  or  hold  it  down  with  a  part  of  the  body,  as  is 
the  practice  of  some  of  the  racers.  They  do,  however,  form  a  loop  in  the  neck  and 
drag  the  prey  backward,  as  mentioned  by  Tevis  (1943,  p.  215),  and  by  Fitch  and 
Twining  (1946,  p.  65)  in  describing  the  eating  of  a  cjuail.  This  method  of  eating, 
in  which  the  head  and  a  short  section  of  neck  face  back^vaid  alont;  tlie  major 
lengtli  of  tile  snake's  body  (which  slowly  advances  forward),  is  characteristic  of 
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many  snakes,  ( onsti  u  loi  s  as  wi  ll  as  iioiu  onsii  icioi  s.  Sonic  i  iuu's  a  ratilci  will  take 
his  picy  to  the  shade  of  a  bush  bclorc  swallowing  it  (fl  itch  and  1  wining,  p.  67). 

One  of  my  correspondents  mentions  that  he  found,  in  a  rattler's  stomach,  a 
rabbit  that  he  thought  was  both  longer  and  slimmer  than  a  normal  rabbit,  from 
which  he  judged  it  had  been  constricted  before  being  swallowed.  This  is  in  reality 
a  usual  condition  of  prey,  caused  by  the  swallowing  process  as  well  as  by  partial 
digestion;  it  may  be  one  source  of  the  widespread  belief  that  rattlesnakes  constrict 
their  prey. 

Method  of  Swalix>wing 

The  size  ol  prey  that  any  snake — rattlesnakes  included — can  successlully  engulf, 
is  a  constant  source  of  astonishment,  especially  because  a  snake  can  neither  chew 
nor  dismember  its  food  but  must  swallow  it  whole,  and  must  accomplish  this 
unaided  by  either  hands  or  feet.  It  is  made  possible  by  the  elastic  nature  of  the 

jaws  antl  throat,  and  ti(  ularly  by  the  fact  that  the  halves  of  the  lower  jaw  are 
flexibly  attached  to  each  other  at  the  front,  rather  than  being  rigidly  united  as  in 
lizards  and  manimals.  Also,  the  bones  ol  tlic  jaws  arc  thin  and  pliahh  .  This 
clastiritv  of  the  whole  stiutture  allows  distension  ol  the  mouth  apeiiurc,  whiit  the 
partial  independence  of  the  jaw  settion;*  permits  the  ad\anteuient  and  retraction 
of  each  half  separately.  Eadi  is  ctpiipped  with  fine,  curved  teeth,  whose  points  are 
directed  backward;  they  comprise,  in  effect,  four  rows  of  hooks,  each  of  which 
may  be  independently  advanced,  imbedded  in  the  prey,  and  then  pulled  back, 
dragging  the  food  with  it  toward  the  gullet.  One  or  two  half-jaws  are  advanced 
while  the  nih(  I  s  liolil  the  prey  to  prevent  it  from  slipping  out  of  the  mouth.  Thus, 
by  a  j)ropei  1\  sviuluoni/ed  series  of  ratdiet  like  motions,  the  snake  ])ulls  the  prey 
in,  past  the  stieiched  consiri(  lion  ol  the  mouth  and  ilnoat.  Once  jjast  the  |X)int  of 
narrowest  opening,  a  series  of  lateral  undidations  of  the  ilnoat  is  used  to  force  the 
food  down  the  gullet  into  the  stomach. 

As  shown  by  X  rays  (figs.  9:1  and  9:2),  taken  by  C.  M.  Bogert,  of  a  rattlesnake 
as  it  swallowed  a  hamster,  the  jaw  and  throat  distension  is  made  possible  by  a 
lateral  (outward)  spread  of  the  angle  of  the  jaw  (the  point  of  connection  between 
the  articular  and  the  cjuadraie)  as  well  as  by  the  \  crtical  gape.  The  c]uadrate  be- 
comes almost  perj)endi(  idar  to  the  axis  of  the  head,  and  the  tabidar  (s(|uamosal) 
also  moves  outwaid,  posteiioily.  I  heie  is  no  seiKtialion  l)eiween  the  attidilar  and 
the  (juadrate  at  the  hinge,  as  has  somelimes  been  supjjosed  (fig.  9: 1 ).  Hut  I  he  attach- 
ment of  the  pterygoids  at  this  point  is  less  fixed,  allowing  sonic  freedom  of  move- 
ment to  the  rows  of  short  teeth  in  the  upper  jaw.  Distally,  the  two  mandibles  are 
quite  independent  of  each  other,  and  it  is  in  this  bilateral  independence  that 
snakes  have  the  greatest  gain  in  engulfing  power,  both  in  the  distension  permitted 
and  in  the  independent  ratchet  action  of  the  two  sides  of  the  jaw. 

The  process  of  swallowing  is  thus  described  by  one  of  my  correspondents: 

When  a  rattler  cat'^  a  mouse,  he  swallows  it  head  first,  wnrkinj^  Hrst  ntu-  side  <if  tlir  j.TW 
over  llic  mouse,  and  then  the  other,  until  the  mouse  is  out  of  .sight.  1  hen  the  snake  scjuirms 
to  drive  the  mouse  down  his  throat,  fitistwr  11'.  Koski.  U.  S.  Fish  and  WildUfe  Service, 
Windham,  Mont. 

Several  of  my  correspondents  have  commented  on  the  surprisingly  large  prey  that 
rattlers  have  been  able  to  cope  with  successfully. 
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I  found  a  Great  Basin  rattlesnake  shortly  after  he  had  sualloived  a  (Ictlunibian  Kroiind 
squirrel.  The  snake  was  very  la/y  and  swelled  up  around  the  squirrel.  It  was  hard  to  see 
how  he  cx>uld  ha\e  got  it  through  his  jaws.  /.  IT.  Stalccs,  U.  S.  Forest  Sewice,  Ogdcn,  i'tali. 

o 

Last  summer,  as  I  was  driving  along  a  mountain  road,  I  saw  a  northern  Pacific  rattlesnake 
and  stopped  to  kill  him.  He  was  medium-sized  and  had  a  large  chipmunk  about  half 
swallowed.  The  chipmunk  was  bigger  around  than  the  snake,  and  how  he  ever  stretched 
enough  to  get  him  half-way  down  I  don't  know.  Roy  Barifiolomeiv,  V.  S.  Fish  and  WihUife 
Sen/ice,  Orlatid,  Calif. 


Figs.  9:1  and  9:2.  X  rays  of  a  re«l  diamond  rattlesnake  {C.  r.  ruher)  swallouing  a  hamster.  1  he 
jaw  atul  throat  distension  is  made  possible  in  part  by  (he  lateral  outward  spread  of  the  angle 
of  the  jaw,  as  will  be  noted  by  the  rclati\c  positions  of  the  point  of  connection  between  the 
articular  and  quadrate  during  (upper  figure)  and  after  .swallowing  (lower  figure).  (X  rays  through 
the  courtesy  of  Charles       Bogert,  .American  Museum  of  Natural  History,  New  \ork.) 

My  own  notebooks  coiUaiii  fic(jiiciU  mention  ol  the  surprising  size  of  prey 
found  in  snakes.  For  example,  a  northern  Pacific  rattler  only  15  inches  long  and  Vn; 
inch  across  the  head  at  the  widest  part — the  angle  of  the  month — had  swallowed  a 
large  mouse.  When  only  the  result  was  consiileted,  the  feat  seemed  impossible. 
Another  juvenile  had  swallowed  a  full-grown  whipiail  lizard  {Cncmidopliorns 
tigris). 

In  swallowing  large  and  difhcult  prey,  rattlesnakes  have  one  advantage  over 
nonviperinc  snakes;  they  can  and  do  use  their  fangs  as  hooks  to  aid  the  small,  solid 
teeth  in  dragging  the  prey  into  the  throat.  I  had  the  privilege  of  seeing  a  motion 
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picture,  taken  l)v  C.  I  .  X'otliics,  which  showctl  ucstt  rn  tliaiiioiul  i atilcMi  ikcs 
in  the  act  ol  swallow int^  (utioutails,  aiul  this  use  oi  the  langs  was  clearly  evident. 
When  not  in  use  the  fangs  lie  folded  up  against  the  roof  of  the  mouth.  When  it  is 
desired  to  use  them,  either  for  biting  or  to  draw  in  prey,  the  maxillary  bone  to 
which  each  fang  is  attached  is  rotated  so  that  the  fang  swings  downward  and 
forward  until  its  base  is  perpendicular  to  the  roof  of  the  mouth.  The  two  fiangs. 
one  on  cadi  side,  can  he  manipulated  independently.  By  this  means,  first  one  and 
then  the  other  is  hooked  into  the  animal  hcinc;  s^\allowed,  and  ilien  each  is  both 
rotated  and  chawn  back  so  as  to  pull  the  animal  in.  I'he  lanj;s  arc  more  clfective 
than  the  .^olid  teeth  because  of  their  aljilitv  to  rotate  and  also  because  their  much 
greater  length  insures  engagement  through  hair  or  leathers.  Vorhies  (1936b,  p.  101) 
has  mentioned  this  use  of  the  fangs  by  the  western  diamond  rattler  (C.  atrox\ 
and  Cook  (1943,  p.  52)  by  the  eastern  diamond  (C.  adamanteus).  C.  B.  Perkins  tells 
me  this  is  quite  usual  with  rattlesnakes,  basing  his  statement  on  his  observations 
of  ( ajitives.  Sometimes  a  rattler,  if  it  has  n  r  mhlc  in  swallowing  a  large  animal,  will 
rub  the  prey  against  the  ground  or  a  rock;  this  helps  to  release  a  leg  or  wing  that 
may  have  become  caught  in  the  angle  of  the  snake's  mouth. 

1  he  length  of  time  recjuired  to  swallow  ]3rey  depends  on  the  relative  si/cs  of 
prey  and  snake.  A  small  mammal  ma\  be  swallowed  in  a  minute  or  less,  wliile  a 
large  one  may  require  an  hour  or  more.  In  the  case  of  large  and  diihcult  victims, 
the  snake  will  be  seen  to  tire,  taking  lengthening  rests  between  the  rhythmical 
ratchet  movements  of  the  jaws.  At  the  San  Diego  Zoo,  where  the  snakes  are  never 
fed  prey  large  enough  to  strain  their  jaws,  the  time  required  for  swallowing  has 
been  found  to  vary  from  S%  to  18  minutes,  provided,  liowe\cr,  that  the  snake 
swallows  the  prey  head  first,  and  so  avoids  the  difficulties  itivolved  in  other  holds. 
The  average  swallowing  time  in  .50  feedings  of  rattlesnakes  of  several  species, 
recorded  bv  Charles  E.  .Shaw  at  the  ban  Diego  Zoo,  was  7-()  minutes. 

1  he  following  are  obscr\ations  by  some  of  my  correspondents  on  swallowing 
methods: 

The  only  time  I  have  aeen  a  rattlesnake  eating  was  in  North  Carolina  on  the  Pisgah 
National  Forest.  A  large  timber  raulcr  had  a  half-gruwn  rah1)it  half  swallowed  ami  I 
would  say  it  required  approximately  two  hours  before  he  had  it  completely  swallowed. 
T.  S.  Seely,  U.  S.  Forest  Service,  Talladega,  Ala. 

On  Muddy  Mountain  in  Natrona  County,  Wyoming,  I  watched  a  rattler  eating  a  squirrel. 
It  took  the  snake  about  two  and  a  half  hours  to  swallow  it.  Fred  W,  Barnes,  U.  S.  Fish  and 
Wildlife  Service,  Hines,  Greg, 

A  rattler  will  dow  n  a  mouse  in  5  minutes,  but  a  robin  is  swallowed  more  sloivly.  Marion  E, 
Rose,  Pateros,  Wash. 

Kunz^  (1879,  p.  332)  noted  that  it  took  a  four-foot  timber  rattler  (C.  h.  horridus) 
six  minutes  to  swallow  a  large  nioirse,  and  four  minutes  for  a  small  one.  Wright 
(1941,  p.  (308)  reported  that  an  adult  massasaiiga  (5.  catetial us)  recpiired  about  15 
mintJtes  to  swallow  an  adult  meadow  mouse  i^Microtiis).  Fenley  (1940,  p.  4)  says 
it  took  95  minutes  for  a  w(  stern  diamond  to  swallow  a  rabbit. 

Lombard  (1881,  p.  88)  claimed  to  have  seen  a  timber  rattlesnake  take  more  than 
a  day  to  swallow  a  rabbit;  however,  obvious  inaccuracies  in  his  statements  on 
other  rattler  habits  justify  our  doubting  this  observation.  Equally  doubtful  are 
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statements  by  Browning  (1860,  p.  375,  but  writing  as  of  1800)  that  it  took  a  rattier 
seven  days  to  swallow  a  medium-sized  woodchutk;  also  that  a  rattler,  while  eating 
a  bird,  held  onto  a  busli  with  its  tail  (p.  373).  It  lias  even  been  said  (e.g.,  Kalm,  1752- 
53,  p.  59)  that  rattlers,  in  dealing  with  unusually  large  prey,  may  swallow  it  part 
way,  and  then  wait  several  days  for  digestion  to  dispose  of  this  portion  before  they 
complete  the  swallowing  process.  This  is  impossible  since  the  anterior  part  of  the 
prey  would  not  reach  the  snake's  stomach  where  digestion  could  proceed. 

Even  when  a  rattler  holds  its  mammal  prey,  instead  of  letting  it  run  until  it  dies 
after  a  strike,  the  snake  will  often  drop  it  and  nose  it  carefully  before  beginning 
the  swallowing  process.  This  is  evidently  for  the  purpose  of  getting  an  advantageous 
hold  of  the  creature's  snout  or  licad  so  as  to  facilitate  swallowing,  for  prey  is 
usually  swallowed  head  first.  The  head-hold  reduces  the  impediment  to  swallowing 
imposed  by  hair  and  limbs.  Most  often  a  side  of  the  prey  is  upward,  rather  than 
its  back.  Sometimes  a  snake  will  take  two  or  three  tentative  holds  before  securing 
one  that  seems  satisfactory.  Even  so,  owing  cither  to  the  eagerness  of  hunger  or  to 
an  inability  to  recognize  the  head,  a  mid>body  hold  is  sometimes  taken.  This  makes 
it  necessary  for  the  snake,  either  to  double  the  body  of  the  prey,  or  laboriously  to 
transfer  the  hold,  by  lateral  movements  of  the  snake's  jaws,  to  the  head  of  the  prey. 
Occasionally  animals  are  swallowed  tail  first,  which  also  increases  the  difficulty. 
.Such  improjjcr  holds  arc  not  inlrequently  observed  at  the  /oo.  Some  jjublislud 
accounts  of  animals  eaten  tail  first  will  be  found  in  Kvermann  (1915,  p.  1),  Ruihling 
(1916,  p.  28),  KaulTeld  (1943b,  p.  (ill),  and  AlcCauley  (1945,  p.  137).  Waicrton 
(1834,  p.  67)  scoffed  at  Audubon  (1827,  p.  22)  for  having  maintained  that  he  saw  a 
rattler  swallow  a  squirrel  tail  first;  in  this  instance  Audubon  did  not  deserve  the 
criticism.  Kunz^  (1879,  p.  332),  when  he  fed  mice  to  a  captive  horridus,  noted  that 
one  out  of  40  was  eaten  tail  first. 

After  a  snake  has  swallowed  its  prey,  it  will  usually  i' n  as  if  to  relieve  the 
stretched  mouth  parts  and  setile  them  again  into  a  comlort.il)lc  position.  During 
this  action  it  may  alternately  advance  the  fangs  and  refold  them  once  or  twice. 

The  mechani>m  whereby  a  snake  can  breathe,  even  though  its  mouth  and  throat 
be  crowded  with  a  large  animal,  is  provided  by  the  structure  of  the  trachea  or 
windpipe.  This  opens  near  the  anterior  tip  of  the  lower  jaw  and  is  not  collapsible. 
The  glottis  (the  outer  end  of  the  trachea)  is  not  fixed  in  position;  it  may  be  caused 
to  extend  out  into  the  air  below  the  prey  to  serve  as  an  air  intake  while  the  swal- 
lowing proceeds. 

Licking  Prey 

It  was  once  a  common  belief  that  rattlesnakes,  before  eating  prey,  lick  it  all  over, 
covering  it  with  slime  to  facilitate  the  swallowing  process  (Beverly,  1722,  p.  65; 
Kalm,  1752-53,  p.  GO:  Byrd,  1929.  p.  158  [written  in  1728j;  Wesley.  1770.  vol.  1, 
p.  173;  1784,  vol.  2,  p.  35;  Lombard,  1881,  p.  88).  This  myth  is  still  heard  today 
(Bealer,  1921,  p.  69).  An  examination  of  a  rattlesnake's  tongue  will  show  the  im- 
possibility of  such  an  idea;  for  so  thin  and  delicate  an  otgan,  even  if  it  dripped 
saliva,  would  require  hours  to  cover  the  smallest  mouse.  The  explanation  of  this 
widespread  idea  is  simple:  Someone  comes  upon  a  snake  that  for  some  reason  has 
regurgitated  its  prey,  heavily  coated  with  sali\  a  and  digestive  juices  as  it  would  be, 
and  jumps  to  the  conclusion  that  it  had  been  coated  before  being  swallowed. 
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As  an  t'XiiiMjjIt'  ol  lliis  unsouiul  i  t  asoniiii^,  W.  (18  JO,  p.  (i'J)  saw  a  ratlli  r  swallowing 
a  small  ground  squirrel.  Wlitn  ihc  snake  had  the  rotleni  partly  down  it  became 
frightened  and  regurgitated.  It  then,  according  to  VV'.,  covered  it  with  slime  and 
reswallowed  it.  What  reall)  happened  was  that  the  prey  became  a>vered  with  the 
slime  while  it  was  being  partly  or  entirely  swallowed  the  first  time. 

I)rsf;()K(.iN(,  1'ki  ^ 

Ratllcsiiakts  ha\e  no  dilluulty  in  <:Iisoort;in;4  l^rcy  thai  has  been  completely  swal- 
lowed, as  anyone  knows  who  has  taken  the  trouble  to  lorce-ieeil  a  snake,  only  to 
have  the  food  shot  out  in  a  fraction  ot  the  time  it  took  laboriously  to  work  it  in. 
But  during  the  course  of  the  swallowing  process  a  rattler  may  sometimes  have 
difficulty  in  getting  rid  of  the  food.  For  example,  Grinnell  and  Grinnell  (1907,  p. 
53;  Grinnell.  1908,  p.  169)  found  a  small  southern  Pacific  rattlesnake  with  its  mouth 
so  completely  gagged  by  a  half-swallowed  nualIo^\•  mouse  that  it  was  unable  to 
rid  its{  11  of  the  prey  and  therefore  coukl  be  handled  (piite  safely.  Bogert  (1927, 
p.  '_"JS)  recounts  a  similar  case  of  a  Moja\e  rattlesnake  found  while  enmaiicd  in 
swallowing  a  kangaroo  rat.  Although  the  snake  was  infin  iatcd.  it  si  cnu d  unable 
to  throw  up  the  rat  so  that  it  miglit  pay  its  res|Jects  to  tlie  miiiuler.  Woodbury 
(1933,  p.  8)  found  a  young  Great  Basin  rattler  eating  a  Woodhouse  jay.  When  the 
snake  tried  to  disgorge  the  bird,  its  bill  caught  in  the  snake's  throat  and  actually 
punctured  the  skin.  One  of  my  correspondents  also  mentions  such  an  experience: 

Rattlesnakes  do  not  seem  to  be  able  to  disgorge  anything  tliey  have  started  to  swallow.  1 
killrc!  OIK*  eating  a  young  rabbit  and  he  couldn't  or  wouldn't  let  loose  of  it.  Lawrence  Kelly, 

Utnj)cr,  Oiri^. 

But  dilht  uliv  in  lejcding  prey  is  not  al^^■a\s  e\ident  during  the  swallowing 
process.  McLean  (1**2(1.  p.  (>2;  see  also  \'an  l)u\n,  HM.'.  |).  03)  found  a  northern 
Paiidt  laiilci  s\\;illo\\  .i  goklni  ni.iniUd  <j;ioiiinl  s(|uiiiel,  with  oidv  tlie  hind 
legs  and  tail  of  the  prey  protruding  from  the  snake  s  mouth.  When  poked,  the 
snake  disgorged  its  prey  immediately.  The  fact  that  the  squirrel  was  so  large  as  to 
tax  the  snake's  swallowing  capacity  was  indicated  by  the  almost  useless  condition 
of  the  lower  jaw  for  some  time  after  the  prey  had  been  regurgitated.  Three  of  my 
correspondents  report  somewhat  similar  experiences: 

Contrary  to  cxnnmon  belief  that  rattlers  cannot  di^rge  half-swallowetl  objects.  I  have  seen 
them,  whot)  toasctl,  disfjoii^c  stiniirpk  tlint  wcvc  itunc  tlian  half  suallDwed,  If  left  to  them- 
selves tlicy  will  go  back  and  toiiliiiuc  llicir  meal.  H.  Lee  Morris,  U.  S.  Fiih  and  U  ildlife 
Service,  Tulelake,  Calif. 

o 

I  once  killed  a  big  southern  Padfic  rattlesnake  in  the  Angeki,  .National  Fotiiit.  lie  had 
killed  and  partly  swallowed  a  brash  rabbit,*'  head  first.  When  struck  with  a  rake,  and 

slinlitlv  injured,  he  c|ui(kly  spit  out  tin-  and  (oilcd.  I  thouplit  this  inicusliiii;.  as  I 

had  belic\cd  a  rattier  in  the  act  ol  swallowing  his  pre)  was  helpless  tu  delend  himself  for 
fome  little  time.  T.  B.  Niehaus,  U,  S.  Forest  Service,  Challenge,  Calif. 

-o 

I  observed  a  lattlcsnake  catinj;  a  piomul  squiriel,  Cilrllus  ssp.  It  was  alioiil  fnic-half  in  the 
snake's  mouth,  and  was  bein,^  swallowed  head  first.  It  was  immediately  and  easily  disgorged 
when  I  approached.  Dtm  S.  Simi>s(m,  Drfmiy  Game  Warden,  Saratoga.  Wyo. 

When  an  animal  has  been  conijik icly  swallowed  theic  iu  \t  r  seems  to  be  any 
diflicuUy  in  thiowing  it  up.  Rattlers  are  easily  frightened  and  will  disgorge  their 

"  SylvHagus  bachmani  cincrascens. 
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food  if  handled  after  a  meal,  a  habit  wxll  known  to  all  /oo  ciistotlians  (see  also 
Gamble,  19.^4,  p.  230).  Occasionally  a  rattkr.  disturbed  while  ieedinu;,  may  mani- 
fest a  greater  initability  than  is  normal.  Kalm  (1752-53,  j).  315)  expressed  the 
opinion  that  rattlesnakes  are  moie  irritable  when  hun<»ry.  However,  this  might 
well  be  interpreted  as  indicating  alertness  rather  than  anger.  Pierce  (1933,  p.  62) 
came  upon  a  southern  Pacific  rattlesnake  as  it  was  eating  a  young  mountain  quail. 
The  snake«  prevented  from  escaping,  disgorged  the  bird  and  went  for  the  intruder. 

I  found  a  raulesnake  eating  young  jackrabbits.  I  watched  him  s%valiour  one,  and  when  he 

icKi!,  Iinld  of  a  seroiul  I  slcppctl  in.  Tlir  sii:ikc  hc^an  to  lattlc  even  hcfoif  he  "Jaw  inc.  antl 
hccmuc*  very  mad.  He  rclcajicd  Uic  lubbit  and  coiled  by  a  bu^h,  ready  to  strike.  Hubert  M, 
Parktturst.  V.  S.  Fish  and  Wildlife  Service,  Weiser,  Idahth 

Dkai)  loot) 

Under  the  conditions  of  caj)tivilv,  laillesnakes  eat  dead  crcatures  quite  readily, 

and  it  is  known  that  tluy  orcasioiially  do  so  in  tlie  wild. 

Once  I  surprised  a  large  rattler  getting  ready  to  swallow  a  ground  sijuirrel  that  had  been  dead 
for  some  time,  at  the  carcan  was  badly  swollen.  M.  D.  Morris,  V.  S.  Forest  Service,  Pollock 
Fines,  Calif. 

Koib  (1946,  p.  22)  tells  of  shooting  a  squirrel  out  of  a  tree.  He  then  went  after 
two  others;  when  he  returned  to  the  first  it  was  being  swallowed  by  a  large  "coon- 
tailed"  rattler  (western  diamond,  C.  airox).  In  this  insunce  the  squirrel  may  not 
have  been  dead  when  the  rattler  found  it  beneath  the  tree.  LeRay  (1930,  p.  203) 
reported  finding  a  massasauga  (S.  r.  ralrnntus)  that  was  eating  a  frog,  the  legs  of 
whic  h  were  so  stiff  he  judged  it  nnist  hav  e  been  found  dead.  .Swanson  (1952,  p.  181) 
obsei  ved  two  instances  in  whicli  timber  rattlers  (C,  It.  honidus)  had  eaten  dead 
prev . 

In  another  case,  a  southwestern  speckled  lattlcsnakc  (C.  ///.  l/yrrhiis)  ate  a  ground 
squirrel  tliat  had  been  shot  and  left  in  a  field  some  three  hours  before.  At  7:30  in 
the  evening  of  May  23,  1946,  C.  B.  Perkins  and  I  came  upon  a  sidewinder  (C.  c. 
laterorepens)  that  was  swallowing  a  dead  kangaroo  rat  (pipodomys).  The  rat  was 
moderately  stiff,  and  a  cut  on  one  side  showed  that  it  had  been  a  traffic  casualty. 

It  is  not  at  all  unusual  to  find  t  it tiesnakes  attempting  to  cat  mammals  that  have 
been  caught  in  tiaps.  1".  ]•'.  CiamU  i,  lollowing  up  a  trap  line,  foiuul  a  red  diamond 
rattler  (C  r.  ruber)  that  was  swallowing  a  tiapped  rat,  and  was  making  eveiy  effort 
to  get  past  the  obstruction  of  the  wire  sj)ring.  Wade  Kox  told  me  of  finding  a 
speckled  rattler  (C.  ui.  f>yrr}ius)  nosing  a  Peromystus  caught  in  one  of  his  traps. 
Von  Blocker  (1912,  p.  .^8)  reported  a  southern  Pacific  rattlesnake  that  was  trying 
to  swallow  a  trapped  silky-haired  pocket  mouse. 

Fat Ai  Mi  vis 

Octasionallv  one  hears  of  a  meal  tliat  lias  piovt  tl  lai.il,  tlir  latiliMiaki  In  in^  uuublc 
cither  to  engulf  the         or  rid  itself  of  the  half-swallowed  eiu  tinil)i  aiu  i:: 

About  tuo  years  ago  I  found  a  dead  rattlesnake  wliicli  had  alxjut  liail-sualiowed  a  >oung 
couontail,  and  it  had  evidently  choked  the  snake  to  death.  I  could  find  no  other  sign  of 
injury  on  the  snake.  A.  I..  Alexander,  U.  S.  Forest  Service,  Roosevelt,  Ariu 

o 

On  one  occasion  I  found  a  rattler  dead  with  a  bird  in  its  mouth.  Evidently  the  snake  had 
attempted  to  swallow  the  bird  and  it  got  caught  in  iu  mouth,  and  the  snake  finally  died. 
W.  T.  Sweet,  Butte,  Mont. 
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Fitch  (UMDa,  p.  532)  tt  lis  f)l  a  small.  latlK  i  i-iiiat  iatt  cl  \()uii<^  iioi  llu-i  ii  Pac  ific 
rattler  that  wa^  kept  wiili  scxcial  others  in  a  pit  uhcre  iiaiuial  coiichtioiis  were 
simulated.  One  night  it  ate  a  pocket  mouse,  and  on  the  following  niurning  its 
movements  were  so  handicapped  by  the  large  meal  that  it  was  unable  to  reach  its 
accustomed  shelter  and  was  killed  by  the  sun.  Quelch  (1891»  p.  9)  tells  o£  a  young 
South  American  rattler  (C.  d.  terrificiis)  that  died  while  trying  to  swallow  a  harm- 
less snake  longer  than  itself. 

Horned  toads  arc  occasionally  fatal  to  rattlesnakes,  as  they  are  to  other  snakes 
as  well.  A  hornt  cl  toad  held  by  the  head,  will  swing  it  from  side  to  siile,  as  if 
deliht  rately  seckin*;;  (o  can.se  injmy  with  the  horns.  Van  Denbnrgh  (1922,  vol,  2, 
p.  9b7)  reported  a  sidewinder  found  with  a  desert  horned  toad  {Phrynosoma  p. 
plaiyrhinos)  partly  swallowed.  The  horns  had  penetrated  and  protruded  from  the 
lower  surface  of  the  snake's  neck.  Vorhies  (1932,  p.  372;  1948,  p.  303)  shows  a  picture 
of  a  small  Mojave  rattlesnake  (C.  5.  scutulatus)  found  with  a  regal  homed  toad 
(P.  solfirr)  that  it  had  tried  to  swallow.  The  horns  had  pierced  the  snake's  throat 
and  neck.  The  snake  was  still  alive  when  iound,  but  died  soon  after.  Milne  and 
Milne  (11)18.  p.  27;  11)50.  p.  725)  stale  that  the  skeletons  f)l  rattlers  that  have  tried 
to  swallow  Texas  horned  toads  (/'.  rornutii in)  ha\e  Ix xti  Iound  in  1  e.\as.  liut 
Bogcrt  noted  a  cajjtive  sidewinder  (C.  c.  laterurepciis)  that  ate  a  Texas  horned  toad 
without  suffering  injury.  Short'homed  homed  toads  {P,  dougUmi  ssp.)  have  horns 
that  are  too  short  and  dull  to  cause  inconvenience  to  a  rattler.  Instances  of  their 
being  eaten  have  been  reported  under  the  food  habits  of  C.  v.  viridis. 

Erickson  (1950,  p.  43)  found  a  live  timber  rattler  that  had  several  porcupine 
quills  protruding  from  its  jaw.  Evidently  it  had  struck  a  porcupine.  Watson 
(1751,  p.  2S9)  slates  tliat  when  a  rattler  cats  a  white  hedgehog,  the  skin  is  digested 
and  the  rattler  is  killed  by  the  loose  prickles.  As  hedgehogs  arc  Old  World  creatures, 
inatce.sNible  to  rattlesnakes,  tlie  story  may  have  reterence  to  porcupnies. 

In  the  Pennsylvania  Gatne  News,  vol.  25,  no.  11,  p.  38,  November,  1954,  there 
is  a  note  concerning  a  timber  rattler  (C.  h,  horridtts)  that  was  found  with  a  dead 
squirrel  in  its  mouth.  The  squirrel  had  its  teeth  so  locked  on  a  part  of  the  rattler 
that  it  coidd  neither  be  swallowed  nor  ejected.  When  found,  the  snake  was  rattling 
and  writhing.  Presumably  it  would  have  died  from  this  posthumous  revenge  of 
its  victim. 

Reactions  op  Prey 

While  the  fascination  of  birds  and  mammals  by  rattlesnakes  is  no  longer  believed 
possible  by  those  who  have  given  the  closest  study  to  the  habits  of  the  snakes,  other 
reactions  upon  the  part  of  animals  that  normally  serve  as  the  food  of  snakes  are 
well  authenticated.  Grinnell  and  Grinnell  (1907,  p.  53)  located  three  snakes  by 

following  the  excited  calls  of  a  number  of  birds  in  a  rose  thicket.  It  is  not  unusual 
to  hnd  birds  diattering  noisily  about  a  snake.  A.  M.  Jackley  located  praii  ie  rattle- 
snakes by  ol)ser\ing  a  cliarat terist ir  neck-craning  by  meadow  larks.  The  actions  of 
turkeys,  which,  upon  luitlnig  a  snake  in  a  field,  cirde  around  it  with  wariung 
cries,  are  well  know  n,  l  liis  reaction  has  even  been  used  to  aid  in  the  collection  of 
snakes  (H.  M.  Smith,  1946,  p.  63). 

Of  the  studies  thus  far  made  on  the  reaction  of  mammals  to  rattlesnakes,  those 
on  the  California  ground  squirrel  {Citellus  beecheyi)  have  been  the  most  com- 
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plcte.  Linsdale  (1940,  p.  67),  Fitch  and  Twining  (19*16,  p.  60),  Fitch  and  Glading 
(1917,  p.  10-1),  and  Fiuli  (1918a,  p.  5')!)  have  presented  the  lesults  of  extensive 
field  observations.  Linsdale,  in  his  detailed  notes,  lias  Uius  described  the  typical 
ground-squirrel  reaction: 

The  responses  of  ground  squirrels  to  rattlesnakes  are  especially  striking.  The  behavior  ol  a 
squirrel  in  the  presence  of  a  snake  is  recognizable  and  we  have  not  seen  it  dcmonstriUcd 
under  any  other  drcumstanoes.  The  ground  squirrel  uses  its  tail  for  a  special  kind  of  com- 
muiiication.  The  squirrel  npproarhc;  within  a  foot  or  tuo  of  the  snake,  its  tail  lu-ld 
nearly  vertical  and  thrasiied  from  side  to  side  three  or  four  times  at  intervals  of  a  few 
seconds.  It  foces  the  snake,  occasionally  taking  a  few  stiff  steps  toward  or  away  from  it,  and 
may  keep  this  up  for  three  minutes  or  longer,  seeming  reluctant  to  turn  its  back  toward  the 
snakf.  C)ther  squirrels  may  approach,  starling  to  wigwag  their  tails  when  about  10  feet  ofT, 
sometimes  seeming  to  wigwag  us  the  leader  did,  and  directly  after,  as  if  transmitting  a 
signal.  The  raised  tail  and  the  i\  agging  are  kept  up  for  half  a  minute  or  longer  after  leaving 
the  vicinity  of  the  snake.  The  snake  may  be  in  the  grass  or  in  a  burrow.  This  type  of 
behavior  is  strictly  limited  to  the  presence  of  rattlesnakes,  but  it  is  an  estaV)lishcd  procedure. 
It  has  been  reported  for  other  localities  and  the  similarity  of  the  performance  is  impressive. 
At  the  same  time  much  variety  is  expressed  because  the  circumstances  of  each  encounter 
differ. 

Dr.  Linsdale  also  noted  that  )oung  ground  squirrels,  upon  issuing  troni  a  burrow 
that  harbored  a  rattlesnake,  althougii  they  were  otherwise  uninjured,  rubbed  their 
eyes  as  if  affected  by  something  objectionable.  This  reaction  should  have  further 
study.  Linsdale's  observations  were  made  at  the  Frances  Simes  Hastings  Natural 

History  Reservation,  Monterey  County,  California.  The  only  rattlesnake  occurring 
there  is  the  northern  Pacific  rattler  (C.  v.  oreganus). 

Dr.  Joseph  S.  Dixon,  field  naturalist  of  the  V.  S.  Fish  and  Wildlife  Service, 
wrote  me  of  a  ground  squirrel  that  walled  itself  olf  from  a  rattler; 

At  Miguel  Meadow  in  Yosemite  National  Park  on  July  7,  1910,  we  found  at  3  p.m.  a  larijc 
Pacific  rattlesnake  resting  halfway  down  a  Caliiurnia  ground  squirrel  burrow.  Just  74 
inches  away  an  exdted  adult  ground  squirrel  poked  its  head  out  of  another  burrow, 
seemingly  connected  with  ilie  burrow  the  rattlesnake  was  in.  One  of  the  students  approached 
to  within  eif^ht  feet  of  the  snake  and  as  soon  as  the  man's  shadow  fell  on  the  snake  it  turned 
and  fled  down  into  the  squirrel  burrow.  We  saw  (he  adult  ground  scjuirrel  run  down  the 
other  burrow  and  soon  heard  it  di^ng  furiously,  evidently  in  an  attempt  to  wall  off  and 
plug  its  burrow  so  the  rattlesnake  could  not  icatli  it. 

While  the  students  stood  guard  I  took  a  shovel  and  dug  out  both  burrows,  and  found  a 
dirt  plug  between  the  squirrel  and  the  snake. 

Osborn  and  Allan  (1949,  p.  ^50)  watched  several  young  prairie  dogs  approach 
their  holes  with  a  peculiar  stiff-legged  gait.  Some  went  down  n  hole,  immediately 
reappeared,  and  then  entered  another.  Tlie  authors  in\ csiioaitcl  and  heard  a 
tattler  rattling  in  one  hole.  Pctjuegnat  (1915,  p.  89)  found  evidence  that  a  katigaroo 
rat  had  kicked  tlust  at  a  rattlesnake  thiee  times. 

Whether  rattlesnakes  ever  use  any  means  of  luring  prey  within  striking  distance 
is  not  known.  One  of  the  early  theories  of  the  purpose  of  the  rattle  was  its  use 
in  the  attraction  of  birds  by  imitation  of  such  insects  as  the  cicada.  This  theory  is 
no  longer  given  serious  consideration.  But  A.  M.  Jackley  thought  the  rattle  might 
bring  some  creatures  within  range  through  curiosity.  He  wrote: 

The  first  reaction  of  a  rattlesnake,  when  a  bird  lands  close  by,  out  of  curiosity,  is  to  rattle. 
This  is  true  also  if  a  chipmunk  approaches.  When  the  snake  rattles  the  bird  will  uke 
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flight,  or  the  tliipiiuiiik  will  iiiii  awa)  a  sliuii  iliMaiicc.  1  iicy  arc  Iriglilciicd  by  the  rattle, 
but  soon  return  with  their  curiosity  more  thoroughly  aroused.  That  the  rattling  does  in- 
tensify the  iiiiiosiiv  of  the  prey  is  apparent.  One  need  only  to  observe  fouls  siuli  as 
<hi(ktiis  :iii(l  iiiiktxs  lo  (leleriiiine  that.  I  have  uiiiicssed  so  many  inslances  in  uhith  tlie 
snake  was  ajjpioaclieil  l)\  a  curious  htirueil  lark  or  meadow  lark,  and  their  reaciions  were 
so  plain,  that  I  have  no  doubt  concerning  this  effect  of  the  rattle. 

Kaulltlci  (I9i;>b.  ]).  ()12)  noted  that  \()uiig  l)aiKlcd  rock  ratilcsnakis  (C.  /. 
khnihrri),  \shich  have  bright  yellow  (ails,  wa\c  ihciii  with  a  iiioic  oi  Irss  ict^iilar 
motion  while  the  snakes  arc  otherwise  tjuiet.  He  thought  tliis  niiglii  be  in  inntatioii 
of  grubs  for  the  purpose  of  luring  the  lizards  upon  which  these  young  snakes  feed, 
but  did  not  succeed  in  proving  that  this  was  the  purpose  of  the  peculiar  action. 
Juvenile  southern  Pacific  rattlers  (C.  v.  helleri)  also  have  bright  yellow  tails,  which 
color  changes  to  gray  or  black  as  the  snakes  age.  But  they  have  not  been  observed 
to  indulge  in  tail-waving  as  did  the  young  kJauhcri.  Allen  (1949b,  p.  225)  noted 
that  jtnenilc  Mexican  moccasins  {Agkiatrodon  b.  bilineatus)  waveil  their  conspicu- 
ously yellow  tails  to  attract  frogs.  The  tails  were  actually  snapped  at  by  the  frogs, 
which,  in  turn,  were  sei/etl  by  the  snakes.  A  further  discussion  of  tail-waving  is  that 
of  Burger  and  Smith  (1950,  p.  431). 

Interrelationships  of  Rattlesnakes  and  Prey 

That  food  availability  greatly  affects  the  ranges  and  habits  of  all  rattlesnakes,  goes 
without  saying.  Kauffield  (1943b,  p.  610)  has  called  attention  to  the  fact  that  the 
young  lizards,  upon  which  the  small  species  of  rattlers  (e.g.,  pricei  and  klauberi) 
feed,  are  born  at  the  same  time  as  the  jjiedators  themselves,  a  condition  favor- 
able to  snakes'  survival.  llowe\(  r,  nearly  all  reptiles  in  the  southern  part  of  the 
I'nited  States  are  l)oiii  oi  liaiclied  in  the  early  fall,  whether  prey,  predators,  or 

wiilioui  i  n  1 1  1 1 1  1.1 1  i<  Ml .   I   h.iNi.    iiixmU  liittl  to  as(  ci  t.iiu  \vlu'tlKi   i  aiiK'MiakLs  arc 

more  plenliliil  on  the  loads  at  night  when  ruts  and  nute  are  also  particularly 
numerous,  but  I  am  still  not  sure  that  there  is  any  correlation.  Mammals  are  much 
less  dependent  for  their  activity  on  suitable  air  and  ground  temperatures  than  the 
rattlers,  so  that  they  were  sometimes  abundant  on  nights  when  the  snakes  kept  to 
their  holes.  But  it  is  true  that  on  certain  occasions  when  the  mammals  seemed 
particidarly  numerous,  the  snakes  were  also  plentiful  (Klauber,  1939a,  pp.  18,  29). 

Kitdi  (191Pa,  p.  'y\~:  see  also  Howard,  19,'),'i.  p.  l.'5I)  has  discussed  vations  sea- 
sonal and  other  relationships  ot  the  not  thern  Pacific  rattlesnakes  and  their  prey 
on  the  San  }(ta(|iiin  Kxpei  imeiUal  Range.  Heie  the  rattlesnake  is  the  most  abini- 
dant  of  llie  predators,  witli  a  popidaiion  that  he  estimates  at  1.19  snakes  per  acre. 
They  eliminate  one  or  two  ground  squirrels  per  acre  per  year  (1948a,  p.  .593).  Fitch 
calculates  that  the  rattlesnakes  and  gopher  snakes  (Pituophis  c.  catenifer)  together 
account  for  the  destruction  of  37  per  cent  of  the  annual  ground-squirrel  increase 
(34%  per  cent  by  rattlers),  but  much  less  of  the  other  rodents  that  they  eat.  He  also 
points  out  (1919a.  p.  .519)  how  fa\oiably  the  seasonal  activities  of  the  ground 
sc|uirrels  fit  with  those  of  (he  rattlers  irom  the  standpoint  of  the  hulc  i .  The  giound 
squirrels  aie  diurnal.  1  he  \oiing  are  !)()rn  in  the  s[)tin<i  and  ai(  about  a  thiid-  to 
half-giown  at  the  time  when  the  lattli  i.s  are  diuinal  and  most  active.  Not  only  are 
young  ground  squirrels  of  just  the  proper  size  to  furnish  a  full  meal  for  an  average 
adult  snake — only  an  exceptionally  large  male  rattler  could  swallow  a  full-sized 
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ground  s(|uincl — bui  the  youni^,  in  ilicir  incautious  i^aniboh,  arc  more  likely  to 
come  within  range  ol  a  waiting  snake.  Later,  when  tlie  scjuirrels  lKi\e  grown  too 
laiiic  and  the  snakes  have  been  lelegated  to  night  forays  by  the  Uiuiiial  heat,  the 
nociui  n.il  kangaroo  rats  bear  the  brtmt  of  predation. 

FOOD  REQUIREMENTS 

Frequency  of  Feeding 

Studies  of  captive  specimens  indicate  that  mature  rattlesnakes  thrive  on  an  ade- 
quate meal  every  14  to  18  days.  In  the  wild  it  may  be  supposed  that  the  energy 
consumed  in  hunting  for  food  and  similar  activities  leads  to  a  slightly  greater  in- 
take requirement;  necessarily  the  meals  secured  would  be  more  irregular  with 
respect  to  both  frequency  and  si/e.  ^  oimg  rattlers,  with  a  greater  need  for  food 
dtiring  their  stage  of  rapid  growth,  iced  more  often  than  adults,  if  they  can  hnd 
suitable  piey. 

Most  of  the  statements  regarding  the  frequency  with  Avhich  rattlers  eat  in  the 
wild  have  been  mere  guesses.  They  have  varied  from  every  two  days  (Rolker,  1905, 
p.  204)  to  three  times  per  year  (StUlwell,  19S9,  p.  17).  But  recent  field  studies  of 
the  stomach  contents  of  large  series  of  rattlesnakes  are  beginning  to  give  us  data 
that,  co-ordinated  with  observations  on  captive  snakes,  permit  more  reliable 
conclusions. 

Fitch  and  Twining  (1916,  p.  64)  made  sin  vcys  of  the  food  habits  of  the  northern 
Pacific  rattlesnake  (C  v.  orrgrntus)  at  tlie  San  Joa(iuin  Kxpci  imental  Range  in 
Clalilornia.  Oni'  of  their  lines  of  i  c  si  aK  h  was  to  deiei  inine  the  j)roj)ortioil  of  the 
snakes  that  contained  tlie  remains  ol  food,  riuir  report  says  (j).  68): 

Stomach  conients  were  dissctletl  from  dead  snakes  and  palpcd  from  live  ones.  Undoubtedly 
in  the  live  snakes  many  wcll-digcsied  prey  items  that  might  have  Ijeen  revealed  by  dissection 
were  overlooked  because  too  much  digested  to  be  ioroed  up  by  manipulation.  Hence  the 
ratio  of  snakes  containing  food  was  low— only  79  of  the  total  number  of  521. 

They  give  the  following  monthly  distributions  of  the  ratios  of  the  snakes  con- 
taining food  to  the  total  examined:  March:  3  out  of  36:  April:  22  out  of  123;  May: 
26  out  of  140;  June:  14  out  of  88;  July:  10  out  of  31;  August:  2  out  of  41;  Septem- 
ber: 0  out  of  34;  October:  1  out  of  21 :  November:  1  out  of  7;  total:  79  out  of  521, 

or  15.2  per  cent.  These  fignres  slum-  that  the  liighest  proportions  of  snakes  contain- 
ing fc^od  occnr  in  the  months  of  .April  to  July,  but  the  highest  single  month  (jnly) 
Avas  only  32  per  cent,  l  itch  (1919a,  p.  519)  gives  a  later  ligurc  of  164  out  of  1,128 
containing  lood  in  the  siomadi,  or  1-1.5  per  cent. 

Uhler,  CJotlam,  and  Clarke  (1939,  p.  607).  who  made  complete  dissections  of  their 
snakes,  not  turning  them  loose  for  further  study  as  did  Fitch  and  Twining,  found 
recognizable  food  in  141  out  of  253  timber  rattlers,  or  56  per  cent.  This  indicates, 
as  expected,  that  examinations  of  live  snakes  do  not  disdose  the  complete  contents 
of  digestive  tract-  IT  it  be  assumed  from  the  Uhlcr,  Coiiam.  and  Clarke  data  that 
half  of  the  rattlesnakes  contain  at  least  some  letnnanis  ol  lood  in  the  intestinal 
trad,  and  that  (oniplete  elimination  recjuires  5  to  S  daxs  as  seems  to  be  indi(aied 
by  studies  of  tlie  digestive  processes  of  captive  snakes — we  reach  the  conclusion 
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that  aduli  rattlesnakes  feed  every  10  to  16  days,  it  is  my  belief — again  based  in  part 
on  obscr\ations  of  captive  specimens,  which  do  well  when  fed  at  intervals  of  two 
to  three  works — that  this  approximates  acluality,  at  least  at  times  of  major  activity. 
Ot  course,  at  best,  this  estimate  of  the  intervals  beween  feedings  is  only  an  average 
figure — one  subject  to  wide  variations  as  affected  by  the  season,  the  temperature, 
and  the  fortunes  of  the  chase. 

As  to  seasons,  it  is  believed  that  rattlers  are  especially  active  in  pursuit  of  food, 
first,  in  the  spring  to  replenish  the  fat  consumed  during  the  long  period  of  hiber* 
nation;  and,  second,  in  the  fall  to  restore  any  fat  depleted  by  inactivity  durii^ 
summer,  in  order  to  be  prepared  for  the  iiext  winter's  complete  seclusion.  How- 
ever, it  is  essential,  when  the  food  is  sec  ui eel  in  (he  latter  season,  that  there  be  suffi- 
cient waini  weather  to  insine  digestion  lielore  the  onset  ot  the  cold  stops  this  vital 
process.  1  hcsc  seasonal  dilTerenccs  arc  necessarily  dependent  on  temperatures  and 
therefore  on  both  latitude  and  altitude. 

Fitch  (1949a,  p.  550)  believes  that  the  adult  northern  Pacific  rattlesnakes  on  the 
San  Joaquin  Range  annually  require  twice  their  weight  in  food  in  order  to  keep 
in  good  condition.  This  would  involve  only  six  meals  of  ordinary  size  during  the 
active  seasf)n  of  m  \  c  n  inonilis,  for  an  average  meal  is  equal  to  from  30  to  40  per 
cent  of  tlu  snake  s  body  weight.  This  is  a  larger  intake  per  meal  than  is  contem- 
plated in  the  figure  1  have  given  of  a  meal  every  10  to  16  days  during  the  active 
season.  As  I  have  said,  my  estimates  are  based  in  part  on  captive  snakes  at  the  zoo, 
and  here  a  normal  meal  lor  an  adult  rattlesnake  is  about  25  per  cent  of  its  weight. 
There  are  sexual  diffonences  as  well;  the  females,  heavy  with  young  in  midsiramier, 
are  even  more  restricted  than  the  males  to  hunting  in  the  spring  and  fall. 

Temperatures,  whether  seasonal  or  diurnal,  are  of  great  importance  in  the  feed- 
ing schedules  of  snakes.  First,  they  affect  the  metabolic  rate  and  hence  both  the 
food  requirements  and  the  rate  of  digestion:  and,  secondly,  they  control  muscular 
activity  and  hence  the  ability  to  hunt  successfully.  These  two  cITccts  arc  obviously 
interrelated,  rhere  arc  upper  limuiiig  conditions  as  Avell;  and  at  botii  extremes 
they  work  together  rather  than  in  opposition.  Below  the  optimum  temperature 
the  snake  needs  less  food,  and  has  less  ability  to  secure  it;  above  the  optimum  he 
will  be  driven  below  ground  by  temperatures  he  cannot  withstand,  but  is  fortunate 
in  that  his  refuge — some  mammal  hole  or  rock  crevice — may  also  be  the  refuge  of 
his  prey,  to  the  latter's  undoing. 

Since  snakes  are  more  seriously  affected  by  temperatiunes — either  high  or  low — 
than  arc  birds  or  mammals,  and  cannot  remain  active  under  extremes  that  the 
higher  \  ertebratcs  can  easily  withstand,  it  is  to  be  expected  that  they  will  seek  to 
improve  their  lot  by  hunting  prey  during  that  part  of  the  day  or  night  ^vhen  the 
temperature  is  most  to  their  liking.  1  his  tliey  do,  but  at  the  same  time  their  hunting 
must  be  arranged  to  coincide  with  the  activities  of  the  prey.  Since  mammals  com- 
prise the  bulk  of  rattlesnake  food,  it  is  to  the  advantage  of  the  snakes  that  rodents 
are  also  largely  noctural  or  at  least  crepuscular. 

The  actual  temperature  limits  for  the  snakes  lie  between  about  60"  and  100*  F.; 
that  is,  the  air  and  ground  temperatures  together  with  the  solar  radiation  must 
be  such  as  will  result  in  body  temperatures  within  these  limits.  This  range,  in  fact, 
includes  exceptional  (onditions;  it  is  probable  thai  feeding  generallv  takes  place 
at  body  temperatures  between  70°  and  90*^  F.,  with  an  optimum  centering  at  about 
8S*  F. 
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Nocturnal  activity,  if  a  rattlesnake  be  driven  to  it  by  temperature,  is  not  a  handi- 
cap. Not  only  aie  sonic  of  its  principal  food  sources  noc  tural,  but  it  has  a  special 
sense,  independent  of  light,  and  in  fact  aided  by  darkness  and  low  temperatures, 
for  prey  detection.  This  is  jjrovided  by  a  special  sensory  organ — the  facial  pit— for 
the  location  of  warm-blooded  prey;  and  as  rattlers  depend  upon  this  and  an  acute 
sense  of  smell,  more  than  upon  sight,  they  are  well  equipped  to  hunt  at  night,  when 
small  mammals,  such  as  rats  and  mice,  are  particularly  active.  However,  in  the 
spring  before  the  onset  of  diurnal  temperatures  above  the  rattlesnake's  endurance, 
the  snake  is  fortunate  in  that  this  is  the  season  of  prevalence  of  young  ground 
squirrels  and  cottontails,  which  may  best  be  hunted  in  daytime. 

I'hat  chaiue  in  securing  prey  must  entail  wide  discrepancies  in  the  intervals 
betwci  ji  meals  is  so  evident  that  it  lequires  no  tlis(  ussion.  A  snake  that  fnids  a  small 
creature  will  be  satisfied  only  for  a  few  days  and  then  must  search  for  another;  or 
it  may  continue  to  hunt  until  it  has  eaten  a  bulk  equal  to  a  full  meal.  Should  a 
rattler  be  fortunate  in  finding  a  single  animal  equal  to  its  capacity,  there  will  no 
doubt  follow  a  maximum  interval  between  feedings  consistent  with  the  seasonal 
food  requirement. 

Summarizing  these  effects  of  seasons,  temperatures,  bodily  requirements,  and  the 
availability  of  prey,  I  should  express  the  opinion  that  adult  rattlers  of  the  larger 
species  require  a  full  meal  every  10  days  to  2  weeks  in  the  spring,  evcr\'  3  weeks  in 
the  suniniLr,  and  every  2  weeks  in  the  fall,  with  the  total  meals  per  annum  de- 
pendent on  the  length  of  the  active  season. 

It  is  only  natural  that  one  should  ask  why  a  rattlesnake's  schedule  of  meals  is  so 
completely  at  variance  with  what  we  should  ordinarily  expect  from  a  knowle<Ige 
of  other  animals.  This  results  from  several  different,  but  interrelated,  phases  of  a 
single  general  condition — the  reptile's  almost  complete  lack  of  internal  tempera- 
ture control,  as  discussed  elsewhere  (p.  411).  A  bird  or  mannnal  fixes  and  main- 
tains a  constant  or  nearly  constant  internal  temperature — that  best  suited  to  its 
own  life  [>roccsses.  This  level  is  maintained  by  internal  heating  through  oxidation 
of  the  carbohydrates  secured  from  food  when  a  rise  in  temperature  above  the  siu'- 
roundings  is  necessary;  and  by  cooling,  usually  through  evaporation  of  water  from 
the  lungs  or  skin,  when  a  high  temperature  of  the  surroundings  tends  to  raise  the 
body  above  the  optimum.  The  maintenance  of  a  fixed  optimum  body  temperature 
is  favorable  to  the  life  processes,  including  muscular  activity  and  food  digestion; 
but  this  maintenance  is  at  the  expense  of  energy  contained  in  the  food  when  the 
exterior  temperature  is  below  the  optimum,  as  is  nearly  always  the  case,  or  at  the 
expense  of  water  when  above. 

The  snake,  an  ectothermic  animal  lacking  this  contiol,  is  at  the  inerc\  of  wind 
and  weather,  for  its  tempciature  is  that  produced  by  its  surroinidings,  jiari icularlv 
of  the  ground  upon  which  it  rests  and  the  air,  and  by  the  solar  radiation  impinging 

on  its  body.  It  can  exert  muscular  activity  and  digest  food  only  when  these  external 
factors  maintain  a  body  temperature  within  a  certain  range.  But,  coincidentally, 
the  lack  of  a  temperature  differential  between  iu  body  and  the  surroundings  re- 
sults in  little  heat  loss  by  radiation  or  convc  c  t  ion;  its  digestion  is  geared  to  a  lower 

temperature  and  is  slower  than  that  of  birds  and  mammals,  for  otherwise  it  could 
eat  only  in  midsunmier;  and  its  muscular  activity  is  less.  All  of  these-  fac  tors  lead 
to  a  lower  food  intake  requirement  than  that  of  warm-blooded,  or  endothermic. 
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creatures.  As  an  iiicliialioii  ol  tlie  relative  lood  retjuirniuiils  ol  ectotliennic  and 
cndothcrniit  uniinals,  C.  J.  Martin  (1930,  p.  561)  has  slated  thai,  per  unit  ol  siu- 
face»  and  for  bare  existence  at  15**  to  20*>  C.  (59*>  to  68**  F.),  a  lizard  requires  only  2% 
per  cent  of  the  food  required  by  a  man.  See  p.  412  for  explanations  of  the  terms 
ectothermic  and  endothermic 

One  other  condition  tends  to  stretch  the  average  time  between  feedings.  The 
snake's  extensible  jaws,  and  the  physiology  of  its  intestinal  tract,  permit  the  ingest- 
ing f)f  food  items  tliat  nie  relatively  large  compared  \viih  tht  bulk  of  the  snake, 
i- itch  and  1  w  ininm  19  lb.  ]).  (19)  found  that  the  prey  of  northern  I'acilic  rattlesnakes 
averaged  10  per  (ent  of  the  weight  of  the  captor,  the  range  being  from  to  12.S 
per  tent,  l  ildi  (1919a,  p.  530)  later  concluded  that  two  lifths  of  the  body  weight 
would  be  an  average  adult  meal.  At  the  San  Diego  Zoo  we  have  observed  that  a  rat 
equal  to  one-fourth  of  the  snake's  weight  constitutes  a  satisfying  meal,  but  one  that 
cannot  be  considered  large  as  measured  by  its  full  swallowing  capacity.  But  these 
ratios  of  meal  to  body  weight  are  all  relatively  larger  than  the  ratios  represented 
by  the  nu  als  of  wann-bloodcd  carnivores. 

Fitch  (19!9a,  j).  571)  has  calculated  the  ililfeienccs  in  the  food  retjiiiremcnts  of 
rattlesnakes  as  (ompantl  with  tei  lain  waiin  blooded  pixclalors.  He  estimates  that 
an  achdt  rattlesnake — although  weighing  one-fdih  as  nuuh  as  a  red  tailed  hawk — 
annually  eats  only  as  much  as  would  satisfy  a  hawk  for  a  few  days;  and  a  rattle- 
snake's yearly  requirement  would  furnish  but  a  single  meal  for  a  coyote.  More 
frequent  feeding  is  the  penalty  the  warm-blooded  creatures  pay  for  their  higher 
metabolic  requirements  and  reduced  capacity  per  meal. 

Both  the  vicissitudes  of  the  rattlesnake's  method  of  securing  ))i  ey.  and  the  neces- 
sity for  a  long  hibernation  in  most  climates,  render  a  considerable  fat  storage 
necessaiy  for  sin\i\al.  Benedict  (19!Vi,  p.  lOS)  states  that  nearly  all  cold-blooded 
vertebrates  are  pkiililuUy  suppliiil  uiili  sudi  sloiage.  '1  his  .illcjws  the  siiakc  lo 

survive  irregularities  in  the  feeding  |x;riod  that  may  multiply,  by  many  times,  the 
intervals  we  have  assumed  to  be  normal.  In  fact,  it  is  not  unusual,  as  I  shall  men- 
tion later,  for  captive  rattlers  to  live  over  a  year  without  food.  Pollard  and  Young 

(1952,  p.  134)  mcntitm  the  lobes  of  fat  deposited  in  rattlesnakes  along  both  sides 
of  the  intestines  from  the  stomac  li  to  tlie  vent.  1  his  is  nearly  or  completely  ex- 
hausted at  the  end  of  the  period  of  hibernation.  (It  is  from  this  fat  that  rattlesnake 

oil  is  se(  ureil.) 

hittii  and  i  wining  (191(),  p.  69),  liom  their  experiences  on  the  San  Joacjuin 
Experimental  Range,  have  this  to  say  concerning  the  food  leqiiirenicnts  of  young 
snakes: 

Conditions  Eavui  iii<;  a  liigli  population  of  rattlesnakes  probably  could  exist  only  in  a  habitat 
affording  an  abundance  of  several  difTcrciit  prey  species,  w  liich  would  pio\ide  adequate  food 
sources  for  snakes  of  c\ciy  si/c.  .\l)unilan(c  of  small  i<«!rnts  and  li/ards  fa\nis  sutnssfii! 
Ucvclupincni  ot  the  smaller  snakes,  l  lic  area  of  the  Experiinenial  Range  has  relatively  high 
populations  of  rats  and  squirrel-sized  rodents,  providing  a  food  source  for  the  larger  snakes. 
But,  compared  with  many  other  aicas  in  the  western  states,  its  populations  of  lizards  and 
mouse  si/cd  rodents  arc  low.  I  houLih  srvoral  'ijict  irs  arc  prrsrnl.  none  is  partiddarlv 
aliundanl,  and  all  are  subject  to  marked  fluciuatjuns  in  numijcrs.  1  luis  small  rattlesnakes 
on  this  area  are  less  well  supplied  with  food  than  are  adults,  and  a  critical  stage  in  the  life 
ryrle  may  occur  thirin,i(  the  first  liu  monllis  of  life.  I)inin<;  tin-  late  >unnner  many  youno; 
liavc  been  found  in  emaciated  condition  and  we  suspect  that  a  high  proportion  of  each 
season's  brood  dies  before  reaching  the  age  of  a  year,  partly  ihrough  lack  of  sufficient  food. 
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That  the  high  mortality  among  the  juveniles  is  in  part  due  to  an  inadequate  food 
su|)ply  cannot  be  doubted,  but  this  may  l)e  srroiulary,  alihoiigli  iclaled  to,  tlie 
inroads  of  predators.  We  have  uoted  in  (apti\e  broods  at  the  San  Dict^o  Zoo  that 
those  indi\iduals  that  accept  food  (juickly  outsiiij)  their  bioihcrs  in  growth.  In 
the  wild,  failure  to  get  food  readily  would  seriously  affect  the  chances  of  survival 
in  two  ways:  First,  there  is  the  weakness  inherent  in  lack  of  food,  for  the  young 
rattler,  needing  all  his  nourishment  for  growth,  is  without  fat  storage  and  therefore 
must  have  his  meals  more  often  and  more  regularly  than  adults;  and,  secondly, 
failure  to  secure  prey  keeps  him  in  the  open  hunting  for  it  at  the  particular  stage 
of  life  when  he  is  subjet  t  t<>  m  iny  predators  that  could  neither  cope  with,  nor  eat, 
an  aduh  rattler.  Another  disaci\  antage  snfFcred  by  the  youn^  rattlers  is  their  greater 
de])cndeiu  e  on  lizards,  which  are  largely  diurnal,  a  furtlicr  temptation  to  dangerous 
daylight  foiavs. 

I'ood  habits  no  doubt  allect  the  young  of  some  rattlesnake  species  dilletentl)  than 
others.  In  western  San  Diego  County,  adult  southern  Pacific  rattlesnakes  (C.  v. 
helleri)  and  the  red  diamonds  (C.  r.  ruber)  are  ecjually  common.  There  seems  to 
be  no  difference  in  either  their  seasonal  or  diurnal  periods  of  activity.  Yet  there 

are  probably  10  juvenile  southern  Pacifies  observed  to  every  young  red  diamond. 
Tliis  may  Ije,  in  part,  becansc  the  red  diamonds,  which  are  slightly  lai^^r,  are  less 
dependent  on  li/aid  ])rev,  but  this  cannot  be  the  only  reason  for  so  marked  a  dif« 
ference  in  tlicir  apparent  numbers. 

It  is  no  doubt  signifuant  that  the  smaller  s|K.'(ics  (jl  laitlcrs.  snrh  as  tnilinriiix, 
lepidus,  pricfi,  and  cerastes,  are  found  in  areas  where  n»ousc-si/c  cl  nianunals,  or 
lizards,  or  both,  are  abundant.  However,  I  do  not  intend  to  imply  that  this  is  a 
simple  case  of  sole  cause  and  effect  by  which  the  ability  of  small  species  to  survive 
is  determined;  temperature-mass  considerations  affecting  heat  absorption  and  dis- 
sipation arc  also  important  in  delimiting  the  climates  in  which  animals  can  live. 

With  regard  to  post-natal  growth,  Trouslot  (1887,  j).  86)  reported  that  young 
massasaugas  grc\\'  three  or  foiu-  inches  without  cither  food  or  water,  but  this  is 
doubtlul.  Wright  (1911,  j).  ()()7)  agrees  that  lac  k  of  food  is  .ui  ini])oi  iant  sonrrc  of 
the  high  mortality  among  juveniles,  although  the  young  aie  able  to  li\e  lor  a 
while  on  the  remaining  contents  of  the  yolk  sac.  He  states  that  the  yolk  sacs  are 
drawn  into  the  body  shortly  after  birth,  whidi  is  contrary  to  our  observations;  for, 
in  all  the  normal  births  we  have  witnessed  at  San  Diego,  the  young  were  bom  with 
the  yolk  sacs  already  absorbed,  as  was  evident  from  their  distended  bellies.  Allen 
(1933,  p.  14)  had  occasion  to  dissect  two  female  bhuk-tailed  rattlers,  one  of  A\hich 
contained  young  in  a  more  advanced  stage  of  development  than  the  other.  In  the 
less  (levelopetl  voung,  tlie  yolk  sacs  w^ere  still  external,  while  in  the  brood  nearer 
birth  the  sacs  had  already  been  enclosed  within  the  body. 

W'c  occasiunully  fiiid,  in  the  wild  in  the  laic  spring,  yuung  rattlesnakes  but  little 

larger  than  the  normal  size  at  birth  in  autumn.  It  is  probable  that  these  are  not  the 
result  of  off-season  births,  but,  rather,  are  snakes  bom  at  the  usual  time  in  the  fall 
that  have  been  unsuccessful  in  obtaining  adequate  food,  yet  have  managed  some- 
how to  survive. 
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Effect  of  Shedding 

Skin-shedding,  as  shown  by  observations  of  captive  rattlesnakes,  does  not  seriously 
affect  their  hunting  for  prey,  except  for  a  few  days  two  to  four  times  a  year.  Al- 
though some  captive  specimens  will  take  food  when  in  the  first  stages  of  shedding — 

the  "blue-eyed"  stage  when  sight  is  interfered  with  by  the  partial  opacity  of  the 
eye  covering — it  is  to  be  doubted  that  wild  specimens  would  hunt  during  such  a 
period.  Although  rattlesnakes  are  probably  more  dependent  on  olfaction  and  the 
facial  pit  than  on  sight  to  secure  prey,  tlu/y  no  doubt  seek  conceahiu  nt  when  de- 
prived of  the  protection  of  the  rather  poor  eyesight  that  they  do  possess. 

Multiple  Meals 

From  what  has  been  said  it  will  be  evident  that  we  are  still  none  too  sure  of  the 
frequency  with  which  rattlers  feed  in  the  wild.  But  we  do  know  that  they  are  suc- 
cessful in  engulfing  prey  that  seems  quite  beyond  the  distensive  capacity  of  their 
jaws  and  neck — an  attribute  shared  with  all  snakes — and  that  the  stomach  contents 
often  include  several  different  creatures,  thus  showing  they  have  not  been  surfeited 
by  the  first  animal  secured. 

1  have  already  described  the  jaw  mechanism  by  which  rattlesnakes  are  enabled 
to  swallow  such  relatively  large  creatures,  and  this  withf)ut  the  help  of  teeth  ihat 
can  chew  or  tear,  or  hands  or  feet  to  hold  or  manipulate.  Full-grown  cottontails 
and  even  young  jackrabbits  are  not  beyond  the  capacity  of  the  largest  rattlesnakes, 
such  as  the  diamondbacks,  and  those  of  more  moderate  size  feed  on  mammals  as 
large  as  squirrels  and  prairie  dog/L  Even  the  juveniles  are  frequently  found  to 
contain  mice  of  a  surprising  bulk.  For  example,  Bryant  (1925,  p.  72)  noted  that  a 
rattler  only  two  feet  long  and  an  inch  in  diameter  had  swallowed  a  wood  rat  nine 

inches  long  (not  including  the  tail)  and  two  ami  a  half  inches  in  diameter.  Rodders 
and  Jcllison  (1921,  p.  12)  observed  that  a  prairie  rattler  weighing  414  grams  had 
swallowed  a  ground  s(|uirrel  weighing  297  grams.  Such  huge  meals  are  not  excep- 
tional. Fitch  and  1  wining  (1916,  p.  69)  record  an  nisiance  in  which  the  prey  actu- 
ally exceeded  the  weight  of  the  rattler  that  swallowed  it  by  as  mudbt  as  23  per  cent. 

While  the  taking  of  a  single  animal  of  large  size  would  no  doubt  satisfy  a  snake 
for  two  weeks  or  even  more,  the  presence  of  several  items  of  prey  in  the  digestive 
tracts  of  a  number  of  specimens  shows  that  swallowing  two  or  three  creatures  of 
more  moderate  size  is  quite  usual.  Sometimes  these  are  taken  at  a  single  time  and 
place,  as  happens  when  a  rattler  finds  a  litter  of  young  rabbits  or  a  nest  of  l)irds, 
but  more  frequently  they  are  diverse  creatures,  evidence  that  the  snake  continued 
hunting  after  securing  the  first  animal. 

That  a  rattler  will  clean  out  a  nest,  or  at  least  feed  to  repletion,  when  it  comes 
upon  a  litter  of  young  mammals  or  a  nest  of  birds,  is  evident  from  a  number  of 
reports.  I  have  myself  noted  from  two  to  four  young  cottontails  in  a  snake.  Fitch 
(1949a,  p.  549)  mentions  litters  of  three  and  four  that  had  been  eaten.  Atsatt  (1913, 
p.  44)  killed  a  southern  Pacific  rattler  that  contained  four  young  ground  squirrels. 

Three  of  my  correspondents,  all  from  Wyoming,  repoi  t  having  found  prairie 
rattlers  (C.  j-.  7>irid{s)  that  were  eating  young  meadow  larks  in  a  nest;  they  had 
eaten  three,  four,  and  five  birds,  respectively.  Keep  (1882,  p.  27)  shot  a  canebrake 
rattler  (C.  h.  atricaudatus)  that  had  several  young  quail  in  the  stomach.  Nauman 
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(1929,  p.  331)  found  a  timber  raitlei  (C.  /<.  horridus)  in  eastern  Iowa  that  had  eaten 
an  adult  field  sparrow,  together  with  its  brood  ol  nestlings. 

Domestic  creatures  sometimes  fall  victims,  li.,  J.  (1765,  p.  513)  tells  of  a  rattler 
that  had  eaten  15  y(nin<^  turkeys  in  a  brood.  A  newspaper  repoi  t  appeared  July 
11,  1937,  concerning  a  iarnicr  at  Jamestown,  Tuolumne  County,  California,  who 
found,  in  one  of  his  rabbit  hutdies,  a  northern  Pacific  rattlesnake  that  had  eaten 
a  litter  of  10  young  rabbits. 

Several  of  my  correspondents  tell  of  experiences  to  the  effect  that  a  rattlesnake, 
coming  upon  several  birds  or  mammals,  may  strike  and  kill  a  number  before  start- 
ing to  eat  one: 

They  arc  wanton  killers;  for  instanLC,  mv  wife  had  •;omc  pound-size  chickens  in  a  coop. 
She  hcatd  a  commotion  and  ran  out.  A  fom-foot  lattln  tiad  killed  three,  and  she  saw  him 
strike  a  fourth.  It  lived  about  half  a  minute  after  it  was  bitten.  /.  W.  Crigger^  U.  S.  Forest 
Servke,  HuntersviUe,  W,  Va. 

o 

1  had  a  hen  and  some  small  chicks  in  my  poultry  yard.  When  the  hen  made  a  noise,  my 
wife  went  out  to  see  what  was  causing  the  trouble.  A  small  timber  rattler  had  killed  three 
of  the  chicks  and  was  swallowing  one  of  them.  /.  L.  Hug^ns,  Game  Warden,  MulUru,  S.  C. 

But  most  of  the  stomach  contents  ot  rattlesnakes  containing  several  food  items 
indicate  that  they  were  secured  at  dillerent  times — that  the  snake,  not  satisfied  with 
the  first  animal,  continued  to  hunt  for  more,  sometimes  immediately  after  the  first 
was  eaten,  sometimes  later,  but  at  least  before  digestion  of  the  first  was  complete. 
Grinnell  (1908,  p.  170)  found  a  southern  Pacific  rattlesnake  with  two  chipmunks 
in  its  stomach.  The  more  complete  dissolution  of  the  first  one  swallowed  indicated 
that  there  may  have  been  an  interval  between  their  capture.  Out  of  164  northern 
Pacific  rattlesnakes  that  Fitch  (1949a,  p.  549)  found  with  food  in  their  stomachs, 
or  with  freshly  killed  prey,  only  six  had  more  than  a  single  food  item.  Two  had 
young  (Oitontails,  sccuretl  in  a  nest;  two  had  each  eaten  two  ground  squirrels;  one 
contained  a  fence  li/ard  and  a  pocket  mouse;  while  the  last  had  eaten  two  adult 
meadow  mic  e,  liui  the  study  of  scats  (iitch  and  1  wining,  19-11,  p.  71)  suggests  a 
larger  pei  centage  of  multiple  meals,  for  there  were  10  out  of  90  that  included  the 
remains  of  two  different  animals.  While  the  components  may  have  been  taken  some 
time  apart,  it  is  at  least  evident  that  the  second  was  secured  before  the  remains  of 
the  first  were  completely  eliminated. 

Tevis  (1943,  p.  243),  after  watching  a  red  diamond  rattler  strike  and  eat  a  young 
ground  squirrel,  saw  it  continue  to  hunt  for  more.  On  the  following  morning  its 
swollen  condition  indicated  that  it  had  cleaned  out  a  whole  colony  of  young 
sqin'rrels.  F.ven  so,  when  a  young  kangaioo  rat  was  thrown  toward  its  head,  this 
was  eaten  as  well.  Linsdale  (1946,  p.  72)  watched  a  northern  Pacific  rattler  hunting 
for  young  ground  squirrels,  although  already  distended  as  if  it  had  had  a  full  meal. 
Fitch  and  Twining  (1946,  p.  67)  found  a  rattler  that  seemed  to  have  fed,  yet  was 
coiled  beside  a  dying  young  ground  squirrel  as  if  preparing  to  enlarge  its  meal. 

The  following  are  some  records  of  multiple  meals  that  have  appeared  in  pi  int: 
Merriam  (in  .Siejiiegcr.  1893,  p.  217)  reported  a  sidewinder  (C.  c.  cerastes)  that  had 
eaten  a  kangaroo  rat  (Dipodomys)  and  two  pocket  mice  (Pcrognatlius).  Rahrnck 
(1929a,  p.  13)  shows  an  X  ray  of  a  timber  rattlesnake  (C.  Ii.  Iiorridus)  collected  in 
Massachusetts  that  contained  no  less  than  seven  small  animals,  including  a  shrew 
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and  a  meadow  mouse.  Hibbaitl  p.  2H\)  nieiilions  another  snake  of  the  same 

subspecies  that  had  swallowed  two  gray  squirrels  two-thirds  grown.  Anon.  (1938a, 
p.  166)  reported  a  western  diamond  (C.  atrox)  that  had  eaten  a  full-grown  cotton- 
tail and  a  quail.  Von  Blocker  (1942,  p.  38)  reported  a  particularl)  siu  prising  assort- 
ment of  food  in  the  stomach  of  a  southern  Pacific  rattlesnake,  which,  at  the  time 
was  trying  to  swallow  a  silky-haired  pocket  mouse  caught  in  a  trap.  According  to 
Von  Blocker  this  snake  had  already  eaten  three  Jerusalem  crickets,  a  California 
toad,  a  pocket  gopher,  a  harvest  mouse,  and  two  meadow  mice.  The  crickets  may 
ha\  c  been  ingcsied  hrst  by  the  load,  instead  ot  having  been  eaten  directly  by  the 
rattler. 

My  own  correspondents  have  sent  me  several  interesting  records  oi  niukiple 
meab: 

While  skinning  a  ]arg^  timber  lauki  uliicii  1  killed  on  Cuinbeilaiid  .Muuniaiii  la^i  summer, 
out  of  curiosity  I  examined  the  oontenu  of  ito  stomach  and  found  them  to  consist  of  a  toad, 

part  of  a  li/:ti(!,  and  part  of  some  varietv  of  snake,  the  rcmainiiij;;  skin  having  an  iiidistitK  t 
yellow  siripc.  I  louk  it  lu  be  a  garter  .snake.  R.  J.  McCormack,  Tennessee  Department  of 
Conservation,  South  Pittsburg,  Tenn. 

-o 

In  eastern  Oregon  we  killed  as  many  as  21  rattlesnakes  in  one  day  in  an  alfalfa  field,  ulicn 
hauling  hay  which  was  in  the  shock.  I  can  remember  one  rattlesnake  ihat  was  cut  in  two 
by  the  mowing  machine  thai  had  12  pocket  gophers'*  in  its  stomach.  L.  J.  Cooper,  U.  S. 
Forest  Service,  Merlin,  Oreg. 

o 

1  skinned  one  big  Pacific  rattler  on  Cortina  Creek  that  contained  two  ground  s(|iiirrcls  and 
a  hen  quail,  the  diction  of  which  had  not  begun.  R.  M.  Williams,  Arhuekle,  Calif. 

Other  nuihijjle  meals  nic  niitnucl  bv  mv  correspondents  liave  been  these:  three 
rats  in  one  eastern  diamondback  (C.  adatnantciis);  two  rabbits  in  a  timber  rattler 
(C.  h.  korridus);  two  striped  gophers  in  one  prairie  rattlesnake  (C.  v.  viridis),  and 
a  small  rabbit  and  a  short-homed  horned  toad  in  another;  a  kangaroo  rat  {Dipodo- 
my$)  and  a  whiptail  lizard  (Cnemidophortts  t.  tigris)  in  a  Great  Basin  rattler  (C.  v. 
lutostis);  several  birds,  one  of  which  was  a  western  mockingbird,  in  a  southern 
Pacific  rattler  (C.  t'.  hclleri);  and  an  antelope  ground  squirrel  and  a  pocket  mouse 
in  a  Pan.imint  rattlesnake  (C'.  tn.  s(rphensi).  I  ha\e  found  more  than  one  lood  item 
in  sjjcc  imens  ol  (  CKistcs.  latcioyrpcns,  hot  >  idtts,  f)yi  rhits,  helleri,  and  viridis.  Mixed 
li/ard  and  mammal  remains  were  not  uncommon. 

Digestion 

Some  curious  ideas  about  the  digestive  processes  of  snakes  have  been  recorded  from 
time  to  time.  Kalm  (1752-^3,  p.  69)  thought  that  if  a  rattler  ate  something  too 
large  to  swallow,  it  could  hold  the  posterior  part  of  tlie  meal  in  its  mouth  until  the 
swalloweil  hall  had  been  digested.  I'his  was  jjiobaljly  a  misinterpretation  ot  early 
nolts  bv  li\rd  (1929,  p.  1'>S.  but  first  publisiied  in  17.",")  which  indicated  that  the 
lu  .id  ol  an  ain'm.il  swa  lli  )\\  td  head-fn  st  m:iy  be  well  dit^ested  while  the  posterior  is 
still  hi  the  stomac  li  lelatively  intact.  This  has  since  been  confirmed  by  others. 

Motl  (1936,  p.  G)  expressed  the  opinion  that  rattlesnakes  have  no  stomadhs,  the 
food  merely  staying  in  the  body  until  decayed.  Brookes  (176S,  vol.  B,  p.  S70)  cor- 
rectly denied  that  rattlesnakes  vomit  up  the  indigestible  parts  of  their  fodd,  as 

"These  must  have  been  juveniles. 


Copy riyt  ilea  iriaiCiial 


Food       ()7 1 


previously  stated  by  1  yson  (1683,  p.  32).  1  his  is  a  mythical  idea  currently  attributed 
to  the  Gihi  monster.  It  is  true  to  the  extent  of  c»q;  shells,  whicli  are  vomited  by 
some  egi;-eatin^  snakes,  alter  they  have  been  drained  ol  iIk  ir  louii  iits;  but  this  is 
not  true  ol  rattlesnakes,  which,  like  most  siiak(  s,  digest  the  sliells. 

There  has  been  much  unceriaintv  as  to  the  rapidity  with  which  digestion  pro- 
ceeds. Beverly,  as  early  as  1722  (p.  264),  found  the  hair  already  disappearing  [rom 
a  rabbit  swallowed  18  hours  before.  A.  £.  Brown  (1881b,  p.  106)  expressed  the 
opinion  that  digestion  requires  several  weeks.  Vorhies  (1936b,  p.  104)  gives  a  figure 
of  two  or  three  weeks;  Stillwell  (1939,  j).  17)  (  siimates  the  interval  at  five  to  six 
weeks.  Most  estimates  are  considerably  shorter.  Reichert  (19>'5(),  p.  2(32)  noted  that 
the  eastern  diamond  rattlesnake  (C.  n/l/niKintcii.s)  defecated  two  to  three  days  after 
eatini;.  Wiij^ht  (1911,  p.  (}(38)  gi\es  this  interval  as  11  Ikjuis  in  the  (ase  of  one  meal 
eaten  by  a  massasauga  (.V.  c.  (utrnatus)  and  ';ti  hours  in  another.  Kaulleld  (1913b. 
p.  611)  says  tliat  most  captive  snakes  in  his  care  voided  feces  twice  per  feeding, 
which  conclusions  were  at  variance  with  those  of  Storer  and  Wilson  (1932,  p.  172), 
who  recorded  less  than  one  void  per  feeding.  Kauffeld,  observing  captive  broods 
of  klauberi  and  pried,  noted  that  defecation  usually  took  place  on  the  second  or 
third  day  after  feeding,  and  again  on  the  fifth."* 

Our  own  observations  at  the  San  Diego  Zoo  do  not  verify  the  ic,t;idariiy  suggested 
by  Kaulleld:  on  the  (ouiiary  we  have  found  gicat  individual  tlillerences  in  fre- 
quency and  inlenals.  An  adidl  l  oiluga  Island  diamond  rattler  (C.  tortii(rrrhsis) 
was  fed  15  times  in  tiie  course  of  a  year  and  only  8  of  these  meals  were  followed 
by  excretion  prior  to  the  next  meal,  2  or  3  weeks  later.  In  the  8  instances  of  excre- 
tion, from  3  to  16  days  elapsed,  with  an  average  of  9  days.  On  the  other  hand,  a 
southwestern  speckled  rattler  (C.  m.  pyrrhus),  also  an  adult,  which  was  fed  17  times 
in  a  year,  excreted  no  less  than  46  times;  only  once  were  there  no  feces  prior  to  the 
next  meal,  and  in  2  instances  there  weic  as  many  as  5.  The  average  elapsed  time  to 
the  first  excretion  ^\as  I'l-  tiays:  and,  where  tliere  were  two  or  more,  the  average 
between  the  lirsi  and  last  was  ()'■;  days. 

lilain  and  Campbell  (1912.  p.  229)  in  an  r\(rlK  iii  sei  ies  ol  X  rays  of  snakes 
tUgesting  rats — the  snakes  were  not  rattlers — ha\e  shown  in  detail  the  progress  in 
the  disintegration  and  digestion  of  the  prey  and  the  formation  of  excreta.  Diges^ 
tion  was  complete  in  somewhat  less  than  five  days. 

These  chronological  discrepancies  are  explained  by  Benedict  (1932),  in  his  ex- 
tensive studies  of  the  physiology  of  large  reptiles,  including  snakes;  for  he  has 
shown  that  the  ra})idity  of  the  digestive  process  is  so  dependent  on  the  temperature 
of  the  snake — and  tlu  rc  fori  of  its  surroimdings  and  impinging  radiation — thai 
comparative  data  on  the  lime  iinolved  aie  quite  valueless  without  a  knowledge  ol 
the  tem])iratiMi-  ( ondit ions.  Says  Iknedid: 

Digestive  aLli\it},  uiilcsii  unc  is  »iu«.l}iiig  piiiiiaiil)  ihc  digc^livc  pi uccsscs,  should  likewise 

be  avoided  in  comparative  studies  with  cold-blooded  animals.  With  these  animals  digestive 
activiiy  prrsists  for  a  much  longer  time  than  it  does  with  «\ann-bloodcd  animals,  defKnd- 

int^  ciuircly  u|><in  the  tcin|HM:itiirc  of  llit-  niviroinnnil  :in(l  itic  innpn.dmr  f)f  tlic  aiiininl 
itself  (p.  -105). . . .  In  our  cli<>csiioii  c\|>ciiiiiciil$  uilh  tlic  buas  il  waa  siiouii  ihul  the  Icnglh 
of  time  required  for  digestion  is  determined  in  lat^  part  by  the  tcinpeiature  of  the  en* 
vironment  (p.  410). 

.\  king  snake.  lia\iti;4  f.itrii  a  lanli  r,  \<iiJ(  i!  alu  r  seven  d.ns  had  fla|)st(I,  \  hc  fetes  included 
the  raUle;  llic  siiakc  liad  been  swalluwed  lieail  liisl.  t  he  teniperaiure  averaged  alxiul  73°  F. 
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Riddle  (1909.  p.  117)  lias  discusst  d  it  asonal  v;ii  ialions  in  the  nu  tabolisin  of  cold- 
blooded vcitebiatcs,  including  the  tnctis  of  liibci nation.  A  reduced  amount  of 
proteolytic  ferment  is  secreted  during  the  fastini^  pciiod  (p.  454).  Vols0e  (1944, 
p.  12)  has  reported  on  the  hibernation  of  the  European  viper.  He  considers  fat 
storage  (p.  52)  to  be  of  primary  importance  mechanically  to  round  out  the  posterior 
part  of  the  body  <  a\  ity.  rather  than  having  the  usually  stated  purpose  of  energy 
production  (hiring  hibernation. 

It  \^  nnu  li  less  usual  lo  find  tlic  remains  of  prey  in  a  rattlesnake's  stomach  than 
in  the  loi  ni  ol  feces  at  the  posterior  end  of  the  intestinal  tract.  l-Orlunatelv  for  the 
determination  of  what  constitutes  the  prey,  mannnal  hair  is  almost  unalledid,  so 
that  identification  is  not  difficult  to  a  mammalogist.  Lizard  scales  are  more  de- 
teriorated and  therefore  difficult  to  identify,  unless  there  be  but  one  or  two  species 
found  in  the  rattler's  habitat.  Sometimes  one  cannot  be  sure  whether  or  not  scales 
are  present  in  feces:  this  may  affect  the  accuracy  of  some  of  the  statistics  of  the  rela- 
tive frecjucncy  of  mammal  and  reptile  foods,  particularly  such  as  are  based  on 
scatological  data.  Feathers  arc  recoj»;ni/aljle  as  such,  aiul  the  s|)eeies  of  bird  can 
sometimes  l)c  tletermincd.  Fraser  (193()-."»7,  j).  71)  suggests  txing  a  piece  of  red 
thtcad — whidi  would  be  indigestible — to  anv  item  «;f  prey  to  determine  the  exact 
time  of  its  intake  and  excretion  by  a  rattler  in  captivity. 

The  bones  of  the  prey  are  completely  absorbed.  Teeth  are  often  found,  but  these 
are  frequently  the  rattler's  own  teeth,  including,  especially,  the  fongs.  The  latter 
are  better  protected  from  the  digestive  juices  than  other  teeth,  since  both  the  ex- 
terior and  the  iiuernal  venom  duct  aie  sIk  iihc  d  with  enamel,  whereas  ordinary 
teeth  are  attacked  and  disintegrated  \  ia  the  pidp  cavity.  It  is  possible  that  internal 
damage  may  occasionally  be  caused  h\  the  passage  of  the  fanes;  I  hler,  Cottam, 
and  Clarke  (19.'!9,  p.  612)  report  finding,  in  a  copperhead  stomadi,  a  fang  that  had 
pierced  ilic  wafi  and  caused  a  severe  irritation. 

Netting  (1932,  p.  13)  stated  that  the  teeth  of  the  mammal  prey  are  dissolved  but 
not  the  claws.  I  have  not  observed  any  claws  in  feces.  Fitch  and  Twining  (1946, 
p.  69),  from  their  studies  of  scats,  reported  that  rodent  teeth  crumble;  feathers  and 
the  bills  of  birds  are  somewhat  disintegrated  but  (an  be  identified.  Foreign  mate- 
rial is  often  ftjund.  such  as  sand.  uia\cl,  and  stic  ks.  It  is  of  interest  to  record  that 
the  rattles  of  a  rattlesnake  remain  unaffected  in  king  snake  feces. 

Water  Requhiements 

In  captivity,  when  water  is  available  in  their  cages,  most  rattlesnakes  chink  occa- 
sionally, and  no  doubt  they  do  also  in  the  wild.  It  has  been  reported — ^particularly 
of  the  timber  rattlesnakes  (C.  h.  horridus) — that  at  times  when  it  is  dry  in  their 
usual  rodcy  habitats  they  roam  down  into  the  lowlands  seeking  water.  Rattlesnakes 
drink  by  putting  their  snouts  under  water,  making  no  attempt  to  keep  the  nostrils 
out  so  they  can  bieaihe.  As  a  lattlesnake  drinks,  a  pulsating  movement  is  evident, 
particidarlv  at  the  angle  ol  the  jaw.  Fhe  water  is  forced  iinvard  by  the  o])cning 
and  closing  of  the  lower  jaw:  ho\ve\{'r.  the  mo\  t  nieni  is  slight,  ami  it  is  nec(  s^aiy 
to  ha\c  one's  eye  on  a  level  wiiii  tlie  snake's  iiead  in  order  to  see  thai  llie  mouth  is 
actually  opened  when  the  snake  is  drinking.  A  thirsty  rattlesnake  was  observed  to 
drink  steadily  for  three  minutes. 
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Rattlers  ha\c  also  been  seen  to  drink  from  wei  surfaces — i  way  of  getting  mois- 
ture from  dew  practiced  by  some  lizards. 

A  rattler  oftfn  '4fMs  iis  ^vatrr  nfF  thr  snrfacr  f)f  a  r<Kk,  from  tlcu  en  lt:i\(s.  or  tlic  rain<!rops. 
I  have  watclied  them  sip  the  moisture  from  a  wcl  board,  sucking  it  in  like  a  vacuum 
cleaner.  Marion  E.  Rose,  Pateros,  Wash. 

Bogert  (1927,  p.  298)  ncjted  that  specimens  from  tlic  Mojavc  Desert  (the  >f<)jnve 
rattlesnake,  C.  s.  smtulatiis)  would  drink  in  captivity  only  when  water  was  sj:)ra\ed 
on  tluiii  oi  the  rocks  in  their  caoc.  They  sucked  the  water  oil  the  rocks  and  some- 
times oil  tlicir  own  backs.  One  drank  in  this  way  for  15  minutes.  Hedcger  (1950, 
p.  86)  says  that  rattlers  prefer  to  suck  water  from  drops  sprinkled  on  their  own 
bodies.  Reynolds  (1952,  p.  66)  mentions  a  rattler  (probably  korridus)  that  licked 
the  drops  off  a  board.  Kauffeld  (1943b,  p.  612),  with  cage-bom  broods  of  klauberi 
and  prices  observed  that  the  latter,  particularly,  preferred  to  drink  water  trickling 
over  rocks.  I  have  watched  pricei  drink  water  caught  in  the  depressions  of  lily 
pads,  while  the  snake  was  swimming  in  a  goldfish  pond  with  water  all  about. 

The  importance  of  water  to  rattlesnakes  has  been  a  mattei-  of  some  difTerence  of 
opinion.  Probably  there  are  considerable  difiereiues  between  species,  those  accus- 
tomed to  well-watered  habitats  having  a  greater  need  than  ihe  desert  forms  Xo 
doubt  a  desert  dweller,  sucli  as  the  sidewinder,  encounters  \valer  only  on  rare 
occasions  and  therefore  must  be  largely  dependent  on  its  prey  for  its  moisture 
requirements.  As  far  as  captive  snakes  are  concerned,  much  depends  not  only  on 
the  food  supply,  but  on  the  temperature  and  humidity  at  which  they  are  kept. 

Mitchell  (1860,  p.  4;  Smith,  1882,  p.  672)  found  water  necessary  to  the  eastern 
diamondback  (C.  adarnanteus)  particularly  in  hot  weather  or  when  it  was  about 
to  shed.  Ingersoll  (1883,  j).  35)  says  that  in  dry  seasons  ratth  rs  often  look  for  water 
in  dooryards  and  houses;  while  Benton  (1915,  p.  80)  states  that  in  .Arizona  they 
come  to  water  holes  in  the  evening  to  drink  like  kittens.  It  is  more  probable  that 
they  have  found  dooryards  and  water  holes  good  hunting  grounds  for  prey.  Kalm 
(1752-53,  p.  315)  thought  timber  rattlers,  when  hungry,  frequented  the  banks  of 
brooks  to  catch  the  animals  that  came  to  drink. 

Storer  and  Wilson  (1932,  p.  170),  experimenting  with  northern  Pacific  rattle- 
snakes (C.  V.  oreganits)  in  captivity,  reported  that  these  snakes  needed  no  water 
beyond  that  secured  in  their  prey,  even  when  subject  to  the  high  summer  tempera- 
tures experienced  at  Davis,  California.  They  estimated  the  annual  liquid  intake 
of  the  snakes  at  about  equal  to  their  body  weights.  They  point  out  that  water 
evaporation  is  not  a  part  of  a  temperature-ic^ulating  mechanism  in  reptiles  as 
it  is  in  warm-blooded  animals,  thus  making  waiei  less  necessarv  to  sur\ival.  How- 
ever, although  rattlesnakes  can  survive  without  water,  their  liealtli  and  longevity 
in  capti\  ity  are  certainly  improved  if  water  is  available  when  they  wish  to  drink. 

Not  only  do  snakes  require  less  water  because  of  iu  nonuse,  normally,  for 
temperature  r^;uIation,  and  the  reduced  temperature  differences  between  the 
mimal  and  its  environment,  which  results  in  reduced  eva])oration,  but  also  because 
the  snake  has  a  spec  iai  water-conserving  mechanism  in  the  process  of  eliminating 
body  wastes,  in  tliat  the  urine  of  snakes  is  excreted  in  the  form  of  uric  acid,  a  white 
chalklike  solid  (Babcock.  1912,  p.  161).  Benedict  (19.''.2.  pp.  11  1.  '122)  has  ccmcludcd 
that  in  spite  of  this  mechanism,  some  snakes,  such  as  the  pythons  and  other  kinds 
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with  which  he  woikctl,  tlo  cxcit  tc  sonic  h(|ui(l;  ;iik1  tli.it  thcv  alsf)  lose  nioisiiirc, 
iiol  only  via  the  luii^s  in  res])ii  atioii,  hut  lliiou^li  the  ^kiii  as  wi  11.  ^h■  lound  (j).  122) 
that  there  is  an  mcieascd  cvaporalion  ol  waiei  dining  the  shedding  period,  wliich 
may  verify  the  prevalent  idea  that  shedding  snakes  seek  water.  Vols0e  (1944,  p.  69) 
believes  that  the  mechanism  whereby  the  solids  in  the  kidney  discharges  are 
separated  from  the  liquid  to  conserve  the  water,  may  be  carried  to  a  greater  perfec- 
tion in  desert  snakes  than  in  those  living  in  humid  regions."  Thus  it  may  be  that 
desert  snakes  do  not  excrete  water  to  the  extent  found  hv  Henedict  in  his  pythons 
and  oiher  ihvellers  in  lunnid  ic'i;ions.  Pio^^cit  and  Cowh  s  (11M7,  j).  concluded 
that  repiih  s  arc  ahle  to  absorb  moisture  through  the  skin  when  in  wet  sand,  or 
lose  it  in  tli)  s.ind. 

Water  is  not  only  imbibed  as  a  liquid,  or  secured  in  the  form  of  the  liquid  con- 
tents of  the  prey,  but  also  digestion  and  oxidation  produce  molecular  changes  in 
the  solids  contained  in  the  foods,  resulting  in  the  production  of  so-called  metabolic 
water  (Babcock,  1912,  p.  87;  Miller,  1932,  p.  201;  Baldwin,  1937,  p.  41).  This. 

according  t*.  I',  ibcock,  is  impoi  tant.  not  only  because  of  the  water  produced  that 
might  not  be  otherwise  obtainable,  but  !)ccnuse  metabolic  water  performs  difTcrcnt 
clienn'cal  fniu  tions  than  does  inibiln  il  water  (p.  SKi.  Some  of  the  iiiolct  ules  in  the 
food  arc  of  the  loini  C  and  when  the  carbon  has  been  buincd  by  respira- 

tion to  CO,,  which  is  exhaled  as  a  gas,  the  rest  of  the  nioleciile  remains  as  water 
(Miller,  19^J2,  p.  20 1).-'  Or,  in  some  cases,  there  may  be  a  reduction  in  the  ratio  of 
y  to  X — in  the  change  from  dextrose  to  starch,  for  example — so  that  one  or  more 
molecules  of  water  may  be  released  for  each  molecule  of  the  original  substance 
transfornied,  e\en  though  CO„  may  not  be  the  end  product  (Babcock,  p.  120).  Some 
of  the  chemical  <  li  iii  i  s  iinohid  in  metabolism  lead  to  the  oxidation  of  hydrogen 
(oniaincd  in  the  lood,  ilnou^h  respiration  of  atnu)sj)hei ic  o\y<»en,  so  the  wcioht 
of  the  nu  l.ibolit  water  produced  may  aciuallv  cxctcd  ilie  \veii;lii  of  ilu-  solids  in 
the  h)od.  Baldwin  (1937,  p.  11)  gi\es  the  following  hgiues  for  the  grams  of 
metabolic  water  produced  by  the  complete  oxidation  o£  100  grams  of  food:  Protein, 
41.3  g.;  carbohydrates,  55.5  g.;  fat,  107.1  g.  The  metabolism  of  fat  during  hiberna- 
tion produces  sufficient  metabolic  water  to  prevent  dehydration. 

To  return  to  the  rattlesnakes,  creatures  predominantly  preferring  arid  habitats, 
we  may  conclude  that  while  they  do  drink  water  when  available,  thcv  can  live  for 
lonq  periods  without  it,  and  llie  spec  ies  ilial  inhabit  deserts  probably  exist  almost 
e\chtsi\il\  on  the  moisture  coiitc-nt  of  their  prey.  lIo\\e\ei.  water  c<>nser\ation  is 
of  great  iiiij)ortaiu e,  and  it  is  probable  that  this  induces  noctiunality  in  desert 
snakes  even  at  limes  when  diurnal  temperatures  are  below  the  lethal  level,  lor  the 
humidity  in  their  subterranean  retreats  is  higher  than  on  the  surface.  Schmidt- 
Nielsen  and  Schmidt-Nielsen  (1949,  p.  183;  1950,  p.  75)  have  pointed  out  that  this 
humidity  is  important  in  determining  whether  the  generation  of  metabolic  water 
in\()l\c  s  a  net  gain  or  loss,  for  the  loss  through  respiration  may  exc  eed  the  gain. 

Rattlesnakes  in  captivity  will  almost  never  drink  milk,  e\en  though  water  be 
denied  them,  thus  exploding  a  myth  that  has  long  been  current  (see  p.  1257). 

■"Some  cIcscTt  inanini.ils  have  improved  ivaier-consiening  excretor)'  processes,  compared  with 
dwellers  in  inoic  luimul  regions  (Schmidt-N'ielsen  and  .Schmidt-Nielsen,  IQ-lf*.  p.  182). 

-'\'(>iliies  i  l'JI'i,  j).  I'd  Ii.iv  sliow  ii  iluit  ilic  h.iiiiu  i  lailt-il  k;iiii;.ir«JO  rat  {Dij)odotn\s  spri  !(tbi!is\ 
lives  largely  uii  aii  iiricd  tuuds,  partaking  ol  succulents  less  ihan  otlicr  small  desert  mammals,  and 
hence  is  largely  dei>eiident  un  metabolic  water.  It  rarely  has  access  to  amial  water  to  drink.  The 
important  point  is  that  it  seldom  resorts  to  succulents  for  its  moisture  supply  even  though  they 
are  readily  available. 
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FEEDING  RATTLESNAKES  IN  CAPTIVITY 

'J  he  footl  n  to  i attlt  snakt  s  in  captiNiiN  is  likely  lo  yield  more  inlorniation  on 
their  mcLhods  ol  killing  and  bwailowmg  piey,  and  on  the  frequency  with  which 
they  eat,  than  on  the  kind  of  prey  taken  under  natural  conditkms.  It  is  impossible 
to  offer  all  of  the  species  of  prey  occurring  in  a  snake's  natural  habitat,  and  there- 
fore stomach-content  studies  of  wild  snakes  yield  better  data  than  observations  on 
captives,  which  do  not  show  any  great  discrimination  as  to  the  prey  they  will 
accept  when  hungry.  This  may  be  of  specie  s  markedly  different  from  anythii^ 
available  in  their  n:iti\c  haunts.  Rattlers  do,  however,  discriminate  between  ani- 
mals as  diliereiu  as  rats  and  toads. 

The  rcjjtile  department  of  the  San  Diej^o  Zoo  began  operatifjns  in  1922.  We 
knew  ncjilung  then  oi  the  feeding  ol  snakes  in  tapiivity;  and  suth  lurther  liandieaps 
as  the  ladt  of  an  adequate  food  supply,  together  with  the  unfavorable  conditions 
under  which  the  snakes  were  kept,  made  for  short-lived  exhibits,  even  after  we 
adopted  suggestions  courteously  given  by  older  institutions.  With  the  completion 
of  a  new  reptile  house,  and,  more  particularly,  after  the  advent  of  C.  B.  Perkins  to 
take  charge,  there  was  a  (omplete  reversal  of  conditions.  By  the  exercise  of  intelli- 
gence and  patience  lie  has  achieved  residts  in  breeding  and  raising  snakes  in 
captivity,  and  in  longe\ity  records,  ol  which  our  local  institution  is  deservedly 
proud,  it  is  upon  .\lr.  Perkins'  observations  and  results  that  the  following  notes 
are  largely  based. 

Rattlesnakes  are  nervous  creatures,  and  are  thus  among  the  most  difficult  of 
snakes  to  feed  successfully.  There  are  both  species  and  individual  differences  in 
their  readiness  to  accept  food;  there  are  even  differences  between  the  members  of 
a  single  brood.  In  such  institutions  as  zoos,  which  usually  have  available  many 

more  snakes  than  can  be  exhibited  because  of  space  linntations,  there  is  a  natural 
tendency  to  eliminate  the  fmical  feeders  in  fa\or  of  those  that  will  eat  readily; 
the  attendants  have  little  time  to  waste  on  such  lastidious  tenants,  ^vhose  |)oor 
condition  tluough  lack  of  food  soon  betomcs  evident.  Only  the  rarest,  irrejjlaceable 
species  are  retained  if  they  fail  to  cat.  But  a  regular  feeder  becomes  a  valued  pos- 
session, since  a  good  exhibit  is  thereby  assured  over  a  long  period. 

Even  the  rattlesnakes  that  eventually  become  regular  feeders  do  not  always 
accept  food  immediately  after  they  have  become  accustomed  to  their  cages.  Among 
17  rattlesnakes  of  12  different  subspecies,  tlie  length  of  captivitv  up  to  the  time 
food  was  first  accepted  varied  from  3  to  M)0  days,  the  several  peiiods  being  as 
follows:  3,  -1,  5,  6(2),  7,  11,  11,  Hi.  27,  17,  (.3,  78.  103,  100,  220.  and  3(iO  days.  With 
exercise  of  patience  and  with  proper  conditions,  espetially  of  temperature,  prob- 
ably 80  pcv  cent  or  mure  of  captive  rattlesnakes  will  e\cntually  become  regular 

feeders. 

Effects  of  Conditions  of  Captivity 

Rattlesnakes  will  feed  more  readily  in  fairly  ]ai<;<  <         say  with  a  floor  area  of 

foin  hy  four  feet — than  when  more  confined,  although  at  the  San  Diego  Zoo  many 
of  the  specimens  retained  for  study,  rather  than  for  exhibition,  eat  readily  and 
thrive  in  cages  only  one  and  a  half  by  two  feet.  But  crowding  is  to  be  avoided,  since. 
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if  the  snakes  are  really  hungry  and  in  the  mood  to  feed,  il  is  difi&cult  to  see  that 
each  gets  its  share  if  they  can  interfere  with  each  other. 

'l  eniperatiire  conditions  arc  espc(iall\  important.  At  too  low  a  temperatnre  a 
snake  is  usually  too  lethargic  to  feed,  and  even  if  it  does,  will  have  difficulty  in 
digesting  the  prey.  Dugcs  (1879,  p.  15)  observed  that  at  yO"  F.  or  below  rattlers  that 
had  fed  would  throw  up  half-digested  food  they  had  eaten  about  15  days  before. 
Too  high  a  temperature  causes  discomfort  and  nervousness.  Probably  a  range  of  77 
to  85**  F.  is  best,  with  an  optimum  for  most  species  at  about  80^  F.  This  is  the 
temperature  at  which  the  cages  are  maintained  at  San  Diego. 

Although  a  certain  degree  of  stimulation,  such  as  waving  the  prey  before  the 
snake,  may  be  effective  in  causing  it  to  sc'ue  the  food,  too  much  excitement, 
especially  of  an  nnaccusiomed  nature,  may  have  an  adverse  result,  frightening  it 
into  refusal.  Although  some  rattlesnakes  will  feed  readily  enough  in  the  exhibition 
cages,  others  are  disturbed  by  the  people  crowding  up  to  the  window,  for  which 
reason  a  blind  is  generally  placed  over  the  glass  when  they  are  fed;  this  also  avoids 
complaints  from  the  tenderhearted,  even  though  the  snakes  are  not  offered  live 
prey. 

D£AOFOOD 

The  feeding  of  dead  jney  to  rattlesnakes  does  not  oder  any  particular  difficulty  and 
has  many  advantages,  from  the  standpoint  both  of  the  availability  of  food  and  of 
the  safety  of  the  snakes.  Rattlesnakes  are  occasionally  found  eating  carrion  in  the 
wild  so  that  the  use  of  dead  prey  is  not  entirely  unnatural.  It  has  been  the  experi- 
ence of  Mr.  Perkins  that  rattlesnakes  which  will  feed  at  all,  will  almost  as  readily 
accept  dead  food  as  live.  In  one  or  two  instances  individuals  had  to  be  started  on 
live  food,  but  later  became  accustomed  to  eating  dead  prey.  According  to  Kauffeld 
(1953,  p.  ISO)  captive  snakes,  accustomed  to  dead  prey,  may  thereafter  refuse  live 
prey. 

When  rattlesnakes  are  fed  dead  prey,  it  is  much  easier  to  see  to  it  that,  in  their 
excitement,  they  do  not  strike  the  wall  of  the  cage  or  each  other.  The  danger  that 

a  snake  may  be  bitten  by  the  prey  is  avoided.  With  dead  prey  it  is  a  relatively 
simple  matter  to  be  sure  that  each  rattler  gets  its  share,  and  this  without  interfering 
with  its  cage-mates.  Even  so,  the  attendant  must  be  on  the  alert  to  see  that  one 
^nake  does  not  take  hold  of  a  mouse  that  another  has  started  tf>  swallow,  for  if 

this  happens  one  of  the  contenders  will  continue  blindly  swallowing  until  it  has 
engulfed  the  other,  sometimes  with  fatal  results  to  itself  because  the  meal  is  too 
large  to  be  digested.  At  the  San  Diego  Zoo  we  have  had  many  experiences  with 
rattlers  that  have  tried  to  swallow  the  same  prey  simultaneously,  and  in  one 
instance  the  danger  was  not  noticed  in  time  to  prevent  a  tragedy.  In  this  case  one 
massasauga  (5.  c.  catenatus)  ate  another.  Although  forced  to  disgorge  the  meal 
almost  immediately,  the  swallowed  snake  died  on  the  following  day,  and  the 
swallower  two  Aveeks  later.  Other  instances  of  this  sort  of  cannibalism  have  been 
mentioned  under  reptiles  as  food  (p.  01 6). 

Bud  Hathcock,  then  of  Oklahoma  City,  thu^  describes  such  an  occurrence: 

We  had  to  separate  two  tattlers  yesterday.  Both  took  hold  of  tiie  same  bird,  and  when  the 
heads  came  together,  the  larger  naturally  started  swallowing  the  smaller. 
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Occasionally  the  dead  prey  is  held  with  a  forceps  and  waved  before  atatUesnakc 
to  attiact  its  attention  and  instill  interest,  but  more  often  to  aid  in  proper  prey 
distribution  among  the  several  inmates  of  a  raoc.  I  he  feeding  ol  dead  prey  to 
rattlesnakes  is  sometimes  used  as  the  l>asis  of  a  siiatagem  to  increase  ilie  fotnl 
supply  through  the  addition  o£  substances  the  snake  would  not  ordinarily  cat. 
This  is  desirable,  as  small  mammals  are  often  difficult  to  obtain.  Some  zoo-keepers 
stuff  meat  scraps  into  the  dead  rodents  before  offering  them  to  the  snakes.  Dugis 
(187d»  p.  15)  tied  strips  of  meat  to  the  tails  of  his  rats.  Kauffeld  (1935a,  p.  129)  used 
the  schemes  of  putting  strips  of  beef  heart  in  a  mouse  cage  to  acquire  the  mouse 
smell  or  of  dipping  the  beef  in  lat  hair. 

The  following  are  some  references  to  feeding  dead  animals  to  rattlesnakes: 
Beauvois  (1799,  p.  367),  Dugcs  (1879,  p.  1')).  Miuhell  and  Poeotk  (1908,  p.  792), 
Hurter  (1911,  p.  2H),  Ruthling  (1916.  p.  27),  LeRay  (1930,  p.  203).  KaufTcld  (1943b, 
p.  609),  Fautin  (1916,  p.  291),  Loewen  (1917,  p.  53).  and  Kauffeld  (1953a,  p.  129). 
Several  of  these  authors  mention  the  taking  of  the  food  even  after  putrefaction 
had  set  in. 

Methods  of  Feeding 

A  rattlesnake  that  is  accustomed  to  captivity  and  is  anxious  for  food  is  quite  a 
diflFerent  creature  fiom  the  inert  and  lethaigic  snakes  usually  seen  lying  about  a 
cage.  He  Avill  (omc  eageilv  to  the  cage  door  when  it  is  opened,  and  with  raised 
head  and  darting  tongue  ninnifest  a  livelv  expectation.  He  will  (juicklv  sci/e  the 
prey  held  before  him  with  a  pan  ol  forceps  and  retire  to  a  corner  to  swallow  it. 
At  such  a  time  rattlers  seem  to  have  at  least  some  of  the  alert  intelligence  with 
which  they  are  credited  in  the  popular  mind.  They  even  learn  to  distii^ish 
between  attendants,  or  probably  Uie  routine  that  they  follow,  showing  more 
interest  when  the  one  who  usually  feeds  them  opens  the  door.  In  order  to  reduce 
the  excitement  when  a  cage  is  opened  for  cleaning  rather  than  for  feeding,  the 
snakes  arc  allowed  to  smell  the  sliovel  used  for  the  purpose.  They  soon  learn  to 
rccogni/e  this  and  retire  quietly  to  their  corncis  as  soon  as  ihcy  ha\e  sensed  its 
presence.  Falck  (1940,  p.  135),  who  kept  a  mottled  rock  ratilesnake  (C  /.  lepidus) 
in  captivity  for  14  months,  has  commented  on  the  lively  attention  manifested 
when  food  was  introduced  into  the  cage,  even  though  it  might  not  be  eaten. 

When  there  are  several  rattlesnakes  together  in  a  cage,  even  though  they  are 
fed  dead  rats  or  mice  that  are  presented  to  them  individually  with  a  pair  of  forceps, 
great  care  is  necessary  to  prevent  their  striking  each  other.  Such  strikes  are  caused 
by  excitement  and  primarily  result  from  a  desire  to  seize  the  food,  rather  than 
any  wish  to  inflict  injury  on  each  other.  Althougli  rattlesnakes  are  virtually  im- 
mune to  their  own  or  another  rattler's  venom,  a  fatality  quickly  follows  should  a 
fang  accidentally  penetrate  the  brain,  spinal  cord,  or  a  vital  organ  of  a  cage  mate. 

It  is  seldom  necessary  or  efficacious  to  leave  the  prey  in  the  cage  for  more  than 
an  hour  or  so;  if  it  is  not  accepted  at  once  it  seldom  will  be  later.  However,  with 
some  individuals,  leaving  the  food  overnight  has  proved  effective,  for  most  rattle- 
snakes are  nocturnal,  particularly  in  summer.  Sidewinders  (C.  cerastes),  the  most 
consistently  nocturnal  of  all  rattlers,  seem  to  show  a  preference  for  night  feeding 
in  captivity. 
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I.owc  (1913,  p.  58;  Allen  and  Xcill,  lOjOd,  p.  8)  has  siii;,i;csicd  a  method  by 
which  some  reluctant  rattlers  ean  be  indtucd  to  eat.  A  small  box,  willi  an  entrance 
hole  adjusted  to  the  size  of  the  snake,  is  placed  in  the  cage,  and  a  stunned  or  dead 
mouse  is  put  in  the  box.  Also  odorous  mouse-nesting  material  is  placed  at  the 
entrance  to  the  box.  Thus  the  stage  is  set  to  excite  a  rattler  accustomed  to  hunting 
prey  in  holes,  and  the  rattler  will  usually  crawl  in  and  eat.  Hediger  (1950,  p.  136) 
has  siigocsted  stinuiiating  rattlers  to  cat  by  giving  them  solutions  of  grape  sugar, 
which  he  says  they  will  lick  off  the  end  of  a  blunt  tube;  also,  he  advocates  injections 
of  insulin.  Artificial  stimuli  of  this  nature  have  been  found  unnecessary  at  San 
Diego. 

Every  beginner  must  be  cautioned  never  to  leave  a  live  rat  overnight  in  a  cage 
with  a  rattlesnake,  unless  there  be  plenty  of  food  available  for  the  rat,  for  other- 
wise the  rat  will  kill  or  injure  the  snake.  Many  an  amateur  has  been  surprised 
next  morning  to  find  his  rattlesnake  minus  a  part  of  its  head  or  tail;  for  a  hungry 
rat  will  get  food  at  any  risk,  and  a  rattlesnake,  unless  hungry  and  alert  itself,  seems 
no  match  for  so  active  and  intelligent  a  creature.  We  have  had  experiences  wherein 
rats  ate  the  tails  of  otherwise  uninjincd  rattlers,  indicating  that  the  rattler  was 
without  suflu  ic  nl  leeling  or  energy  to  jnotec  t  itself.  Experienres  of  the  same  char- 
acter are  inentioned  by  many  authors  (see  p.  1017).  I  his  is  a  matter  of  (ommon- 
place  knowledge  among  all  expei  ienced  reptile-keepers.  \\  hen  rattlesnakes  are  kept 
in  large  outdoor  pits,  instead  of  cages,  and  there  are  holes  or  rock  crevices  in  which 
both  snakes  and  prey  may  hide,  it  is  often  satisfactory  to  leave  the  prey  alive,  but 
food  for  the  rodents  must  be  provided  or  the  snakes  will  be  eaten. 

Forced  feeding  of  captive  rattlesnakes  is  not  recommended;  it  is  a  dangerous  and 
seldom-successfid  procedure  that  should  be  resorted  to  only  in  the  case  of  some 
rare  specimen  that  cannot  be  replaced.  \Vhcn  forced  feedincj  is  rmplov( d,  it  is 

tuslomary  t(J  push  sr\i-ial  iiii<i'  down  :i  siiaki  's  tliroat  ]>\  niountiin^  tlit'in  on  a  tliin 

skewer  or  splint.  1  he  hrst  mouse  is  fixed  to  the  end  of  the  skewer  so  as  to  cover  the 
point,  thus  preventing  injury  to  the  snake;  the  rest  are  threaded  on  the  stick 
behind,  like  chickens  on  a  spit.  Once  they  are  down,  the  rattler's  neck  is  con- 
stricted with  the  fingers  and  the  skewer  withdrawn.  Often  the  snake  will  regurgitate 
the  food.  An  attempt  to  prevent  this  by  the  application  of  some  form  of  tourniquet 
about  the  snake's  neck  is  seldom  successful;  or  it  may  be  too  eilicient  and  kill  the 
snake.  Sometimes  a  tattler  Tiiav  be  brought  through  an  ilhu  ss  l)v  the  administration 
of  an  egg-milk  batter  with  a  syringe,  a  type  of  forced  feeding  possibly  justified. 

Frequency  of  Feeding 

At  the  San  Diego  Zoo  young  rattlers  are  fed  once  a  week  for  their  first  year,  grown 
snakes  every  two  weeks.  If  a  young  snake,  when  changed  to  a  biweekly  diet,  becomes 
thin,  it  is  put  back  on  a  weekly  schedule.  Old  snakes  that  have  become  very  fat, 
as  they  sometimes  do,  are  fed  e\  cry  fotn  weeks.  The  standard  meal  comprises  one 
mou^<  or  rat  of  suitable  si/e,  s()  selected  as  not  to  $tret(  h  the  snake's  mouth  unduly. 
Ne\\  l\  l>orn  mire  are  fed  to  the  smallest  sn.ikes,  and  the  largest  ratlleis  are  given 
the  biggest  rats  a\ailal)le.  lor  feeding  j)urposes,  a  mouse-rat  farm,  comjirising 
albino  mice  and  rats,  such  as  are  raised  extensively  for  laboratory  use,  is  maintained. 

Snakes  born  at  the  zoo  are  fed  after  their  first  shedding,  which  is  usually  from 
5  to  10  days  after  birth.  Adult  rattlers,  fresh  from  their  wild  habitats,  are  tempted 
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with  food  from  2  to  20  days  after  establishment  in  their  permanent  cages,  the  time 
dcpcndint,'  on  the  degree  of  nei  \oiisncss  shou  ti  hv  the  snakes.  Failure  to  take  food 
the  first  time  is  never  accepted  as  final.  Ihe  use  ot  dead  iood  is  tiie  rule,  as 
already  mentioned. 

7  he  following  data  on  seven  adult  snakes  will  serve  to  indicate  the  avera^ 
frequency  with  which  food  was  accepted  when  the  snakes  had  become  regular 
feeders:  A  western  diamond  rattler  (C.  atrox)  was  received  on  November  14, 19S6, 
and  first  ate  five  days  later.  From  then  until  its  death  on  September  8,  1947,  it  fed 

145  times,  or  an  average  of  once  every  27.2  days. 

.'\  red  diamond  rattlesnake  (C  r.  ruhrr)  was  received  as  a  juvenile  in  August, 
1936.  Il  did  not  leed  until  January  (>.  19:\1.  From  then  until  July  3,  191(3,  the  last 
meal  liefore  it>  death  on  Sepiembcr  27,  1916,  it  fed  195  times,  or  once  e\t  iv  12.7 
days  on  the  average.  This  was  a  female;  it  mated  February  2,  1942,  and  gave  birth 
to  young  August  1 1,  1942.  During  this  period  of  pregnancy  it  fed  11  times,  the  last 
time  15  days  before  the  young  were  born.  It  resumed  feeding  13  days  after  their 
birth. 

A  prairie  rattlesnake  (C.  t'.  viridis)  received  November  21,  1938,  first  accepted 
food  on  January  9.  From  then  until  July  6,  1954 — it  was  still  living — it  fed  249 
times,  an  average  of  once  every  22.9  days. 

A  southern  l*aci(ic  rattlesnake  (C  r.  hellrri)  was  received  March  9.  1937.  It  shed 
on  May  16,  and  led  on  June  22.  .After  that  it  ate  288  times,  up  to  July  G,  1951,  at 
which  time  it  was  still  alive.  The  average  feeding  interval  was  22.0  days. 

A  southwestern  speckled  rattlesnake  (C.  m.  pyrrhus)  was  received  December  4, 
1939,  and  fed  a  week  later.  Subsequently,  to  the  time  of  its  death  on  September  4, 
1951,  it  fed  195  times,  the  average  feeding  interval  being  25.8  days.  Through  an 
error  in  keeping  records,  this  snake  was  o\  ei  looked  and  was  not  fed  for  an  interval 
of  8  months.  I  his  was  3  years  before  its  tleath,  for  it  resumed  feeding  without  any 
harm  being  apparent.  1£  we  allow  for  this  gap,  the  feeding  interval  is  reduced  to 
24.5  days. 

A  timber  rattlesnake  (C.  h.  horndiii)  in  capii\  ity  for  I5'-!  years  was  fed  at  average 
intervals  of  21.7  days;  another  that  lived  11  years  averaged  20.4  days  between 
feedings.  Both  of  these  individuals,  because  they  became  obese,  were  only  fed 
monthly  during  their  final  S  or  4  years.  Undoubtedly  they  would  have  eaten  oftener 
had  the  food  been  offered  them. 

Quantitatively,  these  frcquenc  i(  s  work  out  as  follows:  On  the  average,  an  adult 
rattler  about  1  meter  (3  feet  3  inches)  long,  and  weighing  about  500  grams  (1.1 
pounds),  is  led  a  rat  weighing  some  125  giams  ('«  pound)  e\ery  20  days.  Hence 
there  arc  about  18  feedings  per  year,  so  that  these  captive  snakes  eat  about  4',-;  times 
their  own  weight  per  annum,  and  remain  active  and  healthy  on  such  a  diet.  This 
may  be  compared  with  the  figure  given  by  Fitch  (1949a,  p.  550)  of  a  food  require- 
ment of  twice  the  body  weight  for  northern  Pacific  rattlesnakes  in  the  wild,  with  a 
seven-month  active  season. 

Seasonal  Eh  r.crrs 

In  the  case  of  captive  snakes,  shedding  does  not  seem  to  inteifere  seriouslv  with 
the  feeding  schedule.  Rattlesnakes  ha\e  been  observed  to  eai  within  two  days  of 
shedding,  and  also  one  day  after,  borne  will  cat  when  the  eyes  are  scmiopaque— the 
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so-called  "blue-eyed"  stage  that  ends  about  two  days  before  the  shedtlin^.  Thus,  the 
widespread  notion  that  snakes  will  not  cat  during  the  shedding  period  is  not 
borne  out  bv  observations  of  captive  snakes,  allhougli  in  tlie  wild,  for  j>rotecti(jn, 
they  probably  do  not  roam  abroad  while  "bluc-cycd."  After  a  snake  has  been 
fully  surfeited  with  food  it  prefers  to  lie  quietly  in  one  corner  of  the  cage. 

The  snakes  at  the  San  Diego  Zoo  are  kept  warm  throughout  the  wintor  and 
consequently  remain  gctive,  without  an  interval  of  hibernation  such  as  they  would 
experience  in  a  natural  habitat.  They  accept  food  as  readUy  in  the  winter  as  in  the 
spring  or  summer.  Mr.  Perkins  advises  me  that  occasionally  one  of  his  rattlesnakes 
has  refused  to  eat  during  the  winter  months.  This  was  the  case  with  the  western 
diamond  rattler  mentioned  abo\e,  whidi  twice  failed  to  eat  through  a  winter. 
Loewen  (1917,  p.  53)  had  a  similar  experience  with  a  rnassasauga  (i'.  cntenatus) 
that  he  kept  for  nearly  M  yeais.  Duges  (1879,  p.  15)  repoitcd  that  his  captive 
rattlers  would  not  eat  in  winter  or  when  shedding.  But,  at  San  Diego,  captive 
rattlers,  kept  at  a  substantially  constant  temperature  through  the  year,  usually 
show  no  annual  rhythm  in  feeding  or  metabolism. 

Experience  at  San  Diego  with  adult  rattlesnakes  indicates  that  an  offer  of  food 
every  two  weeks,  with  occasional  refusals  bringing  the  average  feeding  interval 
up  to  20  to  24  days,  is  adequate  to  keep  them  in  good  condition.  AVell  fed  captive 
snakes  become  quite  fat.  'I  he  fat  is  not  periodically  consumed  in  a  long  hibernation 
as  is  the  case  with  snakes  in  the  wild,  and  probably  they  exercise  less,  since  they 
have  no  need  to  search  for  food.  In  the  case  of  obese  rattlesnakes,  the  feeding 
periods  are  lengiliened  to  three  or  four  weeks,  for  it  is  believed  that  more  frequent 
meals  would  actually  be  detrimental.  At  the  other  extreme  are  the  rapidly  growing 
youngsters,  which  require  a  weekly  feeding  schedule. 

iNDIVmUAL  AND  Sp£C1£S  DIFFERENCES 

Some  young  in  a  brood  will  eat  readily,  whereas  others  refuse,  for  reasons  that  are 
not  apparent.  This  has  been  found  true  at  San  Diego  of  a  number  of  broods  of 
several  tlifferent  species.  KaufTeld  (1913b,  p.  Gl  1)  reports  that  one  of  each  of  broods 
of  the  Arizona  twin  spotted  rattlesnake  {C.  />.  /?nrc/)and  the  banded  rock  rattlesnake 
(C.  /.  hlnuberi)  would  not  eat,  while  the  rest  did. 

At  San  Diego,  we  have  found  some  species  differences  among  adult  snakes. 
Spedded  rattlesnakes  (C.  mitchellt)  and  sidewinders  (C.  cerastes)  feed  less  readily 
than  other  species.  This  does  not  seem  to  be  a  matter  of  nervousness.  Some  snakes 
that  manifest  nervousness  for  months,  or  even  years,  by  rattling  whenever  their 
cage  is  opened,  eat  as  readily  as  those  that  have  become  quite  tame. 

Once  a  rattlesnake  has  become  accustcmied  to  feed  in  captivity,  so  that  it  shows 
expectation  and  interest  when  a  cage  is  opened,  it  will  cat  almost  any  kind  of  small 
mnminal  oi  l)ir(l.  Mice  and  rats  are  used  ai  i!ie  San  Diego  /.oo  because  tliev  are  the 
easiest  to  raise.  Kattlesnakes  in  capiniiy  will  eat  white  rodents  as  readily  as  they 
do  the  gray  or  brown  creatures  upon  which  they  prey  in  the  wild.  In  fact,  at  the 
zoo,  we  have  tried  them  on  mice  artificially  colored  blue,  green,  yellow,  or  red, 
without  any  evidence  that  the  color  was  noticed.  At  times  of  a  shortage  of  rodents, 
defecti\  e  baby  chickens  from  the  commercial  hatcheries  have  been  substituted  with 
success.  Almost  any  snake  arr  ustomed  to  feed  on  rats  will  eat  chickens,  although 
in  one  case — tliis  was  before  dead  food  became  the  practice — a  cage  of  prairie 
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rattlcsnnkcs  showed  fear  of  the  baby  chicks,  and  would  not  go  near  tlicm  until 
ihcy  had  first  been  killed.  Li/ards  comprise  a  good  food  supply  for  small  rattle- 
snakes, but  they  are  seldom  available  when  nee<ied.  Kauffeld  (1945b,  p.  609)  solved 
this  problem  by  keeping  a  surplus  frozen  in  a  refrigerator. 

Reactions  of  Prey 

Much  has  been  written  about  the  intense  fear  shown  by  any  animal  that  may  be 
put  in  a  cage  with  one  or  more  live  rattlesnakes.  Our  San  Diego  observations  have 
been  quite  tlu  k  \erse.  Before  we  learned  the  advantage  of  feeding  with  dead 
animals,  or  louml  that  patience  and  n  pi()|)er  cage  temperature  were  more  im- 
portant than  the  simulation  of  conditions  met  in  the  wild,  we  were  .u customed  to 
placi-  live  crcatuics  iu  the  cages,  including  lals,  mice,  labbits,  hiicls,  voung 
cine  kens,  anil  li/ards.  None  of  these  showed  any  fear  of  tiie  snakes,  ludess  alaimed 
by  some  sudden  movement  of  a  rattler  or  the  buzz  of  a  rattle,  should  some  snake 
be  frightened  into  sounding  off.  On  the  contrary,  they  ran  or  hopped  una>n- 
cernedly  around  or  on  the  snakes,  much  more  worried  by  their  new  surroundings 
than  by  the  strange  (o occupants  of  the  cages.  Similar  experiences  are  mentioned 
by  \V.  (1 8 16,  p.  63),  Audubon  and  Racliraan  (1854,  vol.  1,  p.  60),  Duges  (1879,  p.  16), 
and  Coahoma  (1902,  p.  263).  The  latter  saw  a  rnttler  about  to  strike  a  chicken. 
The  chicken  pecked  the  snake  on  the  nose,  wlu  n  upon  it  withdrew  and  left  the 
chicken  victorious.  Col.  M.  I..  Ctinuuins  obseivcci  that  biids  lepeatedly  lit  on  the 
backs  of  captive  snakes  and  paid  no  more  attention  to  them  than  i£  they  had  been 
inanimate  objects. 

Stem  (1871,  p.  557)  reported  that  a  rattler  in  captivity  would  play  with  a  mouse 
for  several  hours  before  destroying  it.  This  is  a  fantastic  idea;  unless  a  rattler  has 
an  immediate  interest  in  feeding,  or  is  afraid  of  a  mammal  or  bird,  he  will  ignore  it. 

I-ONt;  Fasts 

It  is  wt  ll  knovv  n  that  l  aitic  snakes  can  live  for  long  periotls  in  cajotiv  itv  -(vithnut  iood 
of  anv  kinil.  I  lu  \  v\  ill  la--[  loiigc  i  il  ihev  have  water  to  drink:  also  they  will  survive 
longer  in  humid  than  undei  dry  conditions,  and  at  low  temperatures  rather  than 
high,  for  under  such  circumstances  life  processes  are  slowed  down  and  tissue  and 
fat  consumption  are  reduced. 

As  early  as  1615,  Hemdndez  (foL  192^  reported  that  rattlers  could  live  a  year 
without  food  or  water,  and  tliis  statement  was  repeated  in  sid)sc(]uent  natural  his- 
tories (e.g.,  Nieremberg,  1635,  p.  269;  Jonstonus,  1653,  p.  27).  Audubon  ( 1 S27,  p.  29) 
mentions  a  specimen  that  lived  three  vcars  in  captiv  iiv  ,  refusing  all  food  ofTci  ed  it. 
'Willis  record  is  to  he  considcicd  doubtful,  as  Aiulubon  was  both  tiedulous  and 
unreliable  in  the  snake  realm.  Mat  Ian  (1835,  p.  133)  mentions  two  timber  rattle- 
snakes that  lived  two  years  at  the  Philadelphia  Museum  without  food,  and  Traill 
(in  Schlegel,  1843,  p.  lUU)  knew  of  two  that  lived  18  months.  Seeman  (1853,  vol.  1, 
p.  1 19)  tells  of  a  Coronado  Island  caliginis  that  survived  eight  months  in  a  glass 
jar.  Dumeril  (1851,  p.  2.'')3:  see  also  IMl  grin,  1902a,  p.  164;  1902b,  p.  244;  and 
Flower,  1925,  p.  977)  mentions  a  rattler  in  the  Museum  d'Histoire  Naturelle  in 
Paris  that  lasted  for  22  nu)nths,  after  which  it  fed  regularly  for  10  years.  Stradling 
(1881,  p.  1  18)  tells  of  a  rattler  thai  lived  a  year  and  1 1  months  after  its  last  meal. 
A.  M.  Jackley  advised  me  that  he  experimented  with  several  niedium-si/.ed  prairie 
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rattlesnakes.  The  first  one  died  at  15  months;  the  rest  lasted  about  16  months — 

one  somewhat  longci". 

At  the  Sail  DicLjo  /oo,  C.  R.  Perkins  liad  rattlesnakes,  which  refused  £ood  but 
drank  water,  that  aiiainecl  the  ioliowing  longevity  records; 


La&iern  diamond  {C.  adamanteus)   16  months,  5  days 

Western  diamond  (C.  atrox)   16  months,  8  days 

Red  diamond  (C.  r.  ruber)   16  months,  10  days 

Great  Basin  (C.  T'. /w^OiMs)  ,   10  months,  7  davs 

Southern  Pacific  (C.  v.  helleri)   15  montlis,  8  days 

Southwestern  spedcled  (C.  m. /7rr/iu£)                                        .  16  months,  12  days 

Eastern  massasauga  (S.  c.  catenatus)   2S  months,  4  days 


Tlicse  snakes  were  kept  at  the  reptile  house  tempeiatiue  ol  about  80°  V.  There 
is  little  doubt  that  under  the  more  favorable  conditions  ol  a  lower  tenipcratme 
some  individuals  would  survive  for  two  years;  and  most  specimens,  if  starting  in 
good  condition,  would  have  no  difficulty  in  fasting  for  one  year.  Of  course,  after  a 
snake  has  refused  food  for  a  long  time  there  is  little  chance  that  he  will  become  a 
natural  feeder,  yet  Perkins  had  a  western  diamond  that,  after  a  year  of  refusal, 
suddenly  seized  a  rat  intended  for  a  ca^mate.  After  this  it  ate  regularly.  Wright 
reports  a  massasauga  (S.  c.  catcnatus)  that  ate  for  the  first  time  lOVj  months  after  it 
was  captured.  Dunu'ril's  rattler  bceame  a  feeder  after  a  fast  of  22  months.  Tt  has 
been  thought  by  some  that  venom  secretion  ceases  during  a  Ion«^  fast,  but  Dnges 
(1879,  p.  18)  saw  a  rat  struck  and  killed  by  a  captive  rattlesnake  that  had  fasted  for 
six  months. 

Feeding  Experiences 

A  number  of  articles  containing  valuable  data  on  the  food  consumption  of  rattlers 
in  captivity  have  appeared.  Storer  and  Wilson  (19S2.  p.  169)  have  presented  data 
on  three  northern  Pacific  rattlesnakes  (C.  v.  oreganus).  Live  rats  comprised  the 
food  offeretl:  they  were  sometimes  stnuk  but  not  eaten,  particularly  if  the  snakes 
were  distiuhed.  The  snakes  ate  more  readily  in  the  spring  and  summer  than  in 
autumn;  they  Avere  not  offered  food  in  winter. 

Thomas  (1934,  p.  32)  found  that  northern  Pacific  rattlers  fed  readily  in  captivity. 
He  gave  them  gophers,  mice,  and  small  ground  squirrels.  One  ate  a  mouse  and 
gopher  one  mornings  a  gopher  two  days  later,  and  was  still  hungry.  Vorhies  (1936b, 
p.  104)  found  that  two  good  meals  might  suffice  a  rattlesnake  for  a  year;  however, 
the  {>eriod  of  observation  was  hardly  loi^  enough  to  prove  whether  health  ^vould 
have  been  retained  over  a  long  period  without  more  frequent  feeding.  Bryan  (1939, 
p.  51)  recommended  feeding  once  a  week,  but  onlv  when  temjXTatiites  are  adequate 
for  digestion.  In  his  experience,  rattlesnakes  seldom  siu  vived  forced  fecdins,.  Fautin 
(194G,  p.  294)  fed  Great  Basin  rattlers  (C.  v.  lutosus)  a  kangaroo  rat  every  two  or 
three  days.  Kunze  gave  a  captive  timber  rattler  40  mice  in  8  months;  it  was  never 
given  more  than  two  at  a  meal. 

Falck  (1940,  p.  135)  has  reported  on  the  feeding  of  a  mottled  rode  rattlesnake 
(C.  /.  lepidus)  while  in  captivity  for  14  months.  This  snake  showed  a  decided 
interest  when  food  was  offered.  It  was  fed  salamanders,  frogs,  white-footed  mice, 
house  mice,  and  voles.  The  interval  between  feedings  averaged  13  days,  with  a 
range  of  1  to  47  days.  Food  was  occasionally  refused. 
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KaufFeld  (1913,  p.  G07)  has  reported  on  the  feeding  of  two  broods  of  rattlers  of 
two  small  species,  the  banded  rock  rattlesnake  (C.  I.  klaiibcri)  and  the  Arizona 
twin-spotted  rattlesnake  (C.  p.  pricri).  One  brood  (ontiiincd  four,  and  the  other  six 
young.  1  he)  were  first  ollered  pieces  of  mice,  one  of  wiiich  was  eaten.  They  refused 
mealworms,  small  grasshoppers,  earthworms,  salamanders,  and  small  snakes.  They 
fed  most  readUy  on  small  lizards,  a  prey  known  to  be  an  important  part  of  their 
diet  in  the  wild.  These  were  first  offered  alive,  but  it  was  later  found  they  would 
readily  eat  them  dead,  either  taken  from  a  forceps  or  found  lying  in  the  cage.  They 
sometimes  showed  a  fear  of  live  lizards.  They  were  offered  food  at  weekly  intervals. 
One  of  each  brood  failed  to  eat.  As  the  snakes  grew,  they  were  fed  small  mice  or 
rats;  lepidus  showed  a  j)reference  for  mice  with  hair,  pricri  for  hairless.  They 
accepted  food  that  had  been  frozen  for  preservation  and  then  thawed. 

Loewen  (1917,  p.  53)  lias  reported  on  the  feeding  of  a  massasauga  (S.  catenatus) 
that  lived  in  captivity  4  days  less  than  14  years.  It  was  probably  a  year  old  when 
caught.  Feeding  records  were  kept  during  the  final  11%  years  of  its  captivity, 
during  which  time  it  fed  193  times.  It  seldom  fed  oftener  than  once  a  week;  the 
maximum  meals  in  any  one  month  were  six.  During  the  nearly  12  years  of  the 
record  it  ate  135  mice,  89  sparrows,  3  chicks,  3  lizards,  2  field  mice,  one  young 
rabbit,  one  mole,  and  I  I  pieces  of  meat.  The  largest  single  meals  comprised  two 
full-giown  sparrows,  or  three  to  four  large  mice.  It  fed  readily  on  dead  prey.  Dur- 
ing the  summer  it  fed  at  an  average  interval  of  1 1.4  days:  it  refused  to  eat  in  winter 
although  kept  at  room  temperature.  The  average  date  for  the  first  feeding  in  the 
spring  was  April  9  (range  Jan.  25  to  May  25),  and,  for  the  last  in  the  fall,  Oct  24 
(range  Oct.  5  to  Nov.  17).  This  snake  apparently  died  of  senility. 

Several  of  my  correspondents  have  supplied  interesting  experiences  in  the  feed- 
ing of  captive  rattlesnakes: 

I  have  had  success  with  the  feeding  of  a  C.  adamauicus.  I  first  forcc-ft-d  him  on  egg,  milk, 
and  vitamins.  He  took  seven  doses  from  Manli  1  to  June  10  Tlicn  I  <;ot  some  mice,  which 
I  oiTcrcd  him.  Since  tlicn  (to  August  22)  he  lias  eaicii  five  muc  .iiul  a  chipmunk.  The  vita- 
miiu  given  were  heavy  in  B  and  evidently  produce  an  appetite.  R.  E.  Gordon,  Atlanta,  Ga. 

■o 

I  fi:i(l  soiiir  cxijci ieiK cs  in  feeding  tWO  Gipii\e  Mnjjne  rntik  is  ;it  ^^I^or.  Aficr  alxnit  two 
weeks  in  captivity  iviihoul  eating — a  proffered  live  Ula  was  removed  after  Jn-'ing  untouched 
three  days— another  live  Uta  was  dropped  into  the  cage.  Immediately  one  rattler  approached 
the  moving  lizard  and  suddenly  struck,  hitting  it  in  the  middle  of  the  back  and  hanging  on. 
instead  of  recoiliiiL;.  It  lield  on  for  a  full  five  minutes.  In  the  nirantinir.  tfie  lizard  had 
twisted  his  head  about  and  gral>i>cd  the  rattler  by  the  neck.  When  tlie  rattler  finally  e.\tri- 
cated  his  fangs  from  the  lizard's  back,  he  found  the  lizard  firmly  holding  onto  his  neck. 
For  the  next  ten  minutes  the  rattler  tried  to  scrape  the  lizard  off.  All  this  at  ti\ity  hatl  by 
this  time  aroused  the  other  dormant  rattler,  and  it  approached  the  pair  with  interest.  Sud- 
denly it  struck  and  grabbed  llie  rattier,  not  the  lizard,  in  the  neck  directly  back  of  the  lizard  s 
death  grip.  It,  too,  hung  on  and  did  not  recoil.  For  five  minutes  the  trio  were  thus  occupied. 

The  fii>;t  rattler  seemed  to  be  oI)Iivioiis  of  liis  ati.Kki  i  s  i;iip,  lint  loniinind  irNint;  to  gel  tlie 
lizard  off  and  made  no  eflorl  to  get  rid  of  the  oilier  rauler.  When  the  second  rattler  retired 
after  withdrawing  his  fangs,  the  first  continued  brushing  the  lizard  off  and  finally  succeeded 
in  doing  so.  Then  he  quickly  swallowed  it  and  coiled  up  in  a  corner  Cor  digestion.  The  second 
rattler  appeared  nervous  after  that,  so  a  second  Via  was  captured  and  dropped  into  the 
cage.  The  unfed  rattler  lost  no  time  in  striking  this  lizard  in  the  convenlional  fashion,  and 
then,  without  waiting  for  the  lizard  to  succumb,  swallowed  it  while  it  still  was  struggling 
weakly.  I  doubt  if  the  second  rattler  intended  to  strike  his  cage-mate;  he  was  probably  aim- 
ing for  the  lizard  and  missed. 
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A  captixc  rattier  I'prohahlv  C.  x'.  nuiilius]  I  had  at  the  Petrified  Forrst  National  Monument 
at  Holbruuk,  Arizona,  alsu  icd  upoti  lizards.  I  lic^c-  lie  would  strike  and  liicn  neglect  iur  20 
minutes  or  so.  In  the  interim  the  lizard  would  crawl  off  into  another  comer  of  the  cage  and 
die.  Then  the  rattler  would  carerully  track  down  the  exact  trail  the  dying  lizard  had  taken, 
using  his  tongue  like  a  dog  sniffing  the  ground.  Lloyd  M.  Smith,  San  Diego,  Calif. 

■o 

It  was  our  cusioiii  lo  Iced  the  rattlesnakes  beel.  I  his  was  done  l»y  culling  a  wedge-shaped 
piece  of  beef  and  threading  it  on  the  end  of  a  bamboo  splint.  The  rattlesnake  was  held  just 
back  of  the  neck,  the  mouth  was  forced  open,  and  the  meat  pushed  il<i\  n  its  throat.  Then 
the  flutters  ^vere  tightened  around  the  throat  anci  the  stick  pulled  out,  lea\ing  the  meat 
inside  the  snake.  No  attempt  was  made  to  feed  the  rattlesnakes  live  food,  as  we  had  been 
told  that  they  would  not  eat  in  captivity.  This  feeding  wu  mly  done  once  hi  four  or  five 
days.  Bruce  F.  Stiles,  Divition  of  Fish  and  Game,  Des  Moines,  Iowa. 

o 

While  at  Zion  National  Park  I  had  the  opportunity  of  studying  the  Great  Basin  rattlesnake 
(C.  V.  lutosus).  lis  food  included  whiic-fooicd  mice,  wood  rats,  and  chipmunks;  and  one 
captive  rattler  ate  a  side-blocdi  lizard  (Uta  s.  stansbuiiana).  I  had  several  of  these  rattlers  in 
captivity  and  found  it  an  easy  task  to  get  them  lo  take  dead  mice  and  wood  rats,  provided 
the  animals  had  not  been  dead  too  lon^.  One  of  the  rattlers  in  particular  would  eat  any 
mouse,  if  not  too  stiff,  if  it  was  dragged  in  front  of  the  snake  with  a  jerking  movement. 
Russell  K.  GnUr,  NatiomU  Perk  Servia,  Estes  Park,  Colo. 

<^ 

I  had  a  large  female  sidewinder  that  ate  two  small  homed  lizards.  I  placed  a  large  and  vicious 
leopard  lizard  (C.  wislizeni)  in  the  cage  one  night.  Next  morning  the  lizard  was  inside  the 
sidewinder.  This  was  quite  a  mouthful  for  so  small  a  snake.  A.  C.  Wallen,  Los  Aureus,  Calif. 
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SEXUAL  CHARACTERIS  l  ICS 

Some  kinds  of  snakes  are  oviparous — that  is,  they  lay  eggs.  Others  arc  ovovivipa- 
rous — that  is,  the  eggs  are  retained  in  the  body  of  the  mother  until  they  arc  ready  to 
hatch,  so  that  the  young  are  born  alive.  The  rattlesnakes  are  among  those  that 
give  birth  to  living  young. 

In  the  southern  sections  of  the  United  States,  rattlesnakes  normally  mate  in  the 
spring,  after  coming  out  of  hibernation,  and  the  young  arc  born  between  late 
August  and  early  October.  It  is  probable  that  the  females  give  birth  to  their  fust 
broods  at  the  time  they  reach  the  age  of  three  years.  In  the  more  northerly  areas, 
where  there  is  a  shorter  season  of  acti\  ity  and  growth,  the  rattlers  have  a  different 
life  cycle,  for  it  has  recently  been  shown  that  they  bear  young  only  everv*  two  years, 
instead  of  annually.  In  these  areas  the  young  are  born  earlier  than  is  the  case  far- 
ther south,  that  is  they  are  born  in  the  late  summer,  and  mating  may  take  place  in 
the  autumn.  Studies  of  life  cycles  are  complicated  by  the  fact  that  female  snakes 
may  retain  live  sperm  for  a  considerable  time,  and,  in  rare  instances,  a  mating 
may  not  even  be  recjuired  for  each  brood. 

Sexi'ai.  Dimorphism  in  Length 

In  general,  adult  female  rattlesnakes  are  slightly  smaller  than  the  males.  It  is 
probable  that  snake  genera  in  which  the  females  grow  to  a  larger  size  than  males 
outnumber  those  in  which  the  contrary  is  true,  although  examples  of  both  may 
be  readily  cited.  Thus  the  males  reach  a  greater  length  in  such  genera  as  the  patch- 
nosed  snakes  (Salvodora),  the  leaf-nosed  snakes  (Phyllorliytichu.s),  the  gopher  or 
bull  snakes  {PituopJiis),  the  long-nosed  snakes  (Rhinochcilus),  and  the  moccasins 
(Agkistrodon).  Examples  of  genera  in  which  the  females  are  longer  are  the  Cali- 
fornia boas  (Lichauura),  the  ring-necked  snakes  (Diadophis),  the  gaiter  snakes 
(Tliatiinophis),  the  water  snakes  (Natrix),  the  lyre  snakes  (Triniorphodon),  and  the 
coral  snakes  (Micrurus). 

Since  snakes  do  not  cease  growing  abruptly,  as  do  mammals  and  birds,  but  con- 
tinue a  slow  growth  during  the  early  years  of  their  adult  existence,  it  is  difficult 
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lo  fix  standards  of  comparison  between  the  sexes,  fur  it  is  impossible  to  determine 
average  adult  sizes  with  the  accuracy  possible  in  the  case  of  the  warm  blooded 
vertebrates.  If  we  dcienninc  the  average  sizes  of  the  snakes  that  seem  to  be  adults, 
we  must  aibitraiily  fix  the  lower  limit  of  what  we  choose  to  call  the  adult  size, 
and  the  results  are  sure  to  be  coniprouiiscd  by  individuals  that  are  extra-large 
adolescents  on  their  way  up  to  adulthood.  We  may,  of  course,  compare  the  largest 
individuals  available  to  us,  or  the  averse  of  the  five  or  ten  largest.  Such  results 
are  fairly  comparable,  provided  the  sexes  are  equally  represented  in  the  series  from 
which  the  selections  arc  made,  for  it  is  obvious  that  the  greater  the  number  o( 
individuals  in  a  series,  the  nearer  maximinii  size  some  of  its  members  will  be. 
It  is  always  necessary  in  studies  of  this  kind  to  be  sure  the  material  is  territorially 
homoi^eneous,  for  tlierc  are  differences  in  the  uliiniate  lengths  readied  in  diiicrent 
areas,  e\ t  n  within  a  single  subspecies  of  rattlesnake. 

Elsewhere  (Klauber,  1937,  p.  21)  1  have  presented  tlie  results  o£  statistical  studies 
of  sizes  of  rattlesnakes,  based  both  on  large  series  of  adult  snakes  and  on  the  largest 
ten  individuals  available;  and  always,  with  the  exceptions  to  be  noted,  the  male 
rattlers  were  found  to  grow  to  a  larger  size  than  the  females,  in  all  subspecies  of 
which  adequate  and  i  epresentative  series  were  available  for  study.  The  most  recent 
data  on  the  sex  of  the  largest  specimen  that  I  have  measured  are  given  in  table  4: 1 
of  this  work. 

Some  examples  of  the  extent  of  sexual  si/c  differences,  determined  by  studies 
of  the  largest  individuals  of  each  sex  in  a  collection  of  snakes  from  a  single  locality, 
arc  as  follows:  Among  858  prairie  rattlesnakes  (C.  v.  viridis)  from  Platteville, 
Colorado  (459  males,  399  females),  the  largest  male  was  1,015  mm.  (40  in.)  long, 
the  largest  female  863  mm.  (34  in.);  superiority  of  the  male  17.6  per  cent. 

Of  117  prairie  rattlesnakes  from  Warren  Ranch,  near  Cheyenne,  Wyoming  (58 
males,  .59  females),  the  largest  male  was  1,258  mm.  (49Vj  in.)  in  length,  the  lar^st 
female  1  .OOO  mm.  {?>9^'s  in.):  superiority  of  the  male  25.8  per  cent.  The  measure- 
ments of  this  series  ^verc  received  through  the  courtesy  of  George  T.  Baxter  of  the 

Uni\ersity  of  Wyoming. 

Among  728  prairie  rattlesnakes  from  near  Pierre,  South  Dakota  (375  males,  353 
females),  the  largest  male  measured  1,076  mm.  (42%  in.),  the  largest  female,  1,020 
mm.  (40%  in.);  male  superiority  5.5  per  cent. 

Among  272  adult  San  Lucan  diamondbacks  (C.  r.  lucasensis)  from  Cape  San 
Lucas,  Baja  California  (162  males,  110  females),  the  longest  male  was  1,258  mm. 
(49%  in.),  the  longest  female  1,127  mm.  (4^1%  in.);  male  superiority  11.6  per  cent. 

It  must  be  admitted  that  although  these  statements  as  to  the  longest  snakes 
found  in  certain  groups  are  of  some  interest,  the  ratios  rcjiresenting  the  male 
superiority  arc  statistically  unreliable,  since  they  arc  too  dependent  on  only  twcj 
individuuls  from  each  lot,  cither  of  which  might  be  cjuite  out  of  the  ordinary,  and 
unusual  individuals  are  to  be  expected  in  almost  any  population. 

Table  10:1,  which  shows  the  ratios  between  the  average  sizes  of  the  adult  males 
and  females  of  certain  territorially  homogeneous  groups  of  rattlers,  is  more  con- 
sistc  nt  and  dependable,  notwithstanding  the  difficulty,  already  mentioned,  of  ex- 
thuling  all  adolescents.  When  this  table  was  prepared,  an  arbitrary  minimum 
limit  was  set  for  each  subspecies  and  all  available  specimens  above  that  limit  were 
considered  adults. 


Copyrighted  material 


688  Reproduction 

In  ihis  tabic,  wc  sec  that,  except  in  the  case  ol  the  sidew  indei ,  ihr  iiiuit-,  ron- 
sisicntly  exceed  the  lenialcs  in  size  by  liom  4.9  to  17.2  per  cent,  l  iie  mean  diller- 
ence  is  1 1.2  per  cent.  The  method  of  computation  somewhat  penalizes  the  males, 
since  the  setting  of  an  arbitraty  lower  limit — if  the  males  do  exceed  the  females 
in  length — ^will  include  more  adolescent  males  than  females  in  the  assumed  adult 
group.  There  is,  however,  a  balancing  factor,  in  that,  in  most  of  the  series,  there 
are  more  males  than  females. 

The  other  method  proposed,  that  oi  taking  the  mean  of  the  ten  larj^est  of  each 
sex,  allhoiioh  cliniinatini;  one  unfairne>s,  intiochices  anotlicr,  ii  the  sexes  be  not 
equally  represented  in  the  a\ailal>le  seriis  lioni  which  the  ten  largest  are  selected; 
for  the  sc.\  with  the  i educed  representation  will  necessarily  suffer  in  the  compari- 
son. Since  the  females  are  generally  less  adequately  represented  in  collections  than 
males,  they  are  discriminated  against.  A  study  of  this  kind  was  presented  in  my 
earlier  work  (Klauber,  1937,  p.  26).  It  was  indicated  that,  with  the  sidewinder 
omitted,  the  other  subspecies,  where  not  less  than  ten  adults  of  each  sex  were  avail- 
able, had  an  average  difference  in  lengdi  in  favor  of  the  males  of  17.6  per  cent. 
The  sidewinders  are  an  exception,  for  in  this  desert  sj)eries  the-  adult  females 
exceed  the  males  in  length  by  slightly  less  than  10  per  cent  (klauber,  1937,  pp.  24, 
26;  HM  b  p.  98). 

Sexual  dificrences  in  size  are  not  constant  throughout  the  life  cycle,  for  at  birth 
the  divergence  is  only  about  1  per  cent  in  favor  of  the  males  (Klauber,  1937,  p.  12). 
The  male  superiority  becomes  about  3  per  cent  in  juveniles  at  8  to  10  months;  and, 
in  a  composite  population  of  adolescents  and  adults  the  males  average  about 

5  per  cent  longer  tlian  the  females.  When  fully  adult,  as  has  been  shown,  it  is 
probable  that  adult  male  rattlesnakes  exceed  the  females  of  the  same  subspecies 

by  aboiu  15  pet  cent,  l  o  this  rule  of  male  superiority,  the  sidewinders  comprise 
the  only  exdpiioii.  no  lai  as  may  be  judged  from  series  available  in  numbers 
sulhcient  to  produce  reliable  statistics. 

Sexual  Differences  in  Pattern  and  Color 

It  happens  that  the  rattlesnakes  most  often  encountered  by  the  English  settlers  in 
the  New  World — the  two  subspecies  of  C.  horiidus — ^are  subject  to  some  sexual 
dififercnces  in  pattern  and  color.  As  a  result,  this  divergence,  which  is  by  no  means 

invariable,  even  in  honiflus.  was  credited,  for  a  time,  to  all  rattlesnakes. 

It  was  stated  as  early  as  1709  by  l.awson  (p.  128)  that  the  male  rattler  is  distin- 
guished bv  a  black  velvet  spot  on  the  head,  and  that  it  lias  a  longer  and  slimmer 
head  than  the  fcuiale.  1  his  obsei  vaiion,  which  is  not  accurate,  was  subsequently 
repeated  by  Lawson  (1714,  p.  133),  Brickell  (1737,  p.  143).  Brookes  (1763.  vol.  3, 
p.  368),  and  Goldsmith  (1774,  vol.  7,  p.  209).  Later,  at  least  somewhat  before  1800, 
the  theory  of  a  sexual  color  difference  in  horridus  changed  to  the  belief  that  the 
males  were  always  black  in  color  and  the  females  yellow  isli  (cji..  \t\\ai(  i  ,  1838, 
p.  68).  But  as  early  as  ]8()(),  Tome  (cd.  1928,  p.  114)  said  that  although  the  male 
horridus  was  often  black  and  the  female  yellowisii,  this  was  not  universally  true; 
and  the  impc  i  iecl  iiatini  oi  e\en  al)sen(e  of  sc-xiial  die  hromatism'  in  tin's  sub- 
species is  now  usually  recognized  (Netting,  1932,  p.  12;  King,  1939,  p.  578;  Clark, 
1919.  p.  260;  Swanson,  19.52,  p.  181;  Shorey,  19.53,  p.  25).  Two  observations  on 

'  .\oble  (1937.  p.  720)  has  slated  that  sexual  color  diflc-iciucs  arc  rare  aiiiuiig  snakes. 
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the  degree  of  the  sexual  color  differences  evident  in  horridus  are  the  following. 
Witli  rcgnrd  to  the  timber  rattler  (C.  h.  horridus)^  as  found  in  the  Great  Smoky 
Mountains,  King  (1939,  p.  578)  states: 

A  popular  belief  is  that  the  vclluw  iiulividiials  ate  all  females  and  the  black  ones  all  males. 
Upon  examination  this  is  not  always  borne  out.  The  large  yellow  specimens  usually  are  fe* 
males,  but  infrequently  males  answer  the  same  color  description.  The  males  tend  to  be 

darker  in  the  posterior  third  of  the  l)ody  than  do  females,  l)ut  females  have  been  taken  that 
were  quite  dark  throughout.  There  are  all  degrees  oi  variation  between  the  yellow  and  dark 
phases,  the  yellow  being  more  common  locally. 

Netting  (1932,  p.  12)  thus  characterizes  the  color  diilercnces  of  tlie  timber  rattier, 

as  found  in  Pennsylvania: 

Adult  yellow  or  tan  specimens  are  practically  always  females;  black  specimens  are  generally 
males,  although  black  females  are  found  occasionally.  These  color  phases  have  given  rise  to 
the  names  Yellow  Rattler  and  Black  Rattler. 

Riveirs  (1874,  p.  505)  thought  the  males  of  horridus  in  the  Carolinas  were  lighter 
in  color  and  slimmer  than  the  females.  He  was  certainly  wrong  on  the  color,  for 
such  color  difference  as  there  may  be  is  in  the  opposite  direction.  The  males  are 

slimmer  than  gravid  females,  otherwise,  excej^t  for  the  longer  tail  of  the  male, 
there  is  little  difference  in  body  shape.  Adair  and  Ewbank  (1922,  p.  356)  attributed 
diamond-shaped  blotches  to  male  eastern  diamondbacks  (C.  oda7)}n}it('us)  and 
heart-shaped  lo  the  kniales,  but  no  such  difference  is  actually  in  evidence. 

No  sexual  differences  of  importance  have  been  found  in  the  niunbers  of  body 
blotches  of  rattlesnakes.  Several  large  series  were  tested  with  the  following  results, 
expressed  in  terms  of  the  coefficient  of  sexual  divergence  in  per  cent:  C.  atrox 
0.34,  C.  c,  laterorepem  -0.39,  C.  r.  ruber  1.82,  C  r.  lucasensis  1.54,  C.  5.  scutulatus 
0.85,  C.  V.  helleri  -1.02,  C.  v.  viridis  (Platteville  series)  -1.62,  C.  v.  viridis  (Hetie 
series)  -0.11.  .\  negative  figure  indicates  that  the  females  average  more  blotdies 
than  the  males.  The  differences  are  seen  to  be  quite  unimportant.  For  example, 
in  ruber  the  males  average  -^fi.BS  blotches  and  the  females  35.92,  or  an  average 
dilleieiice  of  only  0.66  blotch,  and  this  is  in  the  subspecies  having  the  highest 
coeflicient  of  those  tested. 

The  sexual  difference  in  the  tail  rings  is  almost  always  significant,  for  the  males, 
with  their  longer  tails,  have  more  rings.  Tests  on  large  series  involving  17  different 
subspecies  of  rattlesnakes  indicated  coefficients  of  sexual  divergence  of  from  19.5 
per  cent  in  lucasensis  to  36.6  per  cent  in  adamanteus.  The  average  coefficient  for 
all  forms  was  26  per  cent.  But  even  with  these  wide  and  significant  sexual  differ- 
ences, the  tail  rings  are  not  of  service  in  sexing  specimens,  since  there  is  too  much 
overlapping  between  high  count  females  and  low-count  males;  and,  more  than  in 
many  characters,  there  is  much  subjectivity  in  counting  the  often  indefinite  tail 
rings. 

Sexual  differences  in  squamation  have  been  discussed  elsewhere  in  this  work 
(p.  167;  see  also  Klauber  1943a,  p.  11,  and  1945,  p.  34).  There  are  important  diver- 
gences in  ventral  and  subcaudal  scutes,  for  the  males  have  fewer  ventrals  and 
more  subcaudals  than  the  females,  as  summarized  by  subspecies  in  table  2:7.  Such 
differences  between  the  sexes  as  are  found  in  other  scale  series  are  unimportant 
and  not  generically  consistent. 

*  The  difference  between  the  means,  divided  by  half  the  sum  of  the  means,  expressed  in  per  wnt. 
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Methods  of  Determining  Sex — ^Tail-Length  Differences 

Since  no  sexual  color  difTcrcnccs  are  evident  in  most  rattlesnake  species,  antl  (dIoi 
dimorphism  is  not  unfailing  in  the  timber  rattler,  it  becomes  necessary  to  devise 
other  means  of  distinguishing  the  sexes.  As  the  anatomical  (Hlferences  cannot  be 
ascertained  with  safely  in  Ii\e  spt  f  iiiu  ns,  for  handling  would  be  re(jnired,  one  is 
usually  forced  to  dejjcnd  on  a  visual  exaniinaiion  of  the  tail,  which  allords  a  de- 
pendable criterion  in  the  case  of  adult  specimens,  cspt  cially  after  some  experience 
has  been  acquired.  The  tail  of  the  male  is  relatively  longer  and  thicker  than  that 
of  the  female;  also  it  tapers  gradually  from  the  body,  whereas  in  the  female  there 
is  a  sudden  and  rather  marked  narrowing  at  the  vent,  which  sets  o£E  the  tail  from 
the  body  (see  fig.  10:5,  p.  682). 

When  dealing  with  freshly  killed  specimens,  accurate  sexing  is  simple,  for  the 
hemipcnes  of  the  male  may  be  extruded  by  a  s(]nc(  /ing  jjressurc,  beginning  at 
the  base  of  the  rattle  and  pressing  forward.  .\  (aution  is  necessary  with  juycniles, 
in  that  ilie  stent  glantls  may  be  extjuded  and  confused  with  hemipenes.  1  he 
extruded  scent  glands  are  white  and  sharply  pointed;  the  juvenile  hemipenes  are 
blunt  and  suffused  with  red. 

In  preserved  specimens  it  is  usually  the  practice  to  slit  the  tail  of  a  specimen 
ventrally  to  detenu ine  the  sex.  The  retracted  hemipenes  of  the  male  will  be  fouiu! 
as  a  pair  of  thick,  tendon-like  processes  extending  fiom  the  anus  toward  the  b:iN(  of 
the  rattle,  and  gradually  tapering  posteriorly.  The  scent  glands  of  the  female, 
which  ha\e  led  to  some  inacdirate  deiei minatioirs  Avhen  the  ex])loratf)rv  slits  have 
not  been  long  enough,  will  be  found  to  terminate  in  rounded  ends,  only  a  short 
way  back  of  the  anus,  whereas  the  hemipenes  continue  virtually  to  the  rattle.  It  is 
of  interest  to  record  that  in  embryonic  rattlers — and  in  other  snakes  and  lizards  as 
well — the  hemipenes  are  extruded. 

One  method  of  tktei  niining  the  sex  of  live  specimens  is  to  probe  gently  through 
the  anus  into  tlie  tail  with  a  blunt  wire;  the  wire  will  readily  enter  more  deeply 
into  the  tail  of  the  tnale  than  the  female  (Schaefer,  1934,  p.  181;  l-'itdi  and  Glad- 
ing,  1947,  p.  105).  1  ha\e  stated  that  the  male  tail  is  longer  than  that  of  a  female 
having  the  same  body  length.  This  is  a  differeiue  evident  in  nearly  all  species  of 
snakes,  but  in  the  rattlesnakes  it  is  not  so  obvious  as  in  many  other  geneia  because 
of  the  relatively  blunt  tail  that  results  from  the  attachment  of  the  rattle.  The  ex- 
tent of  sexual  dimorphism  in  tail  length  in  rattlesnakes  has  been  treated  in 
chapter  4. 

Several  supposed  se\  differences  have  been  mentioned  by  various  authors.  Law- 
son  (1711,  p.  13.'^;  Biookes.  1763,  vol.  3,  p.  368)  says  that  male  laitlesnakes  have 
smaller  and  longer  heads  than  females.  1  ha\c  investigated  this  theory  (Klaubcr, 
1938,  pj).  3  and  36)  and  found  that  the  females  have,  in  fact,  slightly  larger  heatls  at 
comparable  ages,  but  the  difference  is  so  slight  that  it  can  be  demonstrated  only  by 
careful  measurements  involving  averages  of  many  specimens.  Certainly  the  differ- 
ence could  not  be  noted  from  a  mere  visual  inspection. 

Lanman  (1863,  p.  231)  has  stated  that  male  rattlers  have  four  fangs  and  females 
two.  There  is  no  truth  in  this  supposition;  individuals  of  cither  sex  have  two  fangs 
on  a  side  thu  ing  the  jieriod  wherein  a  functional  fang  is  being  replaced  by  a  reserve 
fang.  There  appears  to  be  no  sexual  dimorphism  in  fang  length  (Klaubcr,  1939b, 
p.  21). 
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Reproductive  Age 

In  1937  (Klauber,  p.  19)  I  made  a  study  of  the  reproductive  age  of  rattlesnakes  and 
concluded  that  the  first  mating  takes  place  in  the  spring  when  the  females  are  two 
and  one-half  years  old,  and  that  they  bear  their  first  young  when  three  years  old. 
Also  it  was  found  that  young  females  vcuch  gravidity  at  about  two-tliirds  of  their 
final  length.  I  hese  findings  were  based  on  a  study  of  several  diiiercnt  species, 
partirulaily  of  ilieir  growtli  airvcs  and  rattles. 

Subsequently  Fit(  h  in  his  studies  of  the  noi  thern  Pacific  rank  snake  on  the  San 
Joaquin  Experimental  Range  in  California,  Jacklcy  in  South  Dakota,  and  Rahn 
in  his  work  on  the  i^rairie  rattlesnakes  of  Wyoming,  visualized  a  slower  growth  than 
my  statistics  of  southern  California  forms  would  indicate.  Rahn  (1942b,  p.  233) 
showed  conclusively  that  the  prairie  rattlesnake  (C.  v.  viridis)  bears  young  bien- 
nially, at  least  in  the  nortiu  in  parts  of  its  range.  Fitch  (1949a,  p.  539)  and  Glissmeyer 
(1951,  p.  2\)  reached  similar  conclirsions  as  to  biennial  cycles  in  the  northern 
Pacific  rattler  (C-.  t'.  nyrgnnus)  and  Great  Basin  rattler  (C.  i>.  lutosu.s),  iesj)erti\ely. 
From  these  data  it  appeals  probable  that  in  iluse  noi  thern  areas  the  Imiairs  do  not 
give  birth  to  their  first  young  until  the  loin  th  anniversary  of  their  own  births,  and 
sometimes  not  even  until  the  fifth.  But  I  am  still  of  the  opinion  that  among  our 
rapidly  groA\  ing  southern  species,  the  diamondbacks  in  particular,  such  as  atrox, 
ruber,  and  lucasensis,  the  mothers  bear  at  three  years. 

Among  our  rattlesnakes  at  the  San  Di^;o  Zoo,  a  captive-born  hybrid  (scutulatus  x 
unicolor)  gave  biith  to  yoimg  at  the  age  of  13  days  less  than  three  years;  and  a 
Coronado  Island  rattler  (C.  xk  caliginis),  collected  as  a  juvenile,  had  yoimg  at  about 
its  third  birthday.  And  e\en  in  the  northern  forms,  it  is  indicated  by  the  sizes  of 
mating  oi"  giavid  females  mentioned  by  I'iidi  and  Gladini;  (10!7.  p.  Ill)  and 
Glissnuvcr  (1951,  p.  25)  that  they  may  male  lor  the  first  lime  beloic  leacliing  the 
age  ol  three  years.  I'hen,  on  a  biennial  cycle,  they  would  bear  their  first  young  at 
the  age  of  four. 

Vols0e  (1944,  p.  35)  concluded  that  in  Denmark  the  European  vipers  bear  at 
the  age  of  five  years.  Another  worker,  Bemstrom  (Vols^e,  p.  149)  has  concluded 
that  they  bear  at  four  years.  Conant  (1933,  p.  43)  had  a  ( aptive  water  moccasin  that 
gave  birth  to  a  brood  of  \oung  2  years  and  10  months  after  its  own  birth,  which 
shows  that  other  pit  vipers  may  bear  at  3  years. 

Male  Organs 

The  intromittent  male  organs  of  snakes  are  normally  retracted  into  their  tails  and 
thus  are  hidden.  They  are  paired,  there  being  one  organ  on  each  side,  and,  in 
addition,  each  otgan  may  be  more  or  less  bifurcated.  Only  one  organ  is  used  at  a 
time.  There  are  rather  remarkable  generic  and  even  species  differences  manifested 
in  the  degree  to  whith  eacli  henupenis  is  bifurcated,  and  in  the  rharac  ter  of  tlie 
exterior  ornamentation  in  the  form  of  fringes  and  spines.  The  ornamentation 
referred  lo  is  \  isil)le  oiiK  when  the  organs  an  exiiutled  for  usi-,  for  it  is  oidy  then 
that  the  fringes  and  spines  are  on  the  exterior  ol  the  organs.  The  organs  arc  hollow, 
and  in  the  course  of  being  extruded  via  the  cloaca,  they  are  turned  inside  out 
Thus  the  interior  ornamented  surface  of  the  tube  becomes  the  exterior  surface 
upon  extrusion.  Extrusion  and  retraction  are  both  accomplished  by  approfniate 
musdes. 
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Use  i)i  C.Un\ificnti<ni.  As  early  as  1G8.'),  Tyson  (p.  41,  figs.  2,  3)  accurately  clcsdibcd 
and  pictured  the  Iiciiiipt  ncs  ot  llic  lattleMiake.  Schlegel  (1837,  vol.  1,  p.  16;  I  laill's 
translation,  18  1j,  \i.  38)  pointed  out  that  the  several  kinds  of  snakes  differed  in 
hemipenial  morphology.  However,  it  remained  for  Ck>pe,  in  a  series  oi  papers  some 
60  years  ago  (1893,  p.  477;  1894,  p.  833;  1895,  p.  186;  1900.  pp.  702,  1128,  1139, 
plates  12-31),  to  explore  the  nature  of  these  variations  in  the  hemipenes,  and  to 
propose  their  use,  co-ordinated  with  differences  in  osteology  and  lung  structure, 
as  the  basis  for  a  new  classification  of  all  snakes. 

Althcnigh  tlic  expec  lalions  of  (lope  as  lo  iIic  \  aluc  of  the  lu  rniix  ncs  in  classifica- 
tion have  not  1)(  t  ii  conijiletely  cf)n(iiinccl  in  subsccpu  nt  invest iu^at  ions,  tliey  remain 
inipoiiant  nc\i  i  ihclcss.  It  was  once  thought  that,  since  iliey  are  presumably  non- 
adaptive,  any  evolution  in  their  morphology  should  be  slow;  they  should  be  rela- 
tively stable  and  therefore  likely  to  continue  to  show  basic  relationships.  But 
Bogert  (1940,  p.  9)  has  pointed  out  that  adaptations  to  specialized  habitats  have 
indirectly  affected  the  hemipenes  through  modification  of  such  characters  as  tail 
length,  for  example.  Thus  he  believes  that  for  the  purpose  of  classification  the  male 
organs  are  more  valuable  at  the  generic  level  or  below  than  at  the  subfamily  level 
or  above.  Otlu  r  recent  disc  ussions  of  the  \aliditv  of  these  organs  in  dassifuation 
aic  those  of  \V]lai(l  (192S.  p.  KKii  and  Clark  (1911,  p.  -111).  .As  far  as  the  tattle- 
snakes  are  concerned,  heniijjenial  chara(  leristics  are  of  decided  interest  antl  sonic 
importance  in  deducing  specific  and  subspccific  relationships.  Because  of  the  con- 
siderable speciall)  pn  pared  material  available  in  my  collection,  I  shall  discuss 
some  of  the  differences  between  species  that  are  evident  from  these  specimens. 

Prrfxirnt/o)!  of  S//rrn/?r?/,v.  Hcmijicnes  may  be  examined  cithci  in  situ  or  ex- 
truded. 1  he  fnsl  position  has  the  advantage  of  availability  and  simplicit),  sintc 
every  well-preserved  adult  male  snake  will  furnish  material  for  study.  Furthermore, 
some  iiiipoi  tant  interspecies  comparisons  may  be  made  by  the  correlation,  for  each 
species,  of  certain  parts  of  the  organ — ^such  as  its  apex,  point  of  bifurcation,  and 
division  of  the  sulcus — with  the  serial  number  of  the  superimposed  subcaudal 
scale,  counting  bac  kwaid  fiom  tlie  vent.  On  the  other  hand,  a  proj)cily  extruded 
homipcnis  can  oiilv  be  obtained  just  ])rior  to  presei  valion,  while  the  di  acl  animal 
is  still  pli:iblr.  liut  an  (  Xii  uded  oigan  docs  ha\c  llu  advantage  ol  ] u  i  iiiitling  a 
stnih  oi  shap(  :  it  aKo  ])ii  s(  nls  a  (kaici  j)ii  tiiie  of  tiie  di  tails  and  an angeincnls  of 
the  ot  namenialion  than  does  a  specimen  in  ulu.  If  all  po^>siblc  dilfeieniial  ciiieiia 
are  desired,  both  methods  of  examination  should  be  used. 

As  the  production  of  properly  extruded  organs  requires  some  experience,  I  shall 
outline  the  method  that  has  been  found  satisfactory  at  San  Diego,  in  the  preserva- 
tion of  several  hundred  specimens.  First,  l)y  ])ressure  on  the  tail  of  a  freshly  killed 
snake,  a  partial  e\ersion  of  one  or  both  hemipem  s  is  seemed.  Next  the  ru  t die  of  a 
50  ((.  nutal-bai  I  (  I  syringe,  charged  with  ellul  aUoliol,  is  introduced  aliove  the 
rattle  with  tlu  ik  < die  cliietled  foiwaid.  ami  ])rt  ssuic  is  slcadilv  ajjplietl.  I  his  will 
usually  (  ause  a  ( onsitiei  able  e\  t  rsion  of  one  of  the  oi  gans  and  somelinu  s  both. 
'1  he  probability  of  full  eversion  will  be  improved  if  a  string  be  tied  tightly  around 
the  body  just  anterior  to  the  vent.  Occasionally  it  is  found  necessary  to  try  several 
points  of  introduction  of  the  needle  until  a  fully  effective  vantage  point  is 
secured,  especially  with  the  larger  specimens.  As  soon  as  it  is  certain  that  the  apex 
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of  an  organ  has  been  everted  oui  of  the  neck.  i.e..  sonu  w  hat  more  tlian  r>0  per  cent 
ol  comphtc  c\ei"sion,  a  ihreatl  is  tied  around  tiie  neck  with  a  single  loop.  Ky 
pidling  on  the  thread,  the  neck  is  sti(  ichcd  ouiwanl  to  the  iiiniosi  and  is  then  cut 
off  as  close  to  the  body  as  possible.  1  he  ends  ol  the  internal  nuiNcul.uiuc  (the 
retractors),  that  have  been  cut  off  are  pushed  up  out  of  the  neck  and  into  the  organ 
with  a  probe,  so  that  they  will  not  be  held  by  the  loop  of  thread. 

The  needle  of  the  syringe  is  now  introduced  into  the  neck,  and  the  thread  is 
reti^tened  on  the  needle.  A  gradual  and  firm  pressure  is  applied  to  the  plunger 
until  full  e\  er.sion  is  secured  on  both  lobes.  Full  eversion  in  most  species  is  usually 
evidenced  by  the  apiJearance  of  a  pointed  apex.  If  eadi  branch  of  the  extruded 
organ  takes  the  curved  (orm  of  a  rani's  horn,  tlic  retractor  muscle  is  being  restrained 
by  the  tin  t  ad  loop  and  shoukl  be  releasetl.  Clare  must  be  exercised  that  the  needle, 
when  introduced  into  the  neck,  noes  not  puncture  the  wall;  and  the  liquid  pressure 
roust  be  so  limited  as  not  to  rupture  the  delicate  apex.  ( 1  his  moderation  of  pressure 
will  also  avoid  any  distortion,  since  length-diameter  ratios  are  of  interest).  With 
pressure  still  applied,  and  the  thread  ends  under  tension,  the  needle  is  withdrawn. 
The  tying  is  then  completed  with  a  square  knot,  and  the  organ  is  ready  for  tagging 
and  permanent  storage  in  alcohol. 

If  both  hemipencs  arc  desired,  it  is  necessary  to  secure  eversion  oi  both  far  enougli 
to  jiermit  both  to  be  tied  off  before  either  is  cut  ;n\  ;iv,  oihcrwise,  after  the  net  k  of 
the  fnst  i>,  cut.  leakage  will  render  it  impossible  to  secure  sudicient  pressure  to 
evert  the  second.  Although  it  is  entirely  possible  to  secure  full  eversion  and  dis- 
tension without  cutting  the  hemipenes  away  from  the  body,  it  is  difficult  to  avoid 
their  being  crushed  when  the  specimens  are  placed  in  jars  for  preservation.  A 
complete  amputation  and  separate  storage  are  therefore  to  be  recommended.  The 
examination  is  also  easier  in  the  case  of  the  separated  organ.  A  method  of  prepara- 
tion that  involves  the  injection  of  hot  paraffin  into  an  extruded  organ  also  produces 
an  excellent  specimen,  although  the  process  is  somewhat  more  difTicult  than  filling 
with  alcohol.  An  earlv  description  ol  how  the  method  is  applied  will  be  found  in 
Ortenbiuger  (1923,  p.  71);  see  also  X'ellard  (192S,  p.  -lOT). 

Heniiprnial  Chnractci istics  in  Rattlesnakes. — The  hcmipenis  of  ihe  rattlesnake 
mav  be  described  as  follows:  It  is  completelv  l)ifurcate,  with  a  divided  sulcus,  one 
brancli  of  Avhich  is  carried  to  the  apex  of  each  lobe  (fig.  10: 1).  The  basal  or  proximal 
settiou  is  co\ered  with  stiff  s[)ines,  jjariic  ulai  1\  on  tiie  outer  shoulders.  .Sj)ines  mav 
or  may  not  be  present  m  the  crotch.  1  lie  spines  arc  ret  ur\ed,  that  is,  tlirected 
backward.  The  distal,  fringed  surfaces  of  the  branches  may  be  laminate,  reticulate, 
or  partly  of  both  forms.  The  borders  of  the  frilb  are  edged  with  spinules.  The 
apices  are  calyculate.  There  may  be  a  sharp,  but  soft,  point  at  the  apex. 

Like  other  snakes,  rattlesnakes  manifest  generic  and  species  differences  in  hemi- 
penes, wliereljy  some  (A  ilu  ir  reiai iousliips  are  clarifietl.  I  he  two  genera  Crotaltts 
and  Sislninis  aie  cjuiic  well  tlilferentiated,  since  in  the  former  there  is  an  abrupt 
Ijoundary  between  spines  and  fringes,  whereas  in  the  latter  tiie  transition  is  more 
gradual. 

The  characters  of  the  hemipenes  that  have  been  found  useful  in  indicating 
specific  and  subspecific  relationships  are  the  following: 

Form:  The  ratio  of  the  length  of  eadi  lobe  to  its  diameter;  the  lobe  shape, 
whether  cylindrical  or  tapering  from  the  spinous  section  toward  the  apex. 
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Spines:  Tluii  luiiiibcr.  c luiractcr.  ami  spacing:  the  presence  of  small  spines  in 
the  iniers])a(es;  the  area  covered  by  the  spines,  and  particularly  their  presence  or 
absence  in  the  crotch;  the  abruptness  of  the  change  from  spines  to  fringes  at  the 
boundary  of  the  sj)inous  area. 

Fringes:  Their  number  and  whether  laminate  or  reticulate;  the  presence  of 
spinules  on  their  edges. 

Some  of  these  characteristics  are  illustrated  in  figures  10:2a  to  10:2h,  ^vhidi  show 
several  examples  of  hemipcnes.  Such  varial)le  cIku actcristics  as  can  he  reduced  to 
numerical  or  statistical  form  arc  the  most  iiselid  lor  (ompaiaiixe  purj)os(  s  But  a 
study  ol  hendpcnes  has  disappointing  features,  for  it  is  difhcuit,  if  not  impossible. 


Fig.  10:1.  Hciiiipcnis  ul  rank-huakc  with  the  terms  applied  to  cliaructciisLic  icaiures.  Lach  iiialc 
ha%  a  pair  of  these  forked  organs.  When  extruded,  the  sulcus  aspects  of  the  pair  foce  each  other 
across  the  venu 

to  count  some  items  objectively  and  uniformly;  and,  in  others,  intrasubspecific 
variation  is  so  great  as  to  mask  intersubspecific  differentiation. 

For  instance,  the  spines,  although  the  most  conspicuous  feature  of  the  ornamenta- 
tion, are  foinid  luiexpcctedly  difficult  to  count.  Even  when  each  spine  tip  is  marked 

with  a  ( olor  to  facilitate  acairacy,  by  a  touch  with  a  violet  copying  pencil  as  the 
couniins^  piotccds,  the  presence  of  numerous  transitional  points  introduces  great 
uncerlaintx.  As  to  the  si/c  and  shape  of  the  spines,  that  is,  whether  long  and  thin, 
or  shoii  and  hea\y,  diligences  arc  evident  within  a  subspecies.  There  is  also  a 
considerable  ontogenetic  variation,  not  only  in  size  and  the  degree  of  ossification, 
or  hardening  of  the  points,  but  in  their  number.  Therefore  the  investigation  must 
be  limited  to  adults. 

There  is  no  approach  toward  an  arrangement  of  the  spines  in  rows*  notwith- 
standing a  fairly  uniforni  scatter.  Also  the  spines  diminish  in  size  so  gradually, 
partiiulaily  on  each  side  as  the  sulcus  is  npproached,  and  along  the  proximal  edge, 
that  it  is  im]iossilile  to  determine  wlien  counting  should  cease,  for  the  end  points, 
in  lonsitlerahh  nuinbcjs,  arc  mere  spinuU  s.  In  some  spct  ies,  jjarlicniai  Iv  the 
viridis  giuup,  there  is  a  further  complication  of  smaller  points  scattered  among 
the  major  spines.  Attempts  to  count  only  full-sized  spines  are  equally  unsucrassful, 
so  gradual  is  the  transition.  In  viridis,  about  one-third  of  the  spines  are  of  prac- 
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tically  full  size;  in  atrox  the  proportion  is  larger.  As  far  as  possible,  it  was  cndeav- 
oi  ed  in  ihcse  studies  to  count  only  those  spines  having  raised,  sharp,  and  hardened 

(ossified)  points. 

The  s])incs  are  most  piouiineni  on  the  outer  shoulders.  They  tend  to  decline  in 
size  near  the  sulcus,  and  likewise  at  the  junction  of  the  lobes  in  back.  (The  side 
with  the  sulcus  is  considered  the  front;  actually  it  is  the  medial  side,  as  the  sulcus 
aspects  of  the  separate  hemipenes  face  each  other  across  the  venL)  In  no  species  is 
there  a  junction  of  the  two  spinous  areas  across  the  back,  but  often  there  are  many 
small  spines  near  the  dividing  line.  As  a  result  of  these  uncertainties  in  spine 
counts,  differences  in  counts  are  oftm  evident  between  the  two  lobes  of  a  single 
organ,  as  well  as  between  tlie  numbers  counted  on  the  two  orc;ans  of  the  same  snake. 

The  frinj^es,  on  the  other  hand,  may  be  counted  with  greater  assurance.  After 
a  parti(  ular  feature  on  the  periphery  has  been  adopted  as  a  starting  point — in  this 
instance  the  most  distal  point  reached  by  the  spinous  area  (usually  about  90°  out- 
ward from  the  sulcus) — and  a  terminal  point  has  been  selected  where  the  apical 
calyces  begin,  the  count  is  fairly  definite.  A  line  toward  the  apex  must  be  followed 
as  the  count  proceeds,  for  the  fringes  tend  to  break  and  coalesce,  and  adherence 
to  a  single  line  is  essential  to  secure  an  average.  The  counting  is  materially  aided 
if  the  line  be  brushed  lightly  with  a  violet  copying  pencil,  which  makes  the  fringes 
more  evident,  l  his  color  subsequently  disappears  in  alcohol.  Care  must  be  taken 
to  count  only  tuHy  everted  specimens. 

A  distinrtion  between  laminate  and  reticulate  fringes  is  useful,  but  involves 
difFKuliies,  since  tliere  is  a  transition  between  tlic  two;  the  straight  laminations 
gradually  become  more  wavy,  until  a  netlike  or  honeycomb  pattern  is  acliicvcd. 
Often  the  fringes  are  laminated  in  frx>nt,  that  is,  toward  the  sulcus,  and  reticulate 
in  bade.  The  apical  c  alyces  are  moderately  distinct  from  the  fringes,  even  though 
the  latter  may,  in  themselves,  be  netlike. 

Where  a  sufficient  number  of  specimens  is  available  for  several  fringe  counts, 
rather  definite  averages  and  ranges  may  be  established  for  each  species.  In  a  series 
of  SO  atrox  the  coefficient  of  variation  of  the  number  of  fringes  (average  57)  was  4.3 
per  cent,  thus  showing  good  consistency.  Ordinariiv  the  fringe  counts  of  most 
specimens  \vill  fall  within  three  to  fiw  of  ihe  siibspecific  mean. 

In  an  evaluation  u{  the  lobe  shape,  the  length  of  a  lobe  is  taken  as  the  distance 
from  the  apex  to  the  mesial  point  where  the  lobes  branch;  and  the  diameter  is 
measured  just  distal  to  this  junction.  Specific  differences  are  quite  evident  in  these 
proportions,  as  exemplified  by  the  short,  thick  lobes  of  molossus  (ligs.  10:2g  and 
10:2h)  when  compared  with  the  long,  slim  branches  of  adamanteus  (figs.  10:2a 
and  10:2b). 

Specific  and  Subsjjecific  DilJerences  and  lirUUionships.— Despite  these  uncertainties 
in  counts  and  measurements,  I  thuik  it  worth  while  to  present  in  table  10:2  some 
numerical  data  on  the  hemipenes,  and  to  point  out  some  of  the  species  differences 
and  likenesses  that  have  been  found.  It  is.  of  course,  to  be  presumed  that  the  larger 

rattlers  would  have  more  and  larger  spines  than  the  smallei  species,  and  also  more 
fringes,  and  these  suppositions  are  verified.  The  same  trends  aie  evident  in  stunted 
subspecies,  as  compared  witli  their  prototypes,  as,  for  example,  in  a  comparison  of 
nuntius  with  viridisj  or  muericmis  with  pyrrlius. 

I 
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Figs.  10:2a  and  h.  Hcmipenis  of  C.  adamanteus  (both  aspects),  charactci  i7Cil 
by  attenuated  shape,  plentiful  ihin  shoulder  spines,  and  extensive  patch  of 
mesial  spines. 


Figs.  10:2c  and  d.  Heniipcnis  of  C.  niitchelli  stcphemi  (l>oth  aspects),  show- 
ing laminated  fringes  in  front  and  relirulaled  frniges  in  back;  few  me.si;il 
spines;  average  attenuation  for  rattlesnakes. 


In  general,  tlic  results  of  the  hcmipcni.il  investigation  of  relationships  have  l>cen 
corroborative  antl  confirmatory  rather  than  novel.  As  already  mentioned,  the 
Sistrurus  Crotalus  divergence  is  evidenced  by  a  difference  in  the  spine-fringe  tran- 
sition in  the  two  geneia  -{•radual  in  Sistrurns,  abrupt  in  Crotahts.  In  seart  hing  for 
intermediates,  we  fintl  only  two,  C.  stcjnegeri  and  C.  Irpidiis.  In  lepidiis  this  is 
probably  only  a  chance  convcrgetice,  rather  than  one  with  a  firm  phylogenetic  basis. 
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Figs.  10:2c  and  f.  Hcniipmis  of  C.  rii\'>  eiiyo  (Intlh  aspw Is), 
showing  extensive  |)alcli  of  mesial  spines. 


Figs.  lOrligand  h.  Hcmipcnis  of  C.  titolossus  tnolosstis  (boiii  aspt-tis),  (liaiactfiiitctl  by  Mont  habitus 
and  perfect  ieii<  tilaiions  in  tlie  rear;  shoulder  spines  slmri  and  liea\\;  no  mesial  spines. 


as  is  indicated  by  the  fact  that  the  inteniicdiacy  is  more  evident  in  C.  klauberi 
than  in  C.  I.  lepidits,  yet  the  latter,  judged  from  paiicm,  is  the  more  primitive  of 
the  two  subspecies. 

If  we  search  out  the  s|)ccies  and  subs|)ccies  that  deviate  from  the  rattlesnake 
mode,  character  by  chaiacter,  we  find  first,  with  regard  to  lobe  shape,  that  the 
diamondbacks,  especially  atrox,  have  unusually  attenuated  organs,  tipped  at  the 
apex  with  a  soft  pointed  projection.  At  the  other  extreme,  with  short,  thick  lobes 
arc  molossus  and  cerastes,  especially  lalerorepens.  As  to  a  marked  taper,  that  is, 
a  considerable  reduction  in  diameter  from  the  spinous  to  the  fringed  area,  we  find 
this  especially  evident  in  the  subspecies  of  C.  dtirissus,  in  h.  bnsiliscus,  and,  to  a 
lesser  extent,  in  horridus. 

In  high  numbers  of  spines,  odnmanleus,  basilisciis.  and  enyo  arc  outstanding, 
whereas  some  of  the  small  forms  have  few,  particularly  trisniatus  and  tniintrnsis. 
.Mihough  the  shaj>es  of  the  individual  spines  are  diffuiilt  to  assess  because  of 
fundamental  dilTeientcs  in  the  size  of  the  organ  itself,  we  shoidd  designate  basilis- 
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cus  and  the  durissus  subspecies  as  being  outstanding  for  long  and  thick  spines. 
C.  honidus  has  long  but  thin  spines.  Short  and  thidi  spines  are  especially  evident 

in  fjyrrhus. 

Much  more  objective  arc  the  mesial  spines — the  patches  or  single  spines  in  the 
rioi(  h — and  the  closeness  of  their  approach  to  the  media!  side  of  the  siilrus.  .Such 
spinous  patdics  are  most  extensive  in  adamatUeus,  basiliscus,  enyo,  cerastes,  pricei. 
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and  stcjucgeri.  From  one  to  three  mesial  spines  are  usually  present  in  atrox,  tor- 
tugcusis.  ruber,  liicascmis,  and  cxsul;  also  in  the  mitrlwlli  subspecies — mttrfirlli, 
pyrrhus,  and  stt-plwiisi.  Tlie  viridis  subspecies  arc  ch.ii at  tcrizcd  by  a  coiiijjlcte 
absence  ol  mesial  spines.  In  Sistrurus  calenalus  the  mesial  spines  are  tiansitional 
between  true  spines  and  fringes;  in  5.  miliarius  tlie  spines  border  a  mesial  bare  area. 

It  is  quite  evident  that  the  number  of  fringes  is  dependent  on  the  shape  and  size 
of  the  organ.  The  highest  counts  are  found  in  the  diamondbacks,  whose  hemipenes 
are  both  large  in  size  and  attenuated;  those  averaging  50  or  above  are  adamanteus, 
airox,  tortugensis,  and  lurasrtuis.  C.  m.  molossus,  although  a  rather  large  rattler, 
has  an  average  of  only  21  fringes,  clearly  the  result  of  its  short  lobes.  Other  species 
with  rclativclv  few  fringes  -ccraslcs.  hlnnhrr!.  prirci,  triscriafiis,  and  willardi — 
no  doubt  fall  into  this  cat«'goiy  because  of  tlicir  relatively  small  size. 

If  the  rattlesnakes  have  a  mode  in  the  nature  of  the  fringes,  it  is  in  a  tendency 
toward  laminations  in  front  (the  sulcus  aspect)  and  reticulations  in  back.  The 
species  characterized  by  laminations  throughout  are  atrox  and  its  relatives  (but  not 
adamantetis)t  and  also  enyo  and  klauberi.  Those  with  reticulations  on  both  faces 
are  adamant  ens,  the  subspecies  of  durissus,  and  cerastes.  The  fringes  are  edg^  with 
spinules  in  all  species;  however  these  tiny  points  are  fewer  and  blunter  in  basiliscus 
and  tlie  durissus  subspeci^  than  the  rest.  T  he  gradual  transition  from  spines  to 
fringes  in  Sistrurus  is  effected  by  the  presence  of  small,  but  definite,  spines  on  the 
proximal  fringes. 

The  raLiltsnake  (in  the  genus  Crolalus)  with  the  most  singular  hemipenes — 
the  widest  divergence  from  the  rattlesnake  mode — ^is  the  long-tailed  rattler  (C. 
stejnegert).  Its  organs  are  not  only  longer  and  slimmer,  proportionately,  as  might 
be  expected  from  the  long  tail,  but  they  are  different  in  form,  although  deeply 
bifurcate  as  in  all  rattlers.  The  sjmucs  are  small,  slim,  and  very  numerous.  They 
cover  the  entire  periphery  of  the  lobe,  except  at  the  sulcus,  and  are  present  in  the 
crotch.  Tlie  transition  to  fringes  is  ratlier  gradual,  as  in  Sistrurus.  The  fringes  are 
iclativclv  small  and  disaj)|)cai  com|)letcly  at  the  outer  end,  where  the  shaft  is 
smooth  and  slightly  expanded.  A  smooth  area  of  this  kind  is  found  in  no  other 
rattlesnake,  except  that  there  is  a  longitudinal  smooth  strip  located  on  the  inner 
side  of  the  crotch  in  5.  miliarius^  in  which  the  strip  is  bordered  with  spines. 

Some  intraspedlic  differences  are  noted:  Arizona  specimens  of  pyrrhus  have 
fewer  mesial  spines  than  other  mainland  forms  of  mitchelli;  and  western  sub- 
species ol  viridis  have  fewer  spines  and  fringes  than  the  eastern.  Despite  the  exten- 
sive differences  between  tlie  organs  of  basiliscus  and  molossus  in  shape,  in  the 
numbers  of  sjiines  and  fringes,  and  in  tlu;  jjrcscTUc  of  mesial  sjjines,  when  the 
problem  aiose  of  allocating  doubtfid  spcrimcns  from  southeastern  Sonora  and 
northern  Sinaloa.  the  hemi[)encs  were  found  of  little  value,  since  they  were  inter- 
mediate between  the  two  fornis  as  they  occur  at  their  centers  of  population.  It 
will  require  further  studies  to  determine  whether  this  compromise  has  resulted 
from  hybridization. 

To  sununarize  the  more  important  indications  of  relationshi|)s  and  segregations 
derived  from  an  examination  of  the  henu'penes,  I  shoidd  include  these:  1  he  cor- 
roborative difTercncc  between  Sistrurus  and  (Crolalus;  the  iniique  (haractcr  of 
stejnegeri;  the  separation  of  adatnautcus  fiom  the  atrox  gioup;  the  sepaiation  of 
basiliscus  from  durissus;  the  evident  difference  between  pricei  and  triseriatus; 
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and  hoih  tin-  w  iihiii-^ioup  (onsistciuA  ami  tlic  (A  idciit,  l)iit  not  stroii^.  Ix.  iwi  cn- 
gioup  dillcrcnccs  ot  viridis,  scutuialui,  and  ihcii  iclluws.  I  should  pick  Siululatus 
a$  the  species  with  hemipenes  nearest  to  the  Crolalus  mode. 

The  male  organs,  since  they  are  both  paired  and  deeply  bifurcate,  so  that  super- 
ficially there  appear  to  be  four  when  fully  everted,  have  been  the  basis  of  state- 
ments to  the  effect  that  rattlesnakes  have  hidden  legs  (e.g.,  Desert  Magazine,  vol. 
12,  no.  6,  p.  35,  1949).  These  legs  are  most  likely  to  be  evident,  so  it  is  said,  when 
a  snake  has  been  singed  in  a  fire. 


SEXUAL  ACTIVl  1  lES 

Sex  Ramo  in  Pui'I  lahons 

In  1930, 1  made  a  study  of  the  sex  ratio  in  rattlesnake  populations  (Klaiiber,  193()b, 
pp.  8-1'?)  and  diiw  thisc  (  ont  lusions,  which  have  subsequently  been  strengthened 
by  the  rt  seaidus  ol  oilu  r  -workers: 

1.  At  birth,  tiie  sexes  are  approximately  ecjiuil  in  numbers. 

2.  There  is  a  slightly  higher  mortality  among  the  females,  which  leads  to  an 
excess  of  adult  males  of  about  10  per  cent. 

3.  Owing  to  a  greater  activity  of  the  males,  particularly  in  the  summer  and  early 
autumn  when  the  females  are  heavy  with  young,  collectors  capture  more  males 
than  females,  so  that  the  adult  males  in  collections  average  about  40  per  cent  in 
excess  of  the  females. 

Some  statistirs  tiiat  veiilv  tluM  conrlusions  are  as  follows:  Among  1,191  vciung- 
of  the  \car  (M)me  of  whiih  coiiipi  ised  broods  ^\■hile  the  rest  wvrv  (ollecud  at  dens) 
there  were  1:ki  males  and  736  females,  a  2.(>  per  cent  surplus  ol  males.  T  his  is  not 
a  statistically  significant  departure  from  an  equal  division. 

I  have  accumulated  scale  counts  on  more  than  12,000  rattlesnakes  of  all  species 
and  ages;  among  these  the  males  exceeded  the  females  by  24  per  cent.  A  tabulation 
of  species  sliows  this  male  surplus  to  be  characteristic,  not  only  of  raiiliMKikcs 
generally,  but  of  each  individual  species,  or  at  least  all  of  those  of  which  im  dium 
to  large  series  weie  available.  Tf  oidy  adults  are  included,  so  as  to  elimiiiafr  the 
dihning  elket  of  the  juveniles  on  the  statistics,  the  male  surplus  is  usuallv  between 
40  and  .')()  per  cent.  Fitth  (1919a,  p.  320),  in  his  studies  of  the  norther n  racihc 
rattlesnake  (C.  v.  oreganus)  at  the  San  Joaquin  ilxperimental  Range  in  Madera 
Ck>unty,  California,  found  a  male  excess  of  29  per  cent  among  the  young-of-the- 
year,  and  40  per  cent  in  the  older  population.  Julian  (1951,  p.  21),  in  his  work  on 
the  Great  Basin  rattlers  (C.  v,  lutosus),  determined  the  sex  ratio  to  be  unity  at 
birth,  but  with  17  per  cent  i  xc  css  males  in  the  population  as  a  whole. 

Detailed  studies  of  certain  ol  the  commoner  species  of  rattlers  have  indicated  a 
seasonal  cfTect  in  (olleding,  for  the  male  ratio  in  catches  is  particularly  high  in 
the  smnmer  :uul  fall.  Fitch  and  Twining  (19  If*,  p.  OS)  ;ind  Finh  ;ni(l  (.lading 
(1917,  p.  lOG)  state  that  the  ;icli\ilic  s  ol  adult  lemale  n(JilIieiu  Pacific  laltlesnakes 
are  much  reduced  from  July  to  October.  F\idenily  the  females  remain  hidden 
whUe  carrying  young  and  thus  escape  capture.  A.  M.  Jackley  informed  me  that 
male  prairie  rattlers  (C.  v.  viridis)  were  the  first  out  of  the  dens  in  the  spring;  and 
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an  eai  ly  male  activity  has  been  observed  among  the  southern  Pacifies  (C.  V.  helleri) 
and  l  td  diamonds  (C.  r.  ruber)  in  San  Diego  County.  Iloucvcr,  it  may  not  be  true 
that  the  ni;de  surphis  is  only  an  ap|)arent  one  because  the  gravid  females  remain 
concealed.  Julian  (1951,  p.  21),  in  his  studies  of  (ireat  Hasin  lattlcrs  (C  t'.  Iut<jsu.'>) 
at  a  den  in  Utah,  learned,  by  marking  and  subsequently  reca[>turing  the  same 
snakes,  that  the  females  are  shorter-lived,  on  the  average,  than  the  males.  Studies 
of  European  vipers  by  Vols0e  (1944,  p.  43)  indicate  the  maintenance  of  a  more 
even  sex  ratio  throughout  life  than  is  evident  among  rattlesnakes. 

Thus  we  may  reiterate  the  conclusions  reached  in  1936:  The  sexes  are  born  in 
equal  numbers;  females  are  subject  to  a  slightly  higher  mortality  so  that  the  adult 
male  excess  is  about  10  per  cent;  and,  fuially,  females  are  concealed  in  the  summer 
when  carrying  young  and  are  less  often  cajjtured  by  collectors,  so  that  males  exceed 
lemalcs  in  coiled  ions  bv  about  -H)  pet  cent. 

A  study  of  the  sex  distribution  within  brootls  iiKlicaicd  that  theie  is  less  of  an 
evenly  balanced  distribution  than  would  be  expected  from  chance  alone;  that  is, 
broods  tend  to  run  toward  higher  proportions  of  either  males  or  females  than 
would  be  expected  from  the  binomial  formula  (Klauber,  1936b,  p.  12). 

Travfi  iNG  I.N  Pairs 

Although  the  belief  that  rattlesnakes  travel  in  pairs  has  had  wide  popular  accept- 
ance, pro1>nblv  abetted  by  the  classic  storv  in  Ilnrklcbrvry  Finn  (first  ed.,  chap. 
10,  p.  80),  ii  is  n(}t  generally  credited  by  herpetologists,  except  as  possibly  being 
true  of  a  relatively  short  mating  seastm. 

The  idea  that  various  kinds  of  snakes  travel  in  pairs  is  very  old.  Pliny  (1855-57, 
vol.  2,  p.  286;  book  viii,  chap.  35;  Topsell,  1608,  p.  59;  1658,  p.  434)  stated  that 
asps  always  roam  in  pairs,  and  that  either  would  burst  through  any  barrier  to 
avenge  an  injury  to  the  other.  Bartholomaeus  Anglicus  (Steele,  1905,  p.  142)  said 
that  the  avenger  could  unerringly  pick  the  culprit  out  of  a  crowd  of  men,  a  feature 
of  the  myth  still  current.  These  stories  were  often  told  of  the  Ku!o[)ean  viper. 
However,  the  myth  is  world-wide;  for  example.  Prater  (1933,  pp.  469,  473)  men- 
tions its  application  to  the  cobra  in  India. 

As  was  to  be  expected,  the  finding  of  piuvs  of  rattlers  together,  not  an  unusual 
occurrence  in  spring,  soon  led  to  the  application  of  the  tale  to  rattlesnakes.  As 
early  as  1752-53  Kalm  (p.  317;  1758,  p.  291)  stated  that  rattlers  were  generally 
found  in  pairs;  and  this  has  since  been  reiterated  unnumbered  times  (e.g.,  Bingley, 
1803,  p.  78;  Tome,  1928.  p.  115,  but  written  about  1800)  down  to  the  present 
(McGuire,  19!?0,  p.  93:  Rutledgfi  1931,  p.  646;  1946,  p.  231). 

A.  M.  Jacklcy  had  this  to  sav  about  the  frecpicncy  witfi  which  he  had  encoun- 
tered paired  rattlesnakes  and  the  significances  of  such  occurrences: 

There  is  no  c\i<Iciicc  ihal  prairie  ranters  arc  intliticd  lo  leaxe  tlic  dens  for  ilicir  siiniiiu'r 
ranges  in  pairs,  even  thougli,  to  a  considerable  cxieni,  ilicy  fuliuw  one  another.  When  leav- 
ing the  den,  their  immediate  concern  is  to  obtain  food,  and  having  secured  it,  they  seek  a 
safe  place  to  stay  until  the  food  is  digested.  As  suitable  refuges  are  not  plentiful  on  the 
prairie,  such  a  resting?  place  mnv  l>rfoiiic  a  ijattici inir  point  lor  two  or  even  n<;  manv  as  six. 
I  find  them  in  pairs  more  otien  in  Uieir  uiaUng  season  in  Scpicnibcr  than  in  laie  May  or 
in  June.  In  fact,  finding  them  in  pairs  between  August  15th  and  through  September  is  a 
cnmmon  experience.  [Mr.  Jacklcy  presented  e\idence  to  show  that,  in  South  Dakota.  Tattlers 
mate  in  the  fall  radicr  tlian  in  the  spring,  as  is  the  case  in  southern  California.] 
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Sc\-cral  of  my  correspondents  afifirm  their  belief  tiiat  rattlers  do  usually  travel 

in  pairs: 

It  is  my  opinion  that  rattlers  rarely  travel  :ilf  nr  I  l..i\c  killed  a  great  many  and  when  you 
kill  one  you  can  usually  fuid  another  within  a  ladius  uf  a  few  feet  to  a  few  hundred  yards. 

When  I  am  working  in  a  rattlesnake  country  during  the  mating  season,  and  hear  or  see  a 

rattlesnake.  I  always  make  sure  there  is  but  one  snake  before  I  try  to  kill  that  one,  for  I  have 
had  some  narrow  escapes  from  being  bitten  by  the  mate  that  was  coiled  and  hidden  dose  by* 

and  did  not  warn  me  by  rattling. 

In  the  earlier  day^  I  killed  many  rattk-snakis  and  learned  that  often  when  I  killed  a  large 
one,  if  I  hunted  around,  I  found  another  nearby. 

-o- 

InvariaUy  when  one  rattler  is  found,  another  is  dose  by.  This  is  particularly  true  in  August 
and  September. 

It  should  be  observed  that  the  story  that  rattlesnakes  travel  in  pairs  is  both  true 
and  false;  it  is  a  matter  of  degree,  for  sometimes  they  do,  but  more  often  they  don't 
Rarely  a  rattler  will  be  found  lying  beside  another  recently  killed,  and  diis  has 
led  to  the  belief  that  they  do  this  invariably,  awaiting  a  chance  to  avenge  the  late 

lamented. 

That  rattlesnakes  may  be,  and  frequently  are,  found  together  during  the  mating 
season  is  iniqiicsiioned;  but  that  they  travel  in  pairs  at  other  times  rt^qiiircs  more 
than  verification  by  an  occasional  encounter.  Only  the  acciuiiulation  of  a  con- 
siderable body  of  statistics  can  verify  a  belief  of  this  kind.  Unfortunately,  a  person 
with  a  pFMcmceived  notion  respecting  a  habit  of  this  nature  will  unconsciously 
remember  the  occasions  when  two  rattlers  were  found  near  each  other  and  will 
forget  the  times  when  only  one  was  observed.  And  again,  when  two  are  found 
together— whidi  is  not  unusual — are  they  a  pair?  After  all,  rattlesnakes  are  some- 
what gregarious,  especially  near  the  denning  season. 

Any  territory,  favorable  from  the  standpoint  of  food  and  hiding  places,  is  likely 
to  (ontiiiii  several  snakes,  yet  they  may  be  entirely  without  attachment  lor  each 
Other;  ni  iaci  we  may  be  sure  that  creatures  with  so  low  an  order  of  intelligence 
will  have  no  such  attraction  outside  of  a  brief  mating  season.  It  is  doubtful  that 
the  many  persons  who  have  reported  snakes  seen  traveling  in  pairs  ever  stopped 
to  determine  whether  the  two  found  together  did  indeed  comprise  a  pair,  or 
merely  assumed  this  to  be  the  case.  On  several  occasions  I  have  found  two  red 
diamond  rattlers  (C.  r.  ruber)  together  and  they  have  almost  as  often  been  of  the 
same  sex  as  of  opposite  sexes.  I  remember  having  found  two  large  king  snakes 
together  imder  a  small  pie(  e  of  she  el  tin  in  the-  spiing.  I  natinally  assumed  that  they 
were  a  mating  pair,  m  l  both  provetl  to  be  females.  Had  such  a  check  not  been 
made,  this  would  have  been  airothcr  verification  of  the  habit  of  traveling  in  pairs. 

Of  course  no  one  doubts  that  rattlesnakes  are  found  paired  during  the  mating 
season,  and  at  this  time  a  male  will  often  be  seen  following  a  female.  Fitch  and 
Glading  (1947,  p.  110;  Fitch,  194da,  p.  517),  on  the  San  Joaquin  Experimenul 
Range,  reported  that,  in  two  successive  years,  the  rattlers  found  in  pairs  comprised 
26  per  cent  of  all  the  adult  rattlers  encountered  during  the  same  period.  Bogcrt 
states  that  paired  trails  are  seldom  seen  in  the  desert  by  the  professional  collectors 
who  follow  trails  as  a  fruitful  method  oC  catching  rattlers.  Mosauer,  in  his  cxten- 
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live  studies  of  the  activities  of  desert  reptiles,  found  only  one  instance  in  liviiich  a 
pair  of  rattlesnakes  roamed  about  to<;c(hcr  (19351),  p.  21). 

That  rattlers  always,  or  even  frctjuently.  travel  in  ])airs  is  an  exaggeration;  that 
the  sur\ivor  of  a  pair  will  untiringly  and  uneiiingly  seek  out  and  destrtn  the 
person  who  killed  its  mate  is  pure  myth,  for  no  rattler  has  the  degree  of  intelligence 
implied.  As  for  this  myth,  it  has  grown  out  of  the  fact  that  in  the  mating  season 
a  male  occasionally  has  been  seen  to  court  a  freshly  killed  female.  From  this  small 
and  unusual  beginning  have  come  the  stories  of  the  avenging  rattler  that  follows 
the  body  of  its  mate  over  any  devious  course  through  which  it  may  have  been 
carried,  until  we  come  to  the  tale,  said  to  be  of  Indian  origin,  of  the  human  mur- 
derer who  uses  the  vengeance  of  a  rattlesnake  to  achieve  his  own  by  dragging  the 
body  of  a  dead  rattler  through  the  bedroom  of  an  t  iiemy,  assured  that  the  mate 
will  follow.  Several  other  stories  of  this  type  will  be  found  in  another  chapter  (p. 
1244).  Dalog  (1897,  p.  202)  recounts  the  Venezuelan  belief  that  if  one  rattler  of  a 
pair  be  killed,  its  mate  will  search  out  an  herb  wherewith  to  restore  its  life.  The 
relationship  of  this  myth  to  that  concerning  the  rattlesnake,  the  black  snake,  and 
the  dastardly  onlooker  (see  p.  1241)  will  be  recognized  at  once. 

Clark  (1928,  p.  142)  cites  the  traveling-pair  story  as  an  example  of  Mississippi- 
Florida  folklore;  and  Brendle  and  linger  (1935,  p.  200)  list  it  as  a  belief  of  the 
Pennsylvania  Germans.  There  is  no  df)ubt  that  it  is  believed  in  evciy  section  of 
our  countiy.  In  the  spring  of  1951,  a  raitki  was  fcjund  in  a  downttnvn  I.os  .\ngcles 
apartment.  The  snake  was  destroyed  by  an  oflicer  from  the  appropriate  city  depart- 
ment, but  when  a  search  of  the  premises  failed  to  disclose  the  inevitable  mate,  the 
occupant  left  to  spend  the  night  elsewhere.  Other  references  of  some  interest  in 
this  connection  are  Catlin  (1868,  p.  13),  Kennedy  (1942,  p.  38),  Devoe  (1945,  p.  486), 
Meek  (1946,  pp.  23-25,  133),  Stimpson  (1948,  p.  287).  and  Field  and  Stream,  (vol. 
51,  no.  1,  p.  176,  1946). 

The  Male  Combat  "Dance" 

The  combat  "dance"  «)f  snakes — rattlesnakes  among  tlieni — is  an  allair  wherein 
the  obvious  isn't  the  truth,  and  the  truth  is  stranger  than  tiie  obvious.  Even  the 
title  assigned  to  this  weird  performance  is  of  doubtful  applicability,  since  "com- 
bat" poorly  describes  a  bout  that  nearly  always  ends  in  a  draw,  with  neitlier  par- 
ticipant injured;  and  "dance"  is  hardly  appropriate  to  a  sparring  or  wrestling 
match  between  creatures  with  neither  arms  nor  legs.  But  the  stylistic  gyrations  of 
the  performers  suggest  a  symbolic  dance,  and  as  the  term  "dance"  has  been  applied 
to  the  exhibition  by  those  who  have  most  often  observed  it,  dance  it  shall  be,  here- 
after without  the  (piolaiion  marks. 

I'he  combat  dance  has  been  obser\cd  in  seveial  families  of  snakes  and  on  all 
the  continents,  from  which  wc  may  infer  that  it  is  an  extremely  ancient  institution, 
going  back  to  the  dawn  of  snake  history,  before  the  ophidian  world  had  differen- 
tiated into  the  dozen  or  more  families  and  hundreds  of  genera  that  exist  today. 
The  reason  this  inteiesting  performance  has  been  so  inhrequently  mentioned  in 
po))ular  accounts  of  snake  activities  is  because  the  dance  was  thought  to  be  an 
actual  mating  and  therefore  appiopriate  f)nlv  tf)  the  more  Kinsev-like  ivpes  of 
scientific  pul)!  i(  at  ions.  This  is  why  I  used  llie  w  ord  'Vjbx  ious"  in  the  inlrcKiuc  lory 
remark;  snakes  linked  together  or  twisted  about  each  other  arc  obviously  mating, 
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and  so  it  was  assumed,  beginning  with  Aristotle  ((^leswell  translation,  18G2,  p.  103; 
Peck  translation,  ][){'',,  p.  123),  down  through  the  Arabian  natiualist  Damiri  of 
the  fourteenth  centuiy  (Jav;ik:n  ,  1906-8,  vol.  1,  p.  634),  and  Topsell  (1608,  pp.  9, 
291;  1658,  p.  802)  almost  to  tiie  present. 

It  is  probable  that  one  of  the  most  ancient  of  insignia,  the  caduceus,  wliich  dates 
back  to  Sumerian  times  of  about  2S50  b.c.  was  originally  based  on  fighting  rather 
than  mating  snakes,  as  generally  supposed  (Budge,  1950,  pp.  488, 490;  Gershenfeld, 
1930,  p.  190).  Brief  histories  of  the  caduceus  and  the  evolution  of  its  symbolism 
will  be  found  in  Howey  (1928,  p.  71)  and  Potter  (1037,  p.  7).  The  literature  of  this 
device,  which  has  descended  to  us  as  a  symbol  of  the  medical  profession,  is  very 
extensive. 

'I  lic  ap))! e(  iation  of  the  distinction  bet\veen  the  male  daiuc  .mil  matinj?  came 
slowly.  \  intent  Richards  (1885,  p.  9;  1886,  p.  12)  lecognized  that  male  cobras 
would  fight,  while  raised  up  anteriorly,  and  that  "neither  of  tlie  combatants  ever 
seemed  the  worse  for  the  fight."  Kopstein  (1914,  p.  589)  and  Reuss  (1926.  p.  42)  dis- 
cussed male  combats  among  vipers,  and  Reuss  presented  a  series  of  photographs 
of  Vipera  berus  males  engaged  in  combat.  McOnn  (19S5,  p.  400),  in  the  case  of 
the  East  Indian  rat  snake,  and  Fleay  (1937,  p.  40),  in  that  of  the  venomous  Aus* 
tralian  black  snake,  demonstrated,  by  anatoiTtical  examinations  of  the  participants, 
tliat  intertwined  pairs  of  these  snakes,  usually  assumed  to  be  mating,  were  actually 
both  males. 

As  in  oilu  r  kinds  of  snakes,  the  dances  of  rattlesnakes  were  long  a.ssumed  to  be 
either  matings  or  courtships  preliminary  to  mating.  Bromley  (1954,  p.  43)  did 
describe  an  autumn  comlmt  between  two  northern  Pacific  rattlers;  and  Oren 
Arnold  (1935,  p.  133)  obser\'ed  that  male  rattlers  wrestled  with  each  other.  How- 
ever, it  remained  for  Shaw  (1948,  p.  137;  1951,  p.  149).  Lowe  (1948,  p.  129),  and 
Lowe  and  Norris  (1950.  p.  1)  to  appreciate  fully  and  to  distingtiish  the  male  dance 
from  coiiitship  and  matin<;  patterns,  and  to  propose  reasons  loi  the  dance.  Other 
descrihcrs  of  the  dance,  some-  of  whom  th<>UL;lil  ii  a  j)arl  of  the  couitship  patt-  rn, 
while  others  (since  the  appearance  of  the  .Shaw,  I.owe,  and  Xonis  papeis)  have 
understood  that  only  males  were  involved,  ha\e  been  Davis  (1930,  p.  267),  I.owe 
(1942,  p.  261),  Kennedy  (1942,  p.  191),  Pccjuegnat  (1945,  p.  6),  Gloyd  (1947,  p.  1; 
1948,  p.  1),  Foree  (1949,  p.  5),  Whisenhunt  (1949,  p.  1),  Dayton  (1949,  p.  31).  and 
Crites  (1952,  p.  60). 

Some  of  the  descriptions  of  the  dance  that  I  have  received  from  my  con-espond- 
ents  follow: 

As  often  as  2r>  tiims  or  more,  I  have  seen  lame  spc<inuns  of  the  cancbrake  raillcsnakc 
{Crolnln<i  hnrridus  atricauttalm)  fighting.  al\vn\s  in  the  fall  of  the  vcnr.  nnd  have  watched 
these  hglus  suniclintcs  for  as  long  as  a  half  hour  or  more.  I  licir  nicthoil  of  fighting  is  to 
face  each  other,  put  the  sides  of  the  heads  together,  and  frradually  rear,  still  facing  each 

otlirr,  with  the  ncrks  in  a  lialf  linn  aroun<l  cacli  oilier.  \Vlien  the  snakes  air  a>  hi;^h  as  thcv 
can  reach  into  the  air,  wliich  in  a  large  specimen  ivill  he  as  nuich  as  three  leei,  one  Avill  give 
a  lurdi  upward  and  then  bring  its  entire  weight  down  across  the  neck  of  its  opponent,  slam- 
ming it  on  the  ground  with  consldeialtle  force,  evidently  to  injure  the  opponent.  If  the 
attempted  daniat^c  fails,  the  snakes  aL'ain  i  in-  in  the  same  manner,  and  \hc\  \\  \\]  eontinne 
lUinnping  each  other  against  tlie  ground  until  both  become  weary,  whereupon  ihey  with- 
draw in  different  directions.  In  the  many  encounters  Aihich  I  have  witnessed,  I  have  never 
seen  a  snake  injured  or  run  away.  The  battle  has  always  ended  in  a  draw.  E.  A,  Mcllhenny, 
Avery  Island,  La. 
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In  late  Jiilv.  15)2'^.  niinniiv^  fioin       Aii/ona  jouiiifv,  I  jjassrcl  thinip^li  die  lower 

Laguna  Mouiuains  in  San  Diego  County.  Il  was  late  in  the  evening,  suniciinic  after  sunset. 
One  of  the  lads  riding  with  me  exclaimed,  as  we  went  past  a  roadside  gully:  "I  just  saw  an 
octopus*  lying  tliere  and  it  was  moving  its  aims.  Howc\c  r  rmild  it  <;(  i  here  so  tat  from  the 
ocean?"  "TliatV  impossihlr,"'  I  said,  hut  the  lad  insisted  he  liail  had  no  dream.  Stnppini^  the 
car,  we  walked  back  and  there  was,  indeed,  an  ociupiis-like  tangle  o[  arms,  but  consisting 
of  two  rattlesnakes  coiled  atwut  one  another.  They  soon  uncoiled  and.  now  separated,  began 
a  most  weird  and  gentle  scries  of  antics.  The  head  and  at  least  a  third  of  the  body  of  each 
was  raised  iipri.ilit  and.  in  a  sort  of  ilnthiiiic  uni";on.  thrv  swavcd  liark  and  forth  l)cforc 
one  another.  K\eiy  few  minutes,  they  would  make  passes  at  eath  other,  eiidnuce  (neck  and 
head  separate)  and  then  recede— only  to  repeat  the  odd  performance.  This  we  watched  at 
close  range  with  the  ser]Knts  ]iaying  no  attention  whatever,  either  to  our  motions  or  spirited 
conversation.  .After  about  half  an  hour,  it  became  so  dark  wc  could  scarcely  sec  tliem. 
£.  Jaeger,  Riverside  Junior  College,  Riverside,  Calif. 

o 

In  July  1913,  on  Boiver  Mountain  in  Perry  County,  Pennsylvania,  I  was  driving  down  the 

side  of  the  mountain  ishtii  I  luxitfd.  ahead  of  me.  somethinu;  tnnisual — slim  ol)jccls 
projecting  above  some  grass  along  the  side  of  the  road.  As  I  approaclied  moic  closely,  I  saw 
they  were  rattlers.  About  half  of  the  bodies  of  the  two  snakes  were  w tapped  around  each 
other  like  two  ropes  twisted  together.  The  head  and  remainder  of  the  bodies  were  in  an 
upriglu  position  alnint  four  inches  apart.  The  two  snakes  would  lav  their  heads  to^^cthcr 
for  a  few  seconds  tlicn  ily  apart  so  quickly  il  uas  hard  to  catch  the  moxenients  with  the  eye. 
This  took  place  six  times  while  I  sat  in  the  car  with  amazement,  as  this  was  the  first  time 
I  had  e\cr  witnessed  such  a  sight.  1  hen.  both  snakes  settled  down  into  the  grass  by  the  road- 
side. I  slioi  I  he  tuo  Av  ilh  a  .22  rifle  ;in<l  u  hen  I  walk(  <l  a  few  steps  to  pet  a  itick  to  plarc  the 
snakes  in  the  open  road,  a  third  rattler  started  rattling  at  me  close  by.  He,  too,  met  the  fate 
of  the  others.  C.  V.  Dong,  State  Fish  Warden,  East  Waterford,  Pa. 

I  once  saw  two  snakes  twined  about  each  other,  with  ht  ads  Aa\  up  in  the  air,  i^oing  through 
a  lot  of  foolish  antics,  iMibhini;  amnnd  this  wav  and  that.  I  wiis  mowing  alfalfa  hay  at  the 
time  and  couldn't  make  out  at  lirst  what  the  obj<.'ct  uas  that  showed  above  the  standing  hay. 
But  when  I  got  closer.  I  saw  it  was  two  rattlesnakes.  /.  Fred  Toman,  Bowers,  Mcnt. 

Chalks  K.  .Aiiiokl  ol  San  Dici^o  has  t;ivcn  luc  his  notes  on  the  dance  of  two 
noiUicrn  I'acilu  laiilcis  (C.  i'.  on'gunus)  seen  by  liiiii  iotii  niiks  cast  ot  Coyote, 
Santa  Clara  County,  Califmnia,  at  sundown  on  September  21,  1901.  The  snakes 
were  raised  well  above  the  surrounding  stubble  which  was  about  one  foot  high. 
The  lower  parts  of  their  bodies  were  apparently  twisted  together,  and  the  heads 
were  lunging  at  each  other. 

The  foHowing  observation  is  quoted  from  the  report  of  the  Death  Valley  Expedi- 
tion (C.  H.  Mcn  iam,  in  Stejnegcr,  1893,  p.  215): 

When  passing  ihiou'^h  Fmi^tant  C  anon  in  ihe  Panamint  Moiuitains  in  (  alilomia,  .\piil  I  'l. 
two  large  rattlesnakes  were  killed  at  one  sliol  b\  Mr.  Stephens,  at  an  altitude  ol  1,100  meters 
(4,600  feet).  They  were  on  a  ledge  of  rock,  and  were  standing  erect  with  their  heads  near 
together,  apparently  playing; 

These  rattlesnakes  were  of  the  subspecies  now  known  as  the  Panamint  rattle- 
snake  (C.  m.  stephensi).  I  have  examined  the  specimens,  now  preserved  in  the 

Smithsonian  Institution,  and  found  both  to  be  males.  .Although  Merriam  did  not 
state  tiiat  these  t  ank  i  s  \vcre  mating,  siibsc(]iient  writers  (e.g..  Noble,  1937,  p.  716), 
in  reprinting  tlie  incident,  have  assumed  tiiat  they  were. 

*Once,  as  I  was  drivlni^  alonjj;  a  hilly  liatk-country  road  watching  for  snakes,  I  saw,  l\ing  on  the 
pavement  what  appeared  to  be  a  dead  octopus.  Of  course  1  backed  up  to  make  an  examination.  It 
was  an  octopus. 
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Mrs.  Harry  Dayton  wrote  mc,  elaborating  at  my  rcciucst,  on  a  brief  account  of 
a  dance  that  liad  been  published  in  Wyoming  Wild  Life  (vol.  13,  no.  10,  p.  31, 

November,  1949): 

The  observation  of  tlic  queer  rattlesnake  j)ei  fortnance  was  made  last  ,\n<iu>~r  on  our  ranch 
in  the  Little  Bear  cuunlry,  3j  miles  iiurlh  ot  Cheyenne.  \Vc  were  quite  a  di:>lance  trom  the 
snaket  when  we  became  aware  of  a  slight  ranling  sound,  not  like  a  snake's  rattle,  but  just 
a  whisper.  Then  we  saw  the  snake  heads  np  in  the  air  alx)ut  a  foot  apart.  Wc  watched  them 
for  several  mintites  while  they  lunj^rd  playfully  at  each  otlier,  twisted  around  each  other, 
drew  back  and  came  close  again,  lay  on  the  ground  and  raised  up  again,  paying  no  atten- 
tion whatever  to  us.  We  snapped  two  pictures.  After  a  while  the  snakes  started  coming 
toward  us,  still  apparently  not  seeing  us,  so  we  killed  them. 

The  pictures  of  this  incident  show  two  prairie  rattlesnakes  (C.  v,  viridis),  with 
their  bodies  rising  vertically  £rom  the  grass  and  with  their  heads  facing  each  other 
(which  required  a  90^  angle  at  the  neck)  at  a  distance  of  about  six  inches.  I  have 
seen  several  other  photographs  taken  of  dancing  rattlesnakes  in  the  wild,  and  it  is 
easy  to  sec  how  ilic  wayfarer's  attention  is  caught  by  these  weaving  vertical  bodies, 
sticking  up  out  of  grass  or  stubble.  Sucli  a  fieki  {)hotogia])h  is  j)icscnted  here  (fig. 
10:3);  this  was  taken  by  E.  \V.  Cottam  of  two  dancing  jnairie  rattlesnake^  lound 
40  miles  south  of  Mountainair,  New  Mexico.  .Another  jiholograph  showed  two 
western  diamonds,  as  illustrated  by  Gloyd  (19-18,  p,  1)  and  Force  (1949,  p.  5). 

The  most  complete  description,  thus  far  published,  of  the  dance  as  executed  by 
captive  snakes,  was  that  of  Charles  £.  Shaw  (1948,  p.  137).  Mr.  Shaw  has  been  kind 
enough  to  prepare  a  condensation  of  his  account,  which  is  presented  herewith, 
together  with  the  photographs  (figs.  I0:4a  to  10:4h)  by  G.  £.  Kirkpatrick  that 
accompanied  the  original  description: 

On  Fiidav.  Dcceinhcr  IP.  1917,  an  :i(hilt  male  red  diauioiu!  rattle-inake  (Cmuihii  r.  nihrr'S 
was  added  to  the  collection  at  the  Reptile  House  and  placed  in  a  display  cage  with  two  other 
males  of  the  same  subspecies.  The  latter  ^edmens  had  been  born  at  the  Reptile  House  on 
August  14, 1941,  and  were  then  approximately  fOur  feet  in  length.  To  our  knowledge  neither 
of  tlu>c  (.i|>tive-lin<i  males  had  heretofore  attempted  to  cngai-e  the  other  in  a  dance. 

On  Sunday,  December  21,  1947,  about  4  p.m.,  it  was  noticed  that  the  two  captive-bred 
males  were  acting  in  a  pec  uliar  manner.  It  soon  was  obvious  that  we  were  witnessing  either 
the  initiation  (li;;.  10:  hi)  of  a  combat  dance  or  a  re-commcnceraent  of  it  after  a  short  recess 
by  the  engai^rd  male's.  The  snakes  faced  in  the  same  dircition,  one  oxt  ihinj;  the  body  of 
the  other  (lig.  10:4b).  Both  uerc  nervously  alert  with  tongues  llicking  out  frecjuenlly.  and 
heads  and  necks  weaving  rather  slowly  from  side  to  side.  The  heads  of  both  were  held  up- 
ward al  ail  :m  ;lr  of  about  I")".  I  hc  uppermost  male  had  the  anterior  portion  of  his  body 
raised  so  iliai  his  head  was  iield  slij;hlly  behind  and  about  three  indu-s  above  tliat  of  the 
loivcr  male,  whose  head  and  neck  were  raised  otd)  an  inch  or  two  uti  the  Hour,  i  he  upper 
male,  lying  with  his  body  draped  over  that  of  his  partner,  lowered  his  head  until  it  touched 
the  other's  head,  whereupon  the  lower  male  immediately  elevated  the  anterior  third  of  his 
body  to  a  height  of  12  to  1')  inches  above  the  caf^c  floor,  the  upper  male  rising  simidtaneously 
and  maintaining  his  superior  position.  1  he  raised  portion  of  the  lower  n)alc  was  consider- 
ably recurved  so  that  only  the  top  of  his  head  contacted  the  ventral  surface  of  the  upper 
male  (Ct'j,.  10:  k).  l>oth  males  apparently  pushins;  /one  forward,  the  other  bac  kward)  at-ain't 
one  another  with  a  strong,  even  pre.ssure.  i  iiis  position  was  muintuincd  for  a  few  seconds 
until  the  lower  male  lost  his  purchase  and  sli|)ped  off  the  ventral  surface  of  his  opponent. 
There  ivas  then  an  attempt  of  the  snakes  to  entwine  their  necks,  l)olh  making  lateral  un* 
thilatory  motions  witli  the  iiiiscd  jjoriions  t)f  tlieir  IxkUcs.  wliile  ])ressiiu4  a'^ainst  <»ne  an- 
other. Occasionally  one  participant  was  apparently  cau^iit  oil  balance  and  pushed  downward, 
but  there  was  no  e\'ident  attempt  at  this  lime  by  either  male  to  throw  the  other  forcefully 
to  the  floor. 
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After  scvcia!  minutes  of  sparring  in  this  fiuhion,  the  uppermost  male  left  his  position 
overlying  ilir  liody  of  the  other  male,  crawled  over  to  a  forward  corner  of  the  cage  and  then 
nosed  along  the  glass  front  until  nearly  opposite  the  other  male,  which  was  lying  flat  on  the 
floor  and  near  the  Ciont  center.  At  this  approach,  both  snalies,  about  one  foot  apart  and 
facing  each  oiht-r,  a^sl^ncd  an  elevated  position  ai^ain,  the  forward  third  of  the  body  of 
each  again  being  approximately  12  to  15  inches  off  the  floor,  the  raised  portions  In-ing 
strongly  recurved  and  inclining  at  a  steep  angle,  with  heads  held  at  about  a  45°  angle.  1  here 
was  little  flicking  of  tongues  after  the  dance  was  well  under  way.  Both  snakes  weaved  rather 
unsteadily  from  side  to  side  in  this  aukuard  appcaring  position,  until  the  raised  and  re- 
curved portions  of  the  bodies  were  straightened  vertically  and  then  lowered  toward  one 
another  until  both  snakes  were  touching  scutes  to  scutes  for  a  short  distance  several  inches 
behind  the  head  (fig.  10:4d).  The  heads  were  still  being  held  at  the  45*  angle.  At  the  moment 
of  contact  of  tfie  snakes,  the  entwining  response  was  elicited,  but  neither  male  scciiicd  in- 
clined to  force  the  raised  anterior  portion  of  the  other  to  the  floor  in  a  violent  manner; 
rather  there  was  a  continual  lateral  undulation  of  the  raised  bodies,  neck  twining,  and 
untwining,  a  constant  sparring,  with  an  evident  forceful  pushing  of  the  snakes  aj^inst  one 
another.  With  the  forward  part  of  the  hodv  still  raised,  one  of  the  males  turned  away  from 
his  opponent  and  toward  the  window  of  the  cage,  pausing  for  a  few  moments  in  a  raised 
position,  motionless  except  for  a  peculiar  rapid  rippling  muscular  movement  of  the  lower 
lateral  surface  of  the  neck  about  three  or  four  inches  behind  the  head.  Thb  combat  dance 
was  noted  for  approximately  IT)  minutes  .ind  its  conrlusion  was  not  observed. 

Ihc  recently  introduced  male  was  completely  indifferent  to  the  activities  of  the  two 
combatant  captive-bred  males. 

On  January  4,  1948.  again  at  about  4  p.m.  (the  time  coincidence  is  indicative  of  our  own 

activities,  not  necessarih  those  of  the  snakes')  these  t\\o  raptive-hred  male  red  diamonds 
were  again  noted  while  performing  their  combat  dance.  One  of  the  snakes  was  definitely  the 
aggressor,  and  the  other  snake,  although  joining  willingly,  did  not  initiate  the  dance.  On 
this  ooasion  there  was  more  of  the  "scutes  to  scutes"  position  (fig.  I(h4d)  with  the  snakes 
faring  each  other,  rather  than  an  assumption  of  a  superior  position  (fig.  10:4b),  behind  and 
overlying  his  opponent,  on  the  part  of  the  aggressive  male.  Both  snakes  had  the  anterior 
one-third  of  the  body  laiied  about  12  to  15  indies  off  the  floor  surface  of  the  cage.  The 

licads  were  inclined  upward  as  before,  ihc  stinkcs  remaining  nearly  motionlcM  in  this  posi- 
tion for  several  moments,  and  then  bcginninj^  what  appeared  to  be  an  aimless  s\va\ing  of 
the  head  and  neck  from  side  to  side.  Contact  between  the  heads  or  raised  portions  of  the 
bodies  of  the  two  generally  brought  about  the  neck-twining  response  with  a  digfat  sidewise 
or  downward  push  of  one  snake  by  the  other.  Several  times,  with  the  anterior  parts  of  their 
IxKlies  erect,  bolh  snakes  remained  ncarlv  iiiolifnilcss  with  their  ventral  surfaces  in  contact, 
tu  all  appearances  leaning  upon  each  other  fur  support.  While  in  this  position,  the  snakes 
were  evidently  firmly  pressing  against  each  other,  until  one  or  both  lost  purdiase  on  the 
smooth  contacting  ventral  scutes  of  the  other  and  fell  to  the  floor  or  nearly  *^o  Cfig.  10: 4e). 
1  hese  contac  ts  did  not  result  in  the  neck  twining  as  is  customarily  the  case  when  the  snakes 
contact  each  other. 

Sudden  and  forceful  downward  or  sidewise  thrusts  of  one  male  by  the  other  were  not 
noted  until  the  aggressor  apparently  succeeded  in  twining  his  own  neck  twice  ai)Out  that  of 
the  other  male.  Immediately  this  advantage  was  achieved,  there  was  usually  a  violent  side- 
wise  or  downward  throw  of  the  opponent  resulting  from  what  appeared  to  be  a  quick 
lateral  undulatory  whippuig  movement  by  the  aggressive  snake.  This  motion  is  actually 
so  sudden  and  rapid  that  it  is  difTicull  to  observe  the  exact  method  by  which  one  snake 
throws  the  other.  The  opponent  was  usually  thix>wn  violently  downward  to  the  floor  of  the 
cage,  falling  either  upon  his  side  or  upon  his  back  (figs.  10:4f  and  10:4g).  Occasionally  thLs 
action  was  so  powerful  that  the  resultant  whack  of  the  snake's  body  on  the  floor  could  easily 

be  heard,  althoutih  the  observer  was  sep;iiatcd  from  the  snake  by  a  distance  of  aliout  4  feet 
and  also  by  the  plate  glass  front  of  the  cage.  This  dance  was  observed  for  about  25  minutes. 

Sulisequent  to  January  4,  1948,  these  two  snakes  were  observed  to  perform  the  dance 
nearly  every  day.  The  pattern  was  essentially  the  same  on  all  occasions.  The  same  snake 
continued  to  be  the  aggressor  in  all  dances.  There  also  seemed  to  be  more  frequent  violent 
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ihroiMiig  of  one  snake  by  tlic  other  than  had  been  noted  previously.  Sometimes  the  thrown 
snake  tell  to  a  position  in  which  citlicr  his  head  or  neck  was  directly  beneath  the  body  of 
the  other  snake,  in  these  instances  llie  snake  responsible  fur  the  iall  appeared  to  take  ad- 
vantage ot  the  fallen  male  by  firmly  holding  the  tatter's  head  or  neck  to  the  floor  (fig.  10:4h). 
The  fallen  male  invariably  experienced  condderabte  difficulty  in  extricating  himself  from 
this  position.  The  victorious  male,  hn^^■cvcr,  wns  never  observed  to  follow  up  his  success  by 
inflicting  any  sort  of  punishment  upon  the  fallen  male,  such  as  aitcinpimg  to  bite  him. 

Mr.  Shaw  (1948,  p.  138)  has  this  to  say  about  the  differentiation  of  the  dance 
from  the  mating  pattern: 

An  important  and  c-\idcntly  overlooked  difference  between  the  courtship  and  combat-dance 
patterns  lies  in  tlic  dci^rcc  of  parii( ipati<m  of  ihi-  individuals  contcrned.  ("oiut'Nhip  involves 
extremely  little  or  no  overt  response  of  the  female  to  the  male;  she  appears  completely  in- 
diflFerent  to  the  coaxing  of  her  would-be  mate.  By  contrast,  however,  the  male  combat  dance 
iinoivcs  vii;orous  performance  on  the  part  of  both  males,  even  though  it  shortly  becomes 
oiniuiis  iliat  one  of  them  is  definitely  the  aggressor  (though  not  always  the  victor)  during 
the  entire  daticc. 

Although  the  dance  and  mating  patterns  are  so  different  that  there  is  no  difficulty 
in  distinguishing  tlicm,  for  in  the  one  case  the  rattlesnake's  bodies  arc  raised  well 
above  the  ground,  while  in  the  other  they  lie  beside  each  other,  one  published 
report — that  of  W'hiscnhunt  (1019,  p.  1) — mentions,  in  a  single  observation,  atti- 
ttides  characteristic  of  boili  acii\iiics.  In  tliis  instance,  although  the:  snakes  were 
mating,  their  swaying  heads  were  raised  off  the  ground  about  IS  inches.  It  is 
thought  that  they  may  have  done  this  because  they  were  disturbed  by  the  intruder, 
or  had  temporarily  lost  their  balance. 

Published  reports  and  letters  from  correspondents  include  the  following  species 
and  subspecies  of  rattlers  as  having  been  seen  to  dance  in  the  wild:  western  dia- 
mond (C.  atrox),  red  diamond  rattler  (C,  n  ruber),  timber  rattler  (C.  h,  horridus), 
canebrake  rattler  (C.  h.  atrkaudatus),  Pananiint  rattler  (C.  m.  stephensi),  prairie 
rattler  (C.  v.  viridis),  southern  Pacific  (C.  w.  helleri),  and  northern  Pacific  (C.  V. 
orffTfifuis).  Theie  have  also  been  indeterminate  cases,  that  is,  dances  wherein  the 
participants  were  unidemi(i( d,  but  that  invohed  one  or  two  of  the  three  subspecies 
C.  T'.  hclloi,  C.  r.  ruber,  and  C.  in.  pyrrliiis.  Main  othei  ol)sei \ations  of  dancing 
rattlers  have  been  made  at  the  San  Diego  Zoo,  the  following  subspecies  having  been 
seen  to  dance:  C.  v.  viridis,  C.  v.  helleri,  C,  m.  pyrrhus,  and  C.  r.  ruber.  W.  T.  Neill 
advises  me  that  at  £.  Ross  Allen's  serpentaritmi  in  Florida,  atrox  is  frequently  seen 
to  dance,  but  adamanteus  does  not  dance. 

The  dancing  pattern  seems  to  be  the  same  for  all  species  and  subspedes  of  rat- 
tlers. 1  he  snakes  do  not  rattle  during  the  dance.  Bess  Kennedy  (1942,  p.  191) 
watdied  a  pair  of  western  diamonds  dancing  and  reported  that  they  rattled,  but 
she  ma V  have  alarmed  ihem.  Richardson  (H).S(),  p.  ir>)  and  Jotics  (1917,  p.  19)  have 
reported  that  the  \i(  ior  eats  the  \ancjuishcd,  which  is  certainly  not  true. 

Daiu  ing  is  not  restiictcd  to  a  single  season  of  the  year,  as  will  be  observed  from 
these  1 1  coi  lied  dates: 

Mardi  13,  C.  v.  helleri  or  C.  r.  ruber,  at  Miramar,  San  Diegu  County,  Calif. 
April  I6k  C.  m.  stephensit  Panamint  Mountains,  Calif. 
April  20,  C.  V.  viridis,  near  Harlowtoiw  Mont. 

July.  C.  V.  helleri,  C.  r.  ruber,  or  C.  m.  pyrrhus,  Laguna  Mountains,  San  Diego  County,  Calif. 
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July,  C.  h.  horriduSj  I'eriy  Count) ,  I'a. 
August,  C.  V.  viridis,  near  Cheyenne,  Wya 

September  21,  C.  v.  oreganus,  near  Coyote,  Santa  Clara  County,  Calif. 
December  6,  C.  atrox,  Webb  County,  Tex. 

One  of  the  unfortunate  results  of  the  misinterpretation  of  the  male  dance  has 
been  to  introduce  uncertainties  into  the  published  records  of  mating  dates. 
There  remains  a  difference  of  opinion  as  to  the  reasons  for  these  stylized  per- 

formances.  They  seem  rarely  to  result  in  any  injury.  Bromley  (1934,  p.  45)  found 
small  head  wounds  on  one  of  the  participants  of  a  dance,  for  iheir  mouths  were 
interlocked  part  of  the  time.  Lowe  and  Xorris  (1950,  p.  2)  sa\v  sidcwindci  s  ac  lually 
bite  ( a(  Ii  oilu  r  in  the  neck  during  a  dunce,  but  no  venom  seemed  to  be  injected, 
and  no  damage  was  done. 

Shaw  (1951,  p.  166)  is  of  the  opinion  that  a  homosexual  behavior  of  one  male 
toward  another  often  initiates  a  dance.  It  may  result  from  the  lack  of  an  adequate 
cue  for  sex  recognition.  The  participants  need  not  belong  to  the  same  species;  in 
one  case,  over  a  period  exceeding  five  months,  a  male  southwestern  speckled  rattler 
(C.  rn.  pyrrhus)  lepeatedly  tried  to  mate  with  a  male  southern  Pacific  rattler  (C. 
helleri),  and  wlienexcr  it  did  the  southern  Pacific  would  respond  by  taking  tlie 
dance  position,  as  if  to  convey  a  repellent  cue.  These  rattlers  had  been  caged 
togctlier  lor  se\eral  \ears  belore  these  dances  took  place. 

Sometimes  males  have  danced  when  there  was  or  had  been  a  leniale  in  the  cage, 
but  more  often  when  no  female  had  been  present.  Certainly  the  presence  of  a 
female  is  not  necessary  to  stimulate  males  to  dance.  Once,  in  the  case  of  three  male 
prairie  rattlers,  dancing  suddenly  started  after  they  had  been  cage  mates  for  six 
years.  There  was  no  female  present  at  any  time.  In  another  instance  when  two 
males  had  been  together,  the  introduction  of  a  third  male  caused  the  first  two  to 
dance.  In  one  dance  obser\ecl  in  the  wlkl  (Dayton,  19J0)  a  tluK!  rattler  of  im- 
deteriiiined  sex  was  piesent.  In  the  occurrence  described  by  Bromh  v  (19,'M.  p.  45) 
a  female  was  said  to  be  pKsent  near  the  sparring  males,  but  whether  the  se.\  of 
the  third  snake  was  caielidly  determined  is  not  known. 

An  observation  made  on  some  hybrid  rattlesnakes  (unicolor  x  scututatus)  at  the 
San  Diego  Zoo  by  Perkins  and  Shaw  is  of  interest,  since  it  may  throw  some  light 
on  the  problem  of  the  dance  stimulus.  There  were  four  rattlers  in  the  cage,  three 
males  and  a  female.  One  of  the  males  was  courting  the  female,  which  had  just 
changed  lu  r  skin.  \\  hencver  one  of  the  noncourting  males  was  held  near  the 
excited  one,  ilie  lattei  iiniiiediatelv  rose  up  to  dance,  to  which  the  noncourting 
male  would  make  no  rt  sj)onse.  Puit  whenever  the  excited  male  was  given  the  shed 
skin  of  the  female  to  smell,  he  would  cease  his  attempts  to  dance. 

Lowe  and  Norris  (1950,  p.  2),  by  a  histological  examination  o£  two  male  side- 
winders (C.  c.  laterorepcm)  that  had  engaged  in  a  dance,  found  both  to  be  in  breed- 
ing condition.  These  authors  believe  that  aggressive  behavior  on  the  part  of  snakes 
may  be  an  expression  of  territorial  defense,  social  domination,  or  sexual  domina- 
tion; also  sex  discrimination  may  be  involved.  But  they  do  not  draw  a  final  con- 
clusion as  to  the  urge  that  h  ads  to  the  rattlesnake  dance.  For  mvself.  upon  the  evi- 
dence thus  far  adduced,  1  believe  it  probable  that  the  dance  sterns  from  some  sexual 
impidsc.  rather  than  from  one  based  either  on  territorial  defense  or  social 
donunatiun. 
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Aggressiveness  of  Males 

Male  rattlesnakes  are  occasionally  aggressive  during  the  mating  season.  Such  a 
disposition  was  reported  as  early  as  1723  by  Dudley  (p.  294).  Mrs.  F.  D.  Wood 
(1933,  p.  86)  came  upon  a  courting  pair  of  prairie  rattlesnakes.  She  reported: 
The  noise  of  my  clirobing  aroused  the  male  and  after  a  glimpse  of  me.  he  darted  at  me 

witliout  pause,  covering  the  eiglu  or  ten  feet  dnu  n  the  <.Io|)i'  so  i  :t[ii<!l\  :iii<!  uiiexpei  tcdIy 
that  there  was  barely  time  for  nie  to  leap  aside.  His  momcnium  carried  him  several  feet 
farther  down  before  he  turned  around. ...  In  the  author's  experience  with  snakes  ot  any 
kind,  this  male  Crotalus  was  the  only  one  to  show  real  aggressiveness  as  opposed  to  the  usual 
efforts  to  escape. 

Other  reports  of  the  same  character  are  as  follows: 

I  have  noticed  rattlers  mating  during  the  latter  part  of  the  month  of  June  and  they  were 
vicious  and  ag{;ressive.  /.  A.  RodrigMz,  U.  S.  Forest  Service,  Pecos,  N.  Mex. 

o 

Rattlers  are  vicious  during  the  mating  season:  otherwise  they  are  docile  unless  hurt  or 
antagoniied.  Harry  R,  Wright,  V.  S.  Forest  Service,  Waldron,  Ark, 

A  ratilcr  on  the  point  of  capturing  iu  prey  is  icnse  and  alcri;  ii  will  react  at  the  slightest 
disturbance.  The  same  is  true  of  males  at  mating  time,  for  then  they  are  irritable,  quick- 
tempered, and  show  anger  without  provocation.  A.  M.  Jackley,  Pierre,  S.  Dak. 

Gillam  (1916,  p.  135)  stated  that  he  found  two  timber  rattlesnakes  (C.  h.  konridus) 
together,  and  the  male  seemed  to  cover  the  female's  retreat. 

Finding  Matfs 

Noble  (1937,  p.  673),  in  ihoiongh  stiiclics  of  the  couitsliij)  aiul  iiKiiiiig  behavior  of 
Thamixopliis  (garter  snakti;  and  Storeria  (brown  snakes),  showed  sex  recognition 
in  these  genera  to  be  "accomplished  chiefly  by  chemical  sense,  both  olfectory  and 
Jacobson's  organs  playing  a  part.  Males  distinguish  the  skins  of  their  companions 
by  their  odor,  both  species  and  sex  differences  being  recognized.  The  cloaca! 
glands  play  no  role  in  sex  attraction  or  identification  in  Thamnophis. . . .  Move* 
ment  plays  an  important  role  diiriuj^  courtship."  Baumann  (1929.  p.  36)  has  shown, 
that,  in  the  \'ipcridac,  it  \>,  the  anal  glands  that  probably  plav  the  major  part  in 
the  finding  of  females  by  the  males.  These  studies  were  continued  1)\  Kahmaini 
(1932,  p.  173;  1934,  p.  249).  Stcbbins  (1934,  p.  13;  cites  the  evidence  of  a  collector 
that  the  glands  are  important  in  rattlesnake  attraction.  Bogcrt  (1942,  p.  262)  has 
commented  on  the  directness  with  which  the  sexes  come  together  in  the  field. 
Chemoreception  has  been  further  discussed  by  Vol50e  (1944,  p.  23). 

It  is  presumed,  although  adequate  experiments  have  yet  to  be  made,  that  in  the 
rattlesnakes  either  the  postanal  glands  or  skin  odors,  or  both,  are  important  in 
the  location  of  mates.  The  glands  are  larger  in  female  rattlers  than  in  males.  1  hat 
the  sense  of  smell — that  is.  the  tongiie-Jacobson's-oi  «;ans  combination  -  is  invoh  ed, 
is  e\  id(  lit  by  the  amount  of  tongue-flicking  indulged  in  by  an  ardent  male.  Tiich 
and  Glading  (1947,  p.  Ill)  observed  that,  when  a  female  oreganus  that  was  being 
courted,  suddenly  escaped  into  high  grass,  the  male  searched  for  her  by  nosing 
slowly  over  the  ground  where  she  had  been.  Shaw,  from  his  experience  in  finding 
it  possible  to  stimulate  a  rattler  to  court  with  a  freshly  shed  female  skin,  believes 
that  the  source  of  the  stimulation  lies  in  the  skin  rather  than  in  the  anal  scent 
glands. 
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Courtship  and  Mating  Patfern 

In  the  course  of  the  last  30  years,  wc  have  often  had  opportunities  to  observe  the 
behavior  of  mating  rattlesnakes  at  the  San  Diego  Zoo.  From  notes  on  different 
species  and  subspecies,  it  is  apparent  that  the  pattern  is  quite  uniform,  both  with 
respect  to  courting  and  copulation.  Some  typical  instances  will  be  described  as 
examples. 

I  made  the  following  observations  on  the  courting  procedure  of  a  male  re<l 
diamond  rattlesnake  (C.  r.  ruber)  on  February  12,  1937.  The  male  was  attempting 
to  mate,  but  the  female  seemed  unresponsive.  He  curled  his  tail  under  hers  and 


Fig.  lO:').  Comparison  between  the  longer  tail  of  a  male  rattlesnake  with  ilic  shorter,  thinner  tail 
of  a  female.  The  tail  of  the  male  is  less  sharply  tapered  from  the  body  than  that  of  the  female. 
(The  differences  in  pattern  and  color  arc  not  sex  differences;  the  pictures  are  of  snakes  of  different 
species  l)ut  of  almost  etpial  Ixxly  lengths.) 

the  posterior  part  of  his  body  jerked  convulsively  forward.  Neither  snake  sounded 
its  rattle.  The  male's  head  was  quite  active,  casting  about  in  a  somewhat  indefinite 
way  as  if  feeling  or  looking  atound,  but  usually  along  the  body  of  the  female.  The 
female  lay  quiet.  The  male's  tongue  darted  out  frequently.  The  hemipenes  were 
slightly  everted.  The  tail  of  the  male  was  curled  first  over  the  left  side  of  the  fe- 
male's and  under,  then  over  the  right.  As  the  male  was  unsuccessful,  he  finally 
desisted.  Several  days  later,  C.  B.  Perkins  observed  a  successful  mating  of  the  same 
pair. 

A  male  southern  Pacific  rattler  was  oijserved  to  be  courting  on  June  l.'i,  1916. 
He  was  cjuite  active,  sliding  along  the  body  of  the  female  and  cm  ling  his  tail  under 
hers.  The  female  had  shed  her  skin  the  night  before.  1  he  male's  entire  body  made 
spasmotlic  jerks,  not  just  the  head  as  is  sometimes  the  case.  W  here  he  had  a  coil  iu 
his  body,  a  part  of  the  circle  jerked  separately,  which  showed  that  the  posterior  pai  t 
of  the  body  was  not  just  twitched  forward  by  the  head. 

On  .August  1,  19 1(),  a  male  F,  hybrid  rattler  {licllcri  •  ruber)  was  seen  to  court  a 
female  ruber  that  was  quite  unresponsive.  He  moved  his  head  along  her  body  with 
short  (about  one-half-inch)  jerks.  He  had  an  intent  and  wide-awake  attitude,  quite- 
different  from  the  usual  lethargic  aspect  of  a  caged  rattler.  The  tongue  was  flicked 
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out  Irecjucntly,  but  not  in  synchioniMii  ^vith  the  head  jerks.  His  tail  was  wrapped 
around  that  of  the  female,  and  he  also  rubbed  it  on  the  underside  of  her  tail  sev- 
eral tiiiH  s.  The  head  nudges  were  not  made  with  the  snout  against  the  side  of  the 
female,  but  latiier  by  lus  rubbing  his  chin  along  her  back,  pressing  hard  enough 
to  move  her  skin  slightly. 

On  May  12,  1948,  I  watched  a  courting  southwestern  speckled  rattler  (C.  m. 
pyrrhus).  His  tongue  was  \  ery  active;  frequently  it  was  darted  out,  but  did  not  stay 
out,  nor  was  it  vertically  elevated  or  depressed,  as  in  the  pose  of  a  rattler  that 
threatens  an  intruder.  Sometimes  the  tongue  tips  touched  the  body  of  the  female, 
but  not  always.  The  frequency  with  which  it  was  flicked  out  was  nt  least  once  per 
second  or  oftener.  \\  bile  this  was  being  done,  the  head  of  the  male  advanced  with 
jerky  movements  along  the  female's  back. 

C.  B.  Pcikins  has  often  witnessed  the  mating  of  rattlesnakes  in  captivity.  The 
following  arc  his  (observations  on  several  subspec  ies: 

A  female  ruber  that  had  bccu  in  captivity  since  sometime  prior  lu  June,  1936,  was  placed  with 
a  male  oi  the  same  subspecies.  A  mating  was  observed  4  years  later. 
The  male  had  been  oouiting  ciS  and  on  dnee  March  14, 1941,  and  copulation  finally  en> 

sued  between  2:15  and  3  p.m.,  March  26,  1941,  and  rontitnicd  until  5  r.M.  at  It  a>.t.  Courtinfi; 
had  been  evident  each  spiing  since  1938.  init  no  successful  mating  had  been  ol)scrved.  At 
4:40  P.M.  then  was  a  slight  "Ineathing"  or  pulsating  movement  in  the  tail  of  the  male.  While 
locked,  they  moved  around  the  cage  to  a  condderable  extent.  They  were  separated  next 
mornin;.;  The  ynunj^  were  born  Auj^;nst  11,  1911. 

The  same  pair  mated  again  the  following  year,  on  March  29.  Efforts  at  mating  had  been 
observed  as  early  as  March  18.  In  this  instance,  the  female  seemed  to  require  no  urging,  a 
condition  not  noticed  in  any  other  pair.  Copulation  was  effected  at  about  I1:S5  a.m.  At  this 
time  there  uas  little  movement.  At  12:06  i'.m.  thne  was  a  sH[;lu  pulsatin<^  niovcmcnt  in  tlic 
tail  of  the  male,  no  other  effort  being  observable  upon  the  part  of  eitlier  snake.  At  12:^0 
the  male  dianged  his  position;  the  same  pulsating  movement  was  evident.  At  12:56  the  male 
again  changed  his  position  with  some  pulsation.  Both  were  otherw  ise  quiet.  At  1:30  the  male 
moved  again  until  his  position  was  the  same  as  at  12:30.  Inspections  were  made  at  2:12,  2:40, 
and  3:00,  but  no  changes  were  evident.  At  3:30  the  female  moved  slightly  and  the  male 
returned  to  his  original  position.  At  4:45  they  were  seen  to  retain  the  same  positions;  there 
were  no  pulsations,  although  some  had  been  evident  up  to  this  time.  Observations  at  5:22 
and  6:07  showed  no  fiirilicr  cbani^rs.  On  the  following  moming.  March  30,  at  8:3.')  they 
were  still  locked  together  and  no  changes  were  observable  at  9:S0  or  9:40.  At  10:15  they  were 
seen  to  have  changed  position  somewhat.  At  10:45  the  snakes  were  found  to  have  parted; 
the  riglit  hemipcnis  of  the  male  was  still  somewhat  extruded,  and  this  continued  until  11:20. 
In  this  mating  no  nudging  or  courting  movements  upon  the  paii  of  the  male  were  seen  at 
any  time.  The  young  resulting  from  this  union  were  born  /\ugusi  30. 

The  same  pair  of  red  diamond  rattlesnakes  mated  for  the  third  time  in  captivity  on 
Mardi  31,  1913.  They  wcic  first  ol>served  in  copulation  :it  3:20  r.vt.;  it  was  not  known  when 
mating  began.  At  tins  lime  they  were  motionless.  At  5:50  p.m.  ihcy  had  not  movct!  to  any 
extent.  At  9:50  on  the  following  morning  they  were  still  locked.  There  was  no  movement 
observable  except  for  an  occasional  pulsating  or  breathing  motion  in  the  tail  of  the  male; 

ihfio  wcmid  lie  ^  t>i  1  piilsMiioiis  anti  ilicn  quiti,  willi  liilU-  re,i;u lari t V.  At  I!:  !()  t!uv  were 
watched  for  15  minutes;  there  was  a  pulsating  motion  at  tlic  rate  of  about  20  per  minute. 
The  female  changed  the  position  of  the  anterior  half  of  her  body  slightly  from  time  to  time. 
The  ni;ile  did  some  ntidging.  They  remained  unchanged  at  12:30. 

Ai  12: 1.")  r.M.  llie  female  moved  a  little  occasionally,  dragging  the  male  along  for  an  inch 
or  so.  1  hey  parted  sonietimc  between  12:45  and  12:55.  1  he  right  male  hcmipenis  was  still 
extruded  and  remained  so  (with  some  movement)  until  1:45  when  it  was  fully  reverted. 
This  was  an  unsuccessful  mating.  Seven  eggs,  evidentiv  inlc  i  tile,  were  extruded  from  time 
to  time  between  August  18  and  Ueceniber  13,  and  one  dead  young,  which  appeared  fully 
developed,  was  born  November  29.  1913. 
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A  pair  of  sidewinders  (C.  c.  later  ore  pens)  from  (he  vicinity  of  Bensons  Dry  Lake,  San  Diego 
County,  were  caught  on  May  9,  1944.  Next  day  the  male  was  observed  courting  the  female 
\vith  the  usual  pattern— jerky  head  movements  along  her  body— at  4:45  p.m.  On  May  U  at 
9:30  A.M.  they  were  found  to  be  in  (.opuhKion.  At  10:00  a.m.  the  male  was  observed  to  be 
nudi^in;j;  the  female  at  any  pan  of  her  bodv  that  his  head  touched.  lie  often  held  his  tail 
straight  up,  waving  it  slowly  in  a  circle.  No  pulsating  or  pumping  motion  was  noticed. 

At  11:00  they  had  moved  halhvay  across  the  cage;  from  the  activity  it  would  seem  that 
the  male  had  dragged  his  partner.  There  was  considerable  motion  in  the  entire  body  of  the 
male,  moving  around  and  over  the  female.  He  still  did  considerable  nudi^ing  with  his  head. 
There  was  no  tail  motion.  For  15  minutes  (11:15  to  11:30)  they  were  watched  continuously. 
There  was  little  movement.  At  noon  the  male  was  almost  motionless,  except  for  tail  waving. 
At  12:30  P.M.  there  was  some  nudging  and  tail  waving.  This  continued  at  2:15;  both  were 
crawlin-;  slowly  with  some  dragging  of  the  other.  \t  2:30  P.M.  it  was  noted  that  the  tail  ivav- 
ing  and  nudging  did  not  seem  to  be  coincident. 

At  3:00  P.M.  there  was  a  pronounced  pulsating  or  pumping  motion  evident  in  the  doacal 
region  of  the  female.  The  pattern  seemed  different  (in  the  location  of  the  nudging  and  in 
the  tail  waving)  from  other  rattlesnakes  observed.  The  tloatal  let^ion  of  the  female  was 
more  swollen.  \{.  3:30  p.m.  it  appeared  that  the  pulsating  motion  was  imparted  by  the  fe- 
male, although  this  was  admittedly  doubtful.  It  was  at  the  rate  of  one  per  second  for  perhaps 
10  seconds,  then  a  little  faster  or  slower  until  stopped  entirely.  The  male  yawned  twice  in 
a  minute.  At  3:4.5  p.m.  it  was  observed  the  female  was  drat;i;inf^  the  male  almost  ronliini- 
ously.  He  seemed  to  sidewind  backwards.  At  4:15  tlie  female  seemed  to  be  trying  to  separate. 

At  4:50  they  were  still  locked;  the  female  coiled  in  a  comer  of  the  cage  and  the  male  stretched 

out  away  from  her.  On  the  following  morning  they  were  separated.  As  a  result  of  this  mating 
eight  young  were  born  on  the  night  of  October  13-14,  155  days  later. 

o- 

A  pair  of  southern  Paciiic  rattlesnakes  (C.  v.  helieri)  was  obscr^cd  in  copulation  at  9:45  a.m. 

May  7. 1944.  The  female  had  shed  during  the  night.  No  courtship  had  previously  been  ob> 

served.  The  male  had  been  in  capti\  ity  since  July  15,  1940;  the  female  since  January  2, 1941. 
When  fust  seen  to  be  locked,  the  snakes  were  quiet,  except  for  an  occasional  pumping  motion 
by  the  male,  who  also  was  nudging  the  female  about  six  inches  behind  the  head. 

At  11  and  11:15  the  female  was  dragging  the  male  slowly  about  the  cage.  He  seemed  un- 
interested, but  at  11:45  he  was  again  observed  to  be  nud[.;ing.  At  12:1.')  the  male  was  quiet, 
altliough  tlie  female  was  crawling.  At  1  p.m.  both  were  quiet.  At  2  the  female  was  again 
dragging  the  male.  At  3  both  were  quiet  althou^  still  locked.  Sonutfane  before  4  p.m.  they 
had  parted. 

I  have  foiintl  two  nuiting  pairs  of  the  sidewinder  (C  c.  laierorcpvus)  in  ilie  field. 
The  first  was  on  April  21,  1935,  in  niesc|uite-toppcd  sand  hills  one  mile  east  of 
La  Quinta,  Riverside  County,  California.  This  was  at  9  A.M.  on  a  dear,  warm  day. 
They  were  found  by  tracking;  they  were  lying  quietly  on  the  top  of  a  dune  in  the 
shade  of  a  bush.  The  tracks  ^owed  that  there  had  been  considerable  joint  aaivity 
nearby.  The  snakes  were  picked  up  in  a  net  with  as  little  disturbance  as  possible 
and  were  placed  in  a  wooden  box  with  i  liinged  cover.  Thereafter,  during  the  day 
(which  A\as  spent  ;ilternatcly  in  traveling  and  in  hunting),  they  were  examined 
houily.  They  ■were  beginning  to  separ:ite  at  1:2.5  p.m.,  :nid  were  fully  separated 
sonieiinic  bcfoie  6  p.m.  The  left  organ  of  the  male  was  used. 

The  second  pair  was  found  ai  8:50  p.m..  Ma)  G,  1939,  on  a  branch  road  up  1  argo 
Canyon,  Little  San  Bernardino  Mountains,  Riverside  County,  California.  There 
was  a  strong,  cold  wind  blowing  up  the  canyon;  evidently  they  had  sought  the 
warmth  of  the  pavement.  Although  carefully  placed  in  a  box  they  were  separated 
at  9:20.  Although  without  proof,  I  presume  that  toimlation  had  begun  the  night 
before.  Charles  H.  Lowe,  Jr.,  found  a  mating  pair  of  sidewinders  at  San  Felipe, 
Lower  California,  on  June  4,  1946,  at  7:50  a.m. 
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L.  M.  Huey  has  given  me  the  following  data  on  a  pair  of  red  diamond  rattlers 

found  in  copulation  near  Bonila,  San  Diego  County,  in  early  April:  He  was  hunt- 
ing birds'  nests  in  heavy  mixed  brush  and  cactus,  when  he  heard  a  loud  rattling 
at  a  distance  oi  about  20  feet.  He  found  that  this  came  from  a  pair  of  rattlers, 
which  c\idently  had  sensed  his  presence  before  he  s:uv  them.  AUhouyh  locked 
together  at  the  tails,  they  both  rattled  vigorously.  1  he  day  was  bright,  sunny,  and 
warm;  the  time  about  9:30.  The  snake's  tails  were  at  right  angles,  but  both  were 
lying  stretched  out  on  the  ground*  one  with  its  head  on  one  side  of  the  bush,  the 
other  on  the  opposite  side.  Both  were  in  the  shade.  When  the  snakes  were  killed 
they  remained  locked. 

A.  Pierce  Artran  reported  a  pair  of  red  diamond  rattlers  found  in  copulation 
near  Fallbrook,  San  Diego  County.  A  second  large  male  was  nudging  or  stroking 
the  anterior  portion  of  the  female.  Similar  irios  ha\e  often  been  noted  among 
various  spctics  of  snakes  in  (apti\ity.  Filch  and  Gladini;  (1947,  p.  Ill)  and  Filch 
(19i9a,  p.  517),  in  describing  the  mating  behavior  of  the  northern  Pacific  rattle- 
snakes (C.  V.  oreganus)  in  the  wild,  state  that  they  usually  mate  in  secluded  places, 
such  as  mammal-burrow  entrances,  rock  crevices,  or  under  the  edges  of  rocks  or 
bushes.  One  locked  pair  was  seen  to  emerge  from  a  squirrel  hole.  Mating  pairs 
were  sensitive  to  disturbance  and  quick  to  separate. 

The  following  summarizes  the  mating  pattern  of  rattlesnakes  of  the  genus  Cro- 
talus  as  described  by  C.  R.  Perkins:  The  male  courts  by  crawling  beside  or  over 
the  female;  he  nudges  the  female's  body  with  an  alert  head,  and  his  tongue  is  fre- 
quently darted  out.  Mranwhile  the  posterior  part  of  his  body  jerks  convulsively 
as  the  tail  is  curled  under  that  of  the  feniaic  first  on  one  side,  then  on  the  other. 

The  forked  hemipenis  on  one  side  is  everted  slightly  until  finally  the  female's 
tail  is  raised  and  a  sucnssful  admission  is  gained.  There  is  no  evidence  that  both 
hemipenes  are  ever  used  successively  in  a  single  copulation,  despite  the  supposition 
of  Milne  and  Milne  (1954,  p.  137)  that  they  are.* 

After  copulation  has  begun,  a  considerable  pulsating  or  pumping  action  by  the 
tail  of  the  male  is  to  be  noted.  This  m:\\  be  fairly  regular  or  intermittent.  For  long 
periods  both  snakes  may  lie  cjuictly  with  their  bodies  se|)arated  except  at  the  tails; 
at  others  the  male  may  continue  a  nudging  coui  iship.  E\  cntually  tlie  female  seems 
to  become  restless  and  drags  the  male  around  until  separation  is  hually  effected. 

Observations  of  matings  in  the  massasauga  {Sistrurus  c.  catenatus)  by  Guthrie 
(1927,  p.  1 3)  and  our  own  at  San  Diego  indicate  that  there  may  be  divergences  from 
the  Crotalus  pattern.  When  courting,  the  male  jerks  his  head  and  flicks  his  tongue, 
as  in  the  Crotalus  pattern,  but  there  is  less  nudging  by  the  male;  and  in  copulation 
there  are  longitudinal  contractions  of  the  male's  tail,  rather  than  pulsations  as  in 
Crotalus.  and  the  tail  of  the  female  is  more  often  held  vertically. 

Our  studies  indicate  that  copulation  in  the  rattlers  rarely  lasts  less  than  an  hour 
or  two,  and  probably  6  to  12  hours  duration  is  more  normal.  One  ruber  pair  re- 
mained locked  for  at  least  2Z%  hours,  and  another  pair  at  least  19^  hours.  One 
of  3  hours  and  50  minutes  was  noted  in  helleri,  and  another  lasted  at  least  5%  hours. 
There  was  one  of  more  than  7%  hours  in  fyrrhus,  two  of  more  than  7%  hours  in 
laterorcfycns,  and  one  of  more  than  3%  hours  in  catenatus.  Unfortunately  it  is  sel- 

*  Davis  (1936,  p.  276)  reported  successive  uses  of  both  hcmlpenes  in  a  garter  snake  mating,  from 
observations  by  A.  C.  Weed.  Blanchard  and  Blanchard  (1942,  p.  22S)  doubt  the  accuracy  of  the 
observation. 
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dom  that  ihc  times  o£  both  the  start  and  end  arc  known.  Lowe  (1942,  p.  261) 
witnessed  a  sidewinder  mating  that  lasted  2  hours. 

It  is  evident  that  the  mating  pattern  is  frequently  misunderstood.  Although  it 
has  been  stated  that  the  anterior  parts  of  the  bodies  may  in  rare  cases  be  raised  and 
intertwined,  this  position  is  certainly  not  normal  in  rattlesnakes.  The  male  dance 
(see  the  previous  section  o£  this  chapter)  has  often  been  inaccurately  considered 
a  nuptial  performance.  Also  mere  a>urtship  has  many  times  been  reported  as  a 

sucf  cssfnl  tnaliiig. 

The  mating  j)aiteins  of  snakes  show  ctriain  family  and  generic  reseitiblances 
and  (lilferentes,  as  described  by  Davis  (193G,  p.  257),  Noble  (1937,  p.  G73),  Vols0c 
(1941,  p.  22),  and  others.  VV'hcn  the  older  references  are  reviewed,  it  is  always 
necessary  to  distinguish  mating  behavior  from  male  dances,  for  there  Is  confusion 
between  the  two  in  many  of  the  older  reports. 

The  early  travelers  in  America  frequently  supposed  that  the  rattlesnakes  found 
lying  about  dens  were  mating,  since  they  were  often  found  intertwined  or  even 
in  such  concentrations  as  to  be  referred  to  as  "balls  of  snakes."  Such  ideas  persist 
even  to  this  chiy.  For  example,  one  of  my  correspondents  writes:  "I  have  seen  rattle- 
snakes breed.  They  form  a  ball.  I  have  .seen  a  ball  of  snakes  as  large  as  a  .'U)  gallon 
barrel.  '1  licv  also  give  ofl  a  terrible  odor  while  breeding.'"  Studies  ol  large  numbers 
of  rattlesnakes  at  their  dens  by  such  oIjscixcia  a^>  C.  li.  Perkins  and  A.  M.  Jackley 
have  iailed  to  verify  any  of  these  statements.  At  the  San  Diego  Zoo  we  have  had, 
in  a  single  cage  during  the  mating  season,  congr  egations  of  rattlers  of  from  a  dozen 
to  several  hundred.  Although  they  frequently  piled  up  in  a  comer  of  a  cage  until 
they  reached  a  depth  of  a  foot  or  more,  no  signs  of  sexual  excitement  were  observed, 
much  less  a  real  mating. 

A.  M.  Jackley  re{)orted  tiiat  he  had  observed  a  male  prairie  rattlesnake  that  was 
endeavoiing  to  mate  with  a  decapitated  female.  Amaral  (1932b,  p.  93)  has  de- 
scribed the  mating  of  a  male  jararaca  (a  South  American  pit  \i)jer,  Botlnopx 
jararara)  with  a  dead  South  Americ  an  rattlesnake  (C  d.  terrificus).  Sc  hoetiler  (1950, 
]).  I  1)  reported  the  mating  in  captivity  ot  an  uruti'i  (another  Soudi  American  pit 
\  iper.  Bothrops  alternata)  with  a  female  terrificus.  That  male  snakes  court  females 
of  other  genera  and  even  of  other  families  is  not  unusual  among  captives,  but 
actual  mating  is  rare.  I  have  discussed  hybrid  rattlesnakes  in  chapter  4,  including  a 
single  known  intergeneric  hybrid  (Crotalus  x  Sistrunts).  At  the  San  Diego  Zoo,  a 
male  gopher  snake  {Pituophis  ratfrf'  r  nnnectens)  mated  with  a  female  soiuhern 
Pacific  rattler  (C.  i'.  heller i),  which  died  shortly  thereafter.  1  hope  this  evidence  of 
abnormalitv  will  not  lie  assumed  to  validate  belief  in  the  mvthical  bull-snake- 
rattlesnake  hybrids  current  in  the  upper  Missouri  basin  states  (sec  p.  1267). 

FERTILITY 

Reproductive  Cycles 

It  is  somewhat  difficult  to  generalize  upon  the  reproductive  cycles  of  rattlesnakes, 
since  there  may  be  not  only  variations  between  species,  but  also  differences  within 
species,  produced  by  climatic  differences.  It  is  to  be  remembered  that  snakes  are 
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immediately  and  itrongly  affected  by  air  and  ground  temperatures,  as  well  as  by 
solar  radiation;  since  they  have  no  internal  tcmpcratinc-rcgulating  UKthanisnis, 
such  as  those  possessed  by  mannnals  and  biids,  their  metabolic  rates  and  muscidar 
activities  are  at  the  mercy  ol  external  conditions,  ant!  hente  are  subject  to  frequent 
and  considerable  changes.  This  is  particularly  true  when  temperatures  are  ap- 
proaching the  lower  limit  of  what  is  adequate  for  continued  activity. 

Although  there  are  indications  that  in  the  southern  United  States  rattlesnakes 
produce  annual  broods  of  young,  this  has  not  yet  been  proved  On  the  other  hand, 
Rahn  (1942bt  p.  233)  has  shown  that  the  prairie  rattlesnake  (C.  v.  viridts),  in  the 
northern  part  of  its  range,  produces  young  every  second  year;  for  the  season  of 
activity  and  growth  is  so  short  that  tlie  offspring  cannot  be  brought  to  full  tcnn 
within  a  single  grow  ing  season.  Since  this  same  subspef  ies  occurs  as  far  south  as 
central  Texas,  wluie  the  period  of  activity  uiay  Ix-  long  enough  lor  an  annual 
brood  to  be  produced,  it  is  possible  that  there  is  a  gradual  change  in  tlie  repioduc- 
tive  cycle  from  north  to  south  within  this  single  subspecies.  Studies  in  intermediate 
territory  should  be  made  to  determine  whether  some  individuals  follow  an  annual 
and  others  a  biennial  schedule,  or  whether  year-to-year  variations  in  climatic  con- 
ditions affect  the  cycle  in  the  population  as  a  whole,  so  as  to  cause  shifting  from 
an  annual  to  a  l)iennial  cycle  or  vice  versn.  A  similai  tci  i  itorial  variation  in  the 
reproductive  cyde  of  the  European  viper  has  been  discussed  by  \'ols0e  (1911,  pp. 
18,  119),  who  cites  evidence  of  the  prevalence  of  a  biennial  cycle  in  northern 
Eiuopc  and  an  annual  cycle  in  the  south. 

It  is  also  possible  that  in  territories  wherein  both  annual  and  biennial  cycles 
occur,  the  smaller  females  may  bring  forth  young  at  two-year  intervals  wfule  the 
larger  ones  may  be  able  to  bring  a  brood  to  term  within  a  year.  This  may  explain 
the  increase  in  fecundity  with  size  that  was  found  in  the  Platteville  series  of  prairie 
rattlesnakes  (Klauber,  19S6b,  p.  16). 

A  furtlier  complication  that  makes  it  difficult  to  determine  the  stages  in  ref)ro(Iuc- 
live  cycles  is  the  fact  that  female  snakes  can  retain  live  sperm  for  a  considerable 
time,  and  even  a  sej>arate  mating  for  eadi  fjrootl  may  not  he  essential.  Sperm 
storage  in  various  species  of  snakes  has  Ix  en  discirssed  by  Woodward  (1933,  p.  189), 
Kopstein  (1938,  p.  81),  Trapido  (1910,  p.  107).  Haines  (1910,  p.  116),  Rahn  (19'1(), 
p.  109;  1942b,  p.  236),  Blanchaid  and  Blanchard  (1911a,  p.  163;  1911b,  187; 
1942.  p.  230),  Ludwig  and  Rahn  (1943,  p.  15),  Mrs.  F.  C.  Blanchard  (1943,  p.  314), 
Volsffe  (1944,  p.  22),  and  Carson  (1945.  p.  223).  The  work  of  Ludwig  and  Rahn 
(1943,  p.  15)  is  important,  in  that  it  describes  the  mechanism  and  effectiveness  of 
sperm  storage.  Vols0e's  paper  contains  significant  data  on  seasonal  fluctuations  in 
spermatogenesis  in  the  male  European  viper.  Not  only  do  these  authors  demon- 
strate that  fertilization  may  not  be  coincident  with  insenuiiation,  which  permits  a 
wide  latitude  in  copulation  dates,  but  Kopst(  in  (19Si^.  ]>.  HI)  has  shown  that 
isolated  female  snakes  have  laid  fertile  eggs  at  intervals  extending  over  as  many  as 
22  months  without  reinsemination.  Carson  reported  a  female  indigo  snake  that 
laid  at  least  one  fertile  egg  after  four  years  and  four  months  in  solitary  confinement. 

A  further  complication  in  the  fixing  of  mating  dates  lies  in  the  undoubted 
confusion  of  mating  with  other  activities.  Thus  statements,  both  in  the  literature 
and  by  some  of  my  own  correspondents,  have  confused  mere  aggregation  of  rattlers,  • 
particularly  about  the  dens,  with  mating.  Also  the  male  combat  dances,  as 
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previously  described,  have  been  confused  with  mating.  Ck)mbatant  males  are 

conspicuous  because  their  bodies  are  raised  above  the  ground. 

Aliliough  it  is  true  that  there  arc  seasonal  differences  between  species,  and  that 
ofF-season  matings  may  occasionally  occur  in  any  species,  it  is  niv  opinion  that 
along  the  southern  border  oi  the  United  States  rattlesnakes  probably  mate  each 
spring  and  the  young  are  bom  in  the  following  autumn.  In  the  colder  areas  to 
the  north,  as  demonstrated  by  Rahn,  and  no  doubt  at  higher  altitudes  in  the 
south,  a  biennial  cycle  prevails.  In  sudi  a  cycle,  according  to  Rahn  (1942b,  p.  2S7), 
a  summer  or  fall  matii^  would  fit  rather  well  into  the  program  of  egg  development. 
This  would  also  substantiate  A.  M.  Jackley's  statement  that  the  prairie  rattle- 
snakes in  South  Dakota  "mate  only  in  late  August  and  well  into  September." 

In  my  own  work  on  the  prairie  rattlesnakes,  I  found  the  two-year  cycle  con- 
firmed in  one  series  from  South  Dakota.  This  included  59  gravid  icmalcs,  of 
which  30  were  in  the  stage  that  Rahn  refers  to  as  ripe,  whereas  the  other  29  were 
in  the  post-partiun  stage.  The  yellow,  developing  eggs  in  the  ripe  females  a\craged 
9.0  per  snake;  the  small  white  eggs  in  tiie  post  partum  individuals  averaged  18.4. 
Without  doubt  there  was  confusion  in  the  latter  case  with  the  corpora  lutea»  Un- 
fortunately, when  I  examined  the  Platteville  series  of  prairie  rattlesnakes  from 
Colorado,  Rahn's  findings  had  not  yet  been  announced,  for  which  reason  I  failed 
properly  to  differentiate  the  eggs  into  two  categories. 

Fitch  (1949a,  p.  538)  concluded,  from  an  examination  of  the  ova  in  northern 
Pacific  rattlesnakes  (C.  7>.  orrgojius)  at  the  San  Joaquin  Experimental  Range,  that 
these  snakes  reprodiue  on  a  biennial  cycle,  for  the  eggs  were  found  in  the  two 
different  states  of  development  during  the  breeding  season.  A  biennial  cycle,  under 
Che  moderate  climatic  conditions  in  the  foothills  of  Madera  County,  California, 
throws  some  doubt  on  the  existent  of  an  annual  cycle  farther  south,  at  least 
among  the  subspecies  of  C.  viridis.  Glissmeyer  (1951,  p.  25).  from  a  study  of  the 
proportion  of  females  with  enlarged  eggs  in  a  series  of  Great  Basin  rattlesnake 
(C.  V.  lutosus)  collected  near  Salt  Lake  City,  Utah,  concluded  that  these  snakes 
reproduce  on  a  biennial  c}cle,  as  would  be  expected  from  the  climate  of  that 
region  (see  also  Woodbury  and  Hansen.  1950,  p.  OS;  and  Burt,  1950,  p.  12). 

Rahn  (1912b,  p.  233)  and  Ludwig  and  Rahn  (194.3,  p.  15)  visualize  the  follow- 
ing course  of  a  set  of  eggs  in  a  two-year  cycle:  Small  eggs  are  present  in  the  ovaries 
in  the  summer  and  fall  of  the  first  year;  they  begm  to  grow  rapidly  during  the 
summer  of  the  second  year  and  reach  a  large  size  (although  still  in  the  ovaries) 
when  the  snake  enters  hibernation  in  that  foil.  Ovulation,  that  is,  transference  of 
the  eggs  from  the  ovaries  to  the  uteri,  occurs  when  the  snake  emerges  from  hiberna- 
tion in  the  spring,  and  at  this  time  the  eggs  are  fertilized  by  sperm  that  has  been 
stored  in  special  vaginal  pouches  since  a  mating  during  the  previous  summer  or 
fall.  The  young  are  born  in  the  late  summer.  I  should  judge  that  the  studies  of 
the  Great  Basin  rattlesnake  made  by  Woodhurv's  s^roiip  indicate  the  s:mie  cvcle 
of  bieiuiial  egg  development,  except  that  they  conclude  that  fertilization  takes 
place  directly  from  a  mating  in  May  or  June  (Glissmeyer,  1951,  p.  24;  Burt,  1950, 
p.  12),  and  the  young  are  bom  in  August  or  September.  Fitch  (1949a,  p.  539),  in 
outlining  the  biennial  cycle  of  the  northern  Pacific  rattler,  states  that  ovulation, 
and  fertilization  by  stored  spermatozoa,  occur  about  two  months  after  copulation 
in  the  spring. 
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Additional  studies  will  he  required  to  determine  which  species  of  l  attlesnakes 
are  on  annual  and  whicli  on  hiejuiial  <  vdcs.  1  he  requirement  will  he  huge  num- 
bers of  lully  adult  females  at  the  time  they  are  entering  hibernation  in  the  fall. 
This  will  not  he  an  easy  collection  to  make,  except  where  the  snakes  den  together 
in  large  nuuibers,  which,  in  itself,  indicates  a  cold  climate  and  a  probable  biennial 
cycle.  But  if  the  females  of  southerly  species  can  be  collected  at  that  time,  an 
examination  of  the  eggs  in  the  ovaries  should  settle  the  question.  If  almost  all  the 
females  bear  large  yellow  eggs,  an  annual  cyde  is  indicated;  if  about  half  contain 
large  yellow  eggs,  and  the  other  half  small  white  eggs,  a  biennial  cycle  is  evident. 

Observations  at  the  San  Diego  Zoo  indicate  that  rattlesnakes,  under  favorable 
temperature  conditions,  are  quite  capable  of  producing  young  on  an  annual 
cycle.  For  example,  a  pair  of  red  diamondbacks  (C'.  r.  niber)  mated  on  March  26, 
1911,  and  a  brood  of  young  was  born  on  August  14.  I  hev  mated  again  almost 
exactly  a  year  later — March  29,  1942 — and  a  second  brood  was  born  on  August  30 
of  that  year.  There  was  a  third  mating  on  March  21,  1943,  and  a  brood  bom  on 
August  18,  1943;  thus  there  was  an  annual  cyde  for  three  successive  years. 

In  an  annual  reproductive  cycle,  if  a  sufiidently  extensive  season  of  activity  and 
growth  to  consumate  one  be  assumed,  we  should  expect  rapid  egg  growth  in  the 
autumn,  frl lowing  the  birth  of  the  previous  year's  young  in  early  September. 
.After  a  short  hibernation  the  eggs  would  become  fully  enlarged  by  early  or  mid- 
s|)ring,  and  ovulation  ^sould  occiu-,  followed  by  fertilization  in  a  spring  uiating 
and  the  birth  of  the  young  in  early  auLunm.  I  found  (1936b,  p.  21),  from  studies  of 
C.  V.  fiellcri  and  C.  r.  ruber,  that  ova  increase  about  6  per  cent  in  length  and  width 
during  hibernation. 

It  will  be  noted  that  the  additional  time  afforded  in  a  biennial  cyde  is  not 
consumed  in  an  extension  of  the  time  between  fertilization  and  delivery.  It  is  re- 
quired because  of  the  long  season  of  hibernation,  which  imposes  a  year  and  a  half — 

in  terms  of  calendar  rather  than  acti\  (  liinc     for  egg  growth  prior  to  ovulation. 

It  should  be  obser\ed  that  male  snakes  also  have  a  reproductive  cycle,  the  most 
complete  studies  of  which  were  those  of  Volsoe  (1911,  p.  20)  on  the  Furopean 
viper  (l'if)cra  hnu.s)  in  Denmark,  and  Petter-Rousseaux  (195,S,  p.  L'()9)  on  the 
European  ringed  snake  (Natrix  natrix).  \'ols0e  found  the  males  incapable  of 
producing  fertilization  at  the  time  of  issuance  from  their  dens  from  mid-March 
to  mid-April,  and  that  the  end  of  April  or  the  beginning  of  May  must  be  con- 
sidered the  ncnrmal  pairing  time.  He  further  concluded,  because  of  the  rapid  reduc- 
tion in  mature  spermatozoa,  that  late  summer  or  autumn  copulations  would  be 
ineffective.  Volsjfe  believes  that  in  more  southerly  dimates  spermatogenesis  may 
occur  earlier  than  in  Denmark,  f  he  presence  of  pregnant  females  during  hiberna- 
tion does  not  ])rove  that  autumn  matings  occur,  because  ol  tiie  prevalence  of 

spei  111  storage  among  snakes. 

Although  no  studies  of  spermaiogenesis  comparable  to  those  of  Volspe  have 
been  made  on  rattlesnakes,  it  is  known  that  the  males  do  have  seasonal  cycles. 
Shaw  observed  a  male  tortugensis  that  suddenly  indulged  in  a  courting  pattern, 
although  it  had  long  been  separated  from  all  other  rattlers.  To  judge  from  the 
dates  when  most  matings  have  been  observed  in  southern  California,  spermato- 
genesis probably  occurs  earlier  here  than  in  colder  climates.  Cieslak  (1945,  p.  299) 
has  shown,  by  experiments  on  garter  snakes  (Thamnophis),  that  the  reproductive 
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cycle  of  both  male  and  female  snakes  arc  correlated  with  the  activity  of  the  pituitary 
gland.  Fox  (1954,  p.  415)  has  discussed  the  effects  of  climatic  and  other  environ- 
mental factors  on  the  timing  of  the  reproductive  cycles  of  male  garter  snakes. 

Birth  Rate 

Birth  rate  statistics  iiiusi  be  based  on  sludics  oi  tlic  iertility  of  the  adult  females  of 
a  snake  population.  Confirmatory  evidence  may  be  obtained  from  size  studies  of 
large  series  collected  at  the  dens,  although,  by  the  time  the  young  snakes  reach 
their  first  refu^,  there  will  already  have  been  a  serious  toll  of  the  young  snakes 
taken  by  enemies  and  weather.  Furthermore  there  is  evidence  that,  during  their 
first  winter,  not  all  of  the  young  repair  to  the  dens  used  by  the  adults. 

In  1936  (Klauber,  1936b,  p.  14),  I  made  studies  and  calculations  of  the  birth 
rate  of  the  prairie  rattlesnake  (C.  t'.  vi'ridis)  in  eastern  Colorado,  based  on  a  large 
series  collected  at  the  dens,  either  at  the  time  of  their  entering  or  leaving  hiberna- 
tion. Althoiigli  unaware  of  the  possibility  of  a  biennial  rej)rodurtiv(;  cycle,  I  did 
endeavor  to  distinguish  between  the  developing  yellow  eggs  and  the  small  white 
ones.  Rahn  (1942,  fig.  3,  p.  237)  has  shown  that  in  the  hibernating  season,  when 
my  statistics  were  ascertained,  the  yellow  eggs  are  about  6  months  from  the 
production  of  young,  whereas  the  small  white  eggs  are  18  months  away.  There* 
fore,  although,  were  I  to  repeat  the  investigation  today,  I  should  endeavor  to  make 
a  more  detailed  classification  of  the  egg  sizes  found,  I  think  all  the  eg^s  I  recorded 
as  developing  would  have  produced  young  in  the  subsequent  summer  or  autimin, 
and  therefore  my  previous  figures  remain  valid.  Of  course,  as  I  pointed  out  (19^Gb. 
j).  L'O),  niy  figures  aie  subject  to  whatever  losses  there  would  be  between  the  number 
of  eggs,  as  counted  in  tlu>  ovaries,  and  the  final  nundier  of  live  voung. 

In  this  l*laite\illc  series,  I  found  1,707  developing  eggs  in  149  gravid  females. 
This  was  in  a  total  population  of  841  snakes  of  both  sexes  and  all  sizes,  including 
juveniles,  which,  at  the  next  bearing  season,  would  have  become  adolescents.  This 
indicates  a  birth  rate  per  unit  of  the  total  population  of  2.10.  If  we  make  a  deduc- 
tion of  three  jxr  brood  for  infertile  eggs  and  defective  young,  the  birth  rate  would 
be  reduced  to  1.57.  This  also  presupposes  no  difference  in  the  death  rates  of  the 
several  elements  of  the  population  between  hil)crnatioii  and  the  bearing  season. 
In  all  probability  the  gravid  females  have  a  higher  mortality  than  the  rest  of  the 
pojiulation,  which  residts  in  a  still  lower  birth  rale.  Fitdi  (19iya,  j).  r>99:i  reached 
the  conclusion  that  the  young  northern  Pacifies  born  each  fall  would  et^ual  1.25 
times  the  total  rattler  population  that  existed  just  prior  to  the  advent  of  the 
young.  Vol$0e  (1944,  p.  29)  found  a  birth  rate  among  European  vipers  in  Denmark 
of  1.02.  His  figures  are  derived  from  live  young  and  therefore  are  on  a  sounder 
basis  than  mine. 

Season  oi  ^^A^l.^(; 

I  find  the  recorded  dates  of  the  mating  of  rank  snakes  to  l)c  Jather  coidiising. 
There  are  species  dilTerences  and  also  climatic  ilillerences,  ioi  where  the  snakes, 
because  of  their  short  active  season,  have  been  forced  to  the  production  of  biennial 
broods,  the  entire  reproductive  pattern  has  been  dianged.  There  has  been  confu* 
sion  of  mating  with  basking  at  dens,  with  male  combat  dances,  and  with  mere 
unconsummated  courtship.  There  is  also  the  complication  introduced  by  sperm 

StOT^. 
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The  red  diamond  rattlesnake  (C.  r.  ruber),  a  distinctive  and  colorful  species 
restricted  to  southern  California  and  northern  and  central  Baja  C^alifornia,  un- 
doubtedly mates  in  the  spring.  It  has  been  observed  in  copulation  in  the  wild  on 
the  following  dates:  March  7  and  8,  April  2,  3,  13,  18,  20,  and  2G;  and  in  captivity 
on  February  12  and  18,  and  March  21,  26,  and  29.  A.  E.  Rorrel  (in  Linsdale,  1932, 
p.  384)  found  a  pair  at  San  Telmo,  Baja  California,  April  2,  that  may  have  been 
disturbed  in  mating; 

The  sidewinder  (C.  cerastes)  is  another  southwestern  species  that  usually  mates 
in  the  spring.  I  found  copulating  pairs  in  the  field  on  April  21  and  May  6.  J.  R. 
Slevin  found  a  matini^  pair  on  April  27.  At  the  San  Diego  Zoo,  a  captive  pair 
mated  on  ^^ay  1 1.  But  that  autumn  matings  of  this  species  probablv  occur  in  the 
wild,  has  been  shown  by  l.awc  (1912,  ji.  261).  who  found  indications  of  mating  on 
September  20  and  October  18.  A  {ajjti\e  pair  mated  October  1 1. 

A.  J.  Kirn  found  western  diamond  rattlesnakes  (C.  alrox)  in  copulation  on 
April  13  in  Texas.  D.  M.  Gorsuch  found  a  pair  in  Arizona  that  may  have  been 
mating  on  August  19,  and  A.  A.  Nichol  saw  a  pair  in  copulation  in  captivity  in 
May  (Taylor,  1935,  p.  154).  Bogert  (1942,  p.  262)  found  a  locked  pair  in  the 
Coachella  Valley  on  March  25.  Mrs.  Grace  O.  ^Viley  (1929,  pp.  9,  11)  observed 
matings  of  captive  pairs  on  August  5  and  December  29.  The  latter  date  was  surely 
the  rcstdt  of  the  ai  tifu  ial  conditions  of  captivity,  as  was  another  December  date  (4) 
recorded  by  Lcdeier  (19;)(),  p.  133). 

Allen  (1874,  p.  69)  saw  two  pairs  of  jjrairie  rattlesnakes  (C.  t'.  x'iridis)  matint^  in 
July.  Mrs.  Wood  (1933,  p.  85)  found  a  mating  pair  in  Wyoming  on  August  2.  A 
courting  pair  was  seen  August  9.  This  seems  to  verify  A.  M.  Jackley's  conclusion 
that,  in  South  Dakota,  the  rattlers  mate  in  the  fall.  During  one  season,  he  re- 
ported having  seen  mating  pairs  as  early  as  August  18  and  as  late  as  September  14. 
A  captive  pair  in  the  San  DiegO  Zoo  mated  on  July  21. 

But  fall  matings  are  not  universal  in  the  northern  latitudes,  as  is  evident  from 
the  following  statement  of  P.  J.  Martin  with  regard  to  the  habits  of  the  northern 
Pacific  rattlesnakes  (C.  v.  oreganus)  at  the  dens  in  the  vicinity  of  Patcros,  Wash- 
ington: 

I  have  ubseivcd  them  mating  early  in  .March  and  laic  in  April,  even  to  the  forepart  of 
May  at  the  dens.  I  have  also  observed  mating  as  late  as  May  15.  after  they  had  been  placed 

in  (:)])ti\ii\.  I  ha\c  seen  them  in  numbers  in  the  lower  country,  after  ihcy  spread  out  from 
tlic  dcii'-,  never  observed  tliem  mating  there.  Apparently  mating  is  over  by  the 

lime  tlirv  siart  out  on  tlicir  sunnrier's  jaimt. 

Fitch  and  Gladinj^  (1917,  p.  110)  and  Fitch  (1949a,  p.  517)  found  spring  to  be 
the  season  of  mating  of  C.  i>.  oregatius  on  the  San  Joaquin  Experimental  Range. 
Mating  pairs  wcic  fust  encountered  al)f)iit  one  week  after  the  earliest  rattlers  had 
emerged  from  hibernation,  and  remained  in  evidence  for  some  eight  weeks  (54  days 
in  1938;  36  days  in  1939;  54  days  in  1940).  IThe  mating  dates,  as  was  the  case  with 
emergence  from  hibernation,  were  found  dependent  on  weather  conditions.  Not 
all  of  the  Fitch-Glading  observations  were  based  on  pairs  actually  seen  in  copula- 
tion;  some  pairs  were  merely  courting  or  in  close  association.  However  the  Fitch* 
Gladii^  conclusions  respecting  the  prevalence  of  mating  during  a  relatively  short 
spring  season  are  unquestioned.  Rut  even  in  C'alifornia,  off-season  matings.  not  to 
be  explained  as  a  misinterpreted  male  combat  dance,  are  occasionally  reported. 
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Thus  Jasper  and  Wani  Maris  saw  a  pair  of  southern  Pacific  rattlers  (C.  v.  helleri) 
mating  on  September  17,  1953.  This  was  in  the  Palos  Verdes  Hills  near  San  Pedro. 

Some  additional  dates  when  rapii\c  laitlt  snakcs  ha\c  been  ol)serv'ed  to  mate 
at  the  San  Diego  Zoo  have  been  these;  Mexican  west-coast  rattler  (C.  b.  basiliscus), 
August  31;  Aruba  Island  rattler  (C.  unicolor),  Sejitcinber  14  and  21;  southern 
Pacific  rattlesnake  (C.  v.  helleri).  May  7;  Coronado  Island  rattlesnake  (C.  v. 
caliginis),  March  5;  eastern  massasauga  (5.  c.  catenatus),  August  31,  September  24^ 
and  November  8;  helleri  x  ruber  hybrid  mating,  February  2;  scutulattis  x  unicolor 

hybrids,  July  17  and  November  9. 

Mating  reports  subject  to  question  are  those  of  Winterbotham  (1795,  p.  406),  who 
wrote  that  rattlesnakes  mate  in  August,  at  which  time  they  are  most  dangerous; 
Messeling  (1953,  p.  21),  who  says  that  timber  rattlesnakes  (C.  Ii.  Iiorridus)  mate  in 
the  fall;  and  Meek  (1916,  p.  263),  to  the  eifect  that  eastern  diamondbacks  (C. 
adoTTinriteus)  mate  in  mid-September. 

It  is  my  conclusion  that  along  the  southern  border  of  the  United  States  rattle- 
snakes normally  mate  in  the  spring,  soon  after  they  come  out  of  their  winter 
retreats.  Where  biennial  broods  are  the  rule,  the  mating  times  may  be  more 
widely  dispersed,  and  summer  or  fall  mating  may  even  predominate. 

In  view  of  the  variations  that  result  from  sperm  storage  and  biennial  broods, 

the  gestation  period  is  difficult  to  determine.  I  believe  that  in  our  southern  Cali- 
fornia rattlesnakes  the  time  averages  five  months  (April  15  to  September  15)  or 
about  153  clays.  It  is  probably  a  few  days  less  in  the  warmer  areas  and  a  few  days 
more  in  the  cooler  or  higher  places.  Fitch  and  Glading  (1917,  p.  110)  estimated  172 
days  for  northern  Pacific  rattlers  at  the  San  Joaquin  Experimental  Range.  Some 
observations  on  the  gestation  periods  observed  at  the  San  Diego  Zoo  have  been 
as  follows:  C.  r.  ruber  141,  154  and  173  days;  C.  v.  caliginis  174  days;  C.  c. 
laterorepens  155  days;  C.  unicolor  295  days;  scutulatus  x  unicolor  hybrids  170  days; 
helleri  x  ruber  hybrids  190  days.  As  possible  explanations  of  these  highly  variable 
intervals,  neither  the  possible  effects  of  sperm  storage  nor  the  high  temperatures 
at  the  Zoo  should  be  forgotten. 

Dates  of  BntTH 

Whether  rattlesnakes  bear  young  annually,  as  they  evidently  do  in  the  southern 
section  of  our  country,  or  biennially  as  in  the  more  rigorous  climates,  it  is  probable 
that  the  normal  birth  time  is  the  late  summer  or  early  fall,  usually  between  August 
1  and  October  15,  no  doubt  centering  in  mid-September.  There  is  little  question 
that  the  gestation  period  is  influenced  by  temperature,  even  seasonal  fluctuations 
ha\  ing  their  effects.  Thus,  in  the  wannest  areas  of  the  desert,  the  young  are  pro- 
duced annually  and  arc  born  earlier,  so  that  they  have  a  better  chance  to  secure 
food  and  so  to  survive  their  first  hibernation.  W'here  the  season  is  long,  but  with 
summer  tem{)eratures  usually  below  the  optimum  for  snakes,  as,  for  example,  in 
coastal  California,  or  at  the  higher  elevations  in  the  interior,  the  young  are  born 
later  (about  October  1  to  10),  yet  they  still  have  a  chance  for  survival  because  of 
the  late  advent  of  winter.  Finally,  in  the  areas  of  rigorous  climates,  where  biennial 
broods  are  the  rule,  a  relatively  early  birth  can  be  effeaed,  since  the  egg»  are  well 
developed  by  the  spring  preceding  birth,  and  again  the  young  have  a  good  chance 
to  feed  before  hibernation. 
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Whether  ofT-scason  births  occur  among  rattlesnakes,  as  do  ofF-season  matings,  I 
do  not  know.  1  have  occasionally  seen  rattlesnakes  (especially  southern  Pacifies) 
in  the  spring  that  were  so  small  it  seemed  they  must  have  just  been  born.  Had 
they  been  born  at  the  usual  time  in  the  autumn,  one  could  not  imagine  their 
having  survived  so  long  without  either  food  or  growth. 

Births  to  mothers  in  captivity  cannot  be  depended  on  to  giv  e  natural-birth  dates 
with  entire  accuracy  because  of  the  artificial  temperature  a>ndition8,  unless  the 
mothers  have  been  brought  in  shortly  before  parturition.  Records  of  births  in  the 
wild  are  more  conclusive,  but  unfortunately  few  arc  available.  To  find  a  brood  with 
a  mother  is  evidence  that  the  young  were  probably  bom  within  a  day  or  so,  since 
they  do  not  remain  \on^  with  the  parent.  Continuous  observation  in  any  area  will 
eventually  show  when  the  young-of-lhc  ycar  arc  normally  first  in  evidence  From 
years  of  records  of  young  in  the  vicinity  of  San  Diego,  I  believe  that  rattlesnake 
births  are  centered  in  the  period  September  10  to  October  1,  while  on  the  desert 
side  of  the  mountains  they  average  a  week  or  so  earlier.  In  some  states,  August 
births  are  prevalent  The  following  are  two  incidents  noted  in  my  diary: 

Henry  Shelton  told  me  of  finding  a  brood  of  aouthem  Padfic  rattlesnakes  (C.  v.  helleri)  on 
September  20.  He  first  found  one  or  xvio  crawling  among  some  rocks  he  was  overturning. 
Then  under  a  lar^e  flat  rock,  he  found  the  mother  and  a  number  of  little  oncs,  11  altogether, 

including  those  that  liad  been  on  the  surface. 

-o 

On  September  18.  £.  V.  Potter  shot  a  large  southern  I'acilic  raiilcr  at  Japatul,  San  Diego 
County.  It  contained  10  young  in  capsules,  evidently  just  ready  for  birth.  One  was  liberated 
by  the  shot  and  this  he  saved,  but  the  Others  were  destroyed.  This  one  lived  until  October  1, 
at  which  lime  it  had  not  yet  shed. 

Fitch  and  Glading  (1947,  p.  110)  and  Fitch  (1949a,  p.  539)  sUted  that  the  earliest 
appearance  of  young  northern  Pacifies  (C.  v.  oreganm)  varied  with  the  dates  of  the 
issuance  of  the  parents  from  hibernation  in  the  previous  spring.  In  one  year,  with 
a  cold  spring,  the  first  young  were  observed  on  October  7,  171  days  after  the 
earliest  record  of  mating;  in  another  year  with  an  early  spring,  the  first  young 
were  foiinil  on  .September  11,  172  days  after  the  first  mating  had  been  seen.  One 
brood  oi  this  subspecies  was  born  in  ca^itivity  on  September  20,  in  the  San  Diego 
Zoo.  GHssmeyer  (1951,  p.  24)  believes  that  in  the  vicinity  <A  Salt  Lake  City,  Utah, 
the  young  of  the  Great  Basin  rattlesnake  (C.  v.  lutosus)  are  bom  in  August  or 
September.  A  specimen  at  the  San  Diego  Zoo  had  young  on  September  3. 

As  to  prairie  rattlesnakes  (C.  v.  viridis),  A.  M.  Jackley  expressed  the  opinion  that, 
in  South  Dakota,  the  dates  when  the  young  are  bom  depend  considerably  on  the 
annual  differences  in  the  weather.  He  thought  that  in  years  of  heat  and  drought, 
most  of  the  young  were  born  between  August  12  and  September  5:  in  wet  years  tiic 
young  were  not  in  evidence  imtil  August  17,  and  some  were  not  bot  n  until  ()<  tober 
I.  In  a  lot  of  eight  gravid  females  from  Montana,  sent  to  Dr.  H.  K.  Gloyd  at  the 
Chicago  Academy  of  Sciences,  the  dates  of  birth  of  the  young  varied  from  August 
31  to  September  28;  the  median  date  was  September  11.  In  a  group  of  gravid 
females  that  I  received  £rom  South  Dakota,  births  occurred  on  August  14, 15, 18, 20 
(three  broods),  29,  30,  and  31.  One  year  A.  M.  Jackley  sent  me  79  young  rattlers 
from  Boncsteel,  South  Dakota,  all  of  which  were  stated  to  have  been  born  on 
August  21  to  23. 
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E.  M.  Chcuvront  of  Aliquippa,  Pennsylvania,  wrote  me  that  female  limber 
rattlesnakes  (C.  h.  horridus)  caught  in  early  September  gave  birth  to  young  on 
the  following  dates:  September  15,  18,  21,  21,  25,  26;  October  1,  8.  Other  birth 
dates  for  this  siibsptc  ies  ha\e  been  repoiied  as  follows:  September  6,  7,  12  (2),  18 
(Ditmars,  1936,  p.  370);  September  13,  15  (Conant,  1938,  p.  119;  1951,  p.  119); 
September  8  (Trapido,  1939,  p.  230);  September  9  (Breckenridge,  1944,  p.  159); 
August  26  (Edgren,  1948,  p.  132).  Clark  (1949,  p.  260)  stated  that  the  canebrake 
rattler  (C.  h.  atricaudatus)  in  Louisiana  has  its  young  in  late  summer.  C.  F.  Kauffeld 
advised  me  that  a  canebrake  brood  was  born  at  the  Staten  Island  Zoo,  July  20. 

J.  T.  Wright,  of  Tucson,  Arizona,  wrote  me  that  three  captive  Avcstcrn  diamond 
rattlers  (C.  atmx)  gave  birth  to  broods  in  late  August.  Gloyd  (1937,  p.  121)  found 
a  newly  born  brood  of  western  diamonds  in  southern  Arizona  as  early  as  July  30, 
and  another  on  August  ?>.  I  once  received  fiom  Iliram  J.  Voder  139  baby  western 
diamond  rallKrs  whost-  mothers  were  tolleeted  in  San  Patririo  (bounty,  Texas, 
shortly  before  they  gave  birth  to  their  young.  Mr.  Voder  said  that  the  young  were 
bom  between  August  15  and  20.  Breedings  of  this  species  in  captivity  have  led 
to  births  on  June  4  (Wiley,  1929,  p.  10)  and  July  19  (Lederer,  19S6,  p.  133). 

Ross  Allen  of  Silver  Springs,  Florida,  advised  me  that  captive  eastern  diamond- 
backs  (C.  adamanteus)  gave  birth  to  young  on  August  25,  26  (2),  September  5,  11, 
28,  29,  and  October  5.  Other  births  known  to  me  occurred  on  July  16  and  Septem- 
ber 11.  Kauffeld  (1913b,  p.  607)  reported  banded  rock  rattlesnakes  (C.  /.  klauberi) 
born  on  August  9,  and  Arizona  twin  spotted  rattlers  (C.  p.  pricei)  born  on  August 
18.  Stebbins  (1954,  p.  473)  recortled  that  a  specimen  of  klauberi  gave  birth  to  young 
on  August  9,  and  a  brood  of  C.  /.  lepidus  was  born  on  July  21.  Dunkle  and  Smith 
(1937,  p.  13)  came  upon  several  broods  of  Mexican  black-tailed  rattlesnakes  (C. 
m.  nigrescens)  with  their  mothers  on  July  8,  from  which  they  judged  that  the  little 
snakes  had  been  bom  within  a  day  or  so.  Stebbins  (1954.  p.  472)  reported  that 
captive  sidewinders  gave  birth  to  young  on  October  15,  and  November  4  and  28. 

Wri^t  (1910,  p.  221;  1941,  p.  666)  reported  that  captive  eastern  massasaugas 
(S.  C.  calenatus)  from  Illinois  gave  birth  to  young  on  August  17,  20,  30,  31,  and 
September  1  (two  broods).  Swanson  (1933,  p.  37)  mentions  a  brood  born  Septem- 
ber 7.  Brcckenrid.^e  (1944,  p.  152)  and  Conant  (1938,  p.  IIG;  1951,  p.  116)  each 
report  a  brood  born  August  6.  Pope  (1944,  p.  221)  has  recorded  a  brood  on  August 
30.  It  will  be  seen  that  all  the  massasauga  births  were  concentrated  within  the 
S2-day  period  August  6  to  September  7 

Some  dates  when  broods  of  living  young  were  born  at  the  San  Diego  Zoo  are  as 
follows:  Mexican  west-coast  rattlers  (C,  b.  bosiliscus)  Jvmc  27;  Mojave  Desert  side- 
winder (C.  c.  cerastes)  September  21  and  24,  and  October  15;  Colorado  Desert 
sidewinder  (C  c.  latrroirprns)  October  12  and  13,  November  1;  red  diamond 
(C.  r.  ruber)  August  10,  14,  18,  and  30,  and  October  1 1  and  10;  San  Lucan  diainoiid 
(C.  r.  lucaseusis)  January  15;  prairie  rattlesnake  (C.  f.  i-iridis)  ]u\y  27;  Coioiiado 
Island  rattler  (C.  v.  calignits)  August  26;  southern  Pacilit  rattler  (C.  v.  helleri) 
August  24,  September  12,  17,  21,  24,  and  27,  and  October  8  and  25;  Aruba  Island 
rattler  (C.  unicolor)  April  5,  May  13,  June  5  and  27;  eastern  massasauga  (S.  c, 
caienatu^  July  IS,  August  8,  and  September  3,  8,  and  24;  helleri  x  ruber  hybrids, 
August  II;  scutulatus  x  unicolor  hybrids,  June  10;  and  second-generation  hybrids, 
January  10,  March  20,  April  4,  June  18,  and  July  21. 
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Some  other  birth  dates  recorded  from  various  sources  arc:  Central  American 
rattler  (C.  d.  diirissns)  July  28;  timber  rattler  (C.  h.  horridus)  September  20; 
Omilteman  dusky  rattlesnake  (C  omilti  nunius)  August  .-U);  souilnvestern  speckled 
rattler  {C.  m.  pyrrlius)  Sei)tcmber  22;  northern  blackiail  (C.  in.  uiolossiis)  Auf^ust  7; 
Mojave  rattler  (C.  s.  scutulatus)  August  22,  September  18  and  20;  central-plateau 
dusky  rattler  (C.  *.  triseriatus)  December  1;  southeastern  pigmy  rattler  (S.  m. 
barbouri)  August  18;  southwestern  pigmy  rattler  (S.  tn,  streckeri)  August  10. 

Summarizing  these  birth  dates,  we  find  that,  out  of  119  broods,  41  were  bom  in 
September,  and  41  in  August,  followed,  in  order  of  pievalence,  by  12  in  October, 
9  in  July,  and  6  in  June.  The  other  10,  clearly  ofT-season  births,  were  scattered 
through  6  other  months.  There  can  be  no  doubt  that  most  of  the  young  of  our 
Near(  tic  rattlesnakes  are  born  in  the  last  half  of  August  or  the  first  part  of 
September. 

Places  of  Birth 

Although  some  of  my  correspondents  have  expressed  the  belief  that  mother  rattlers 
repair  to  the  hibernating  dens  to  have  their  broods,  so  that  the  young  may  readily 
locate  the  dens  when  the  season  for  hibernation  arrives,  this  is  highly  doubtful. 

Were  all  the  mothers  to  have  their  young  at  the  dens — ^this  would  be  two  to  fotir 
weeks  before  denning  time — it  is  obvious  that  the  concentration  of  young  rattlers 
thereabouts  would  be  \cry  high,  which  would  reduce  the  possibility  of  their 
securini;  the  lood  so  necessary  to  their  siuvival  thiough  tlu  ir  first  winter. 

A.  M.  Jatkley  had  this  to  say  about  the  habits  of  the  prairie  rattlers  oi  South 
Dakota: 

In  the  spring  the  females  leave  the  dens  with  the  rest  of  the  population,  and  then  late  in 
August  they  find  suitable  holes  or  cavities  wherein  they  g^ve  birth  to  their  young.  These 

plarts  I  mil  rookeries,  siticc  it  is  coniTiK>n  tn  find  a  dozen  or  more  females  quite  close  to- 
geilicr.  Ihc  distances  of  the  rookeries  from  the  dens  vary  a  good  deal,  but  I  tiiink  the  ma* 
jority  are  about  half  a  mile  from  the  dens,  and  rarely  are  they  doser  than  600  feet.  I  have 
noted  only  one  instance  wherein  a  female  actually  delivered  her  young  at  a  den.  Only  a 

sin.ill  proporlion  of  the  young  spend  their  first  winter  at  the  regular  dens.  It  is  my  ronrhi- 
siun  that  the  young  lake  refuge  for  their  first  hibernation  in  whatever  holes  they  can  find. 

The  habits  of  the  females  in  those  areas  where  no  rocks  arc  present  and  the  snakes  must 
necessarily  den  in  prairie-dog  towns,  arc  someivhat  different.  But  even  Iicrc  tliey  do  not  use 
the  regular  dens  as  refuges  in  uliicli  to  linve  their  younm,  but  seek  nut  old  dog  lioles  on  the 
outer  edge*  uf  the  dog  town,  holes  that  would  have  been  duscd  except  for  the  striped 
gophers  or  other  rodents.  They  dioose  such  holes  in  preference  to  the  more  open  holes. 
Where  the  dog  town  is  in  somewhat  rolling  country,  there  are,  as  a  ride,  a  number  of  old 
badger  and  skunk  boles  near  the  tops  of  the  ridges.  When  that  is  the  situation,  most  of  the 
young  arc  born  in  suth  holes. 

In  our  more  southern  areas,  where  the  snakes  do  not  gather  at  dens  from  wide 
areas,  but  rather  sock  iudi\idun]  rt  trt  ats  for  the  winter,  so  likewise  tlie  letnales, 
when  about  to  deliver,  seek  tlie  most  convenient  rotk  crevices,  mammal  boles, 
brush  piles,  or  other  places  that  affcnd  some  shelter. 

PARTURmON 

Just  as  the  discovery  of  snake  embryos  in  mother  snakes  is  the  basis  of  many  of  the 
tales  of  snakes  tliat  swallow  their  young  for  protection,  so  the  finding  of  c<;gs  before 
the  appearance  of  embryos  has  led  to  some  of  the  mistaken  statements  that  rattle- 
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snakes  lay  eggs  (e.g.,  Lugger,  1883,  p.  22(i:  S.,  I88;i  p.  7;  I.  Davis,  1889,  p.  182;  j.  1). 
Mitchell,  1903,  p.  35).  Actually,  the  eggs  are  retained  in  tiie  body  ot  the  mother 
until  the  young  are  ready  to  break  out  of  the  parchment-like  flexible  coverings. 
But  the  fact  that  rattlesnakes  are  ovoviviparous  (live  young  produced  in  egg 
capsules),  rather  than  oviparous  (egg-laying),  has  been  known  since  colonial  days 
(Tyson,  1683,  p.  26;  Dudley,  1723,  p.  294). 

Hernandez  was  told  as  early  as  1615  (fol.  192')  that  young  rattlers  were  born 
instead  of  being  hatched  from  eggs,  but  decided  that  those  who  had  a  contrary 
opinion  were  correct  (see  also  Hernandez,  1G28,  p,  329;  1651,  p.  329;  Nieremberg, 
1635,  p.  269).  Guthrie  (1927,  p.  13)  thought  the  iilca  that  rattlesnakes  lay  eggs  may 
have  gained  credence  ihrtnigh  .someone's  luuin;.;  seen  a  female  extrude  inlertile 
eggs,  as  they  sometimes  do.  But  it  is  more  probable  tiiat  tiie  bcliei  stems  Irom  the 
fact  that  many  kinds  of  snakes  do  lay  eggs;  or  from  the  discovery  of  developing  eggs 
in  the  body  of  a  mother. 

There  are  a  few  myths  concerning  oviparity  in  rattlesnakes.  Meek  (1946,  pp.  23, 
96)  reports  that  diamondback  rattlers  lay  eggs  under  rocks — ^that  is  the  wild  ones 
do;  those  in  captivity  bear  living  young.  Tome  (1928,  p.  114,  but  writing  in  the 
year  1800)  said  that  timber  rattlers  laicl  c  .  ^  always  in  odd-numbered  clutches) 
in  the  sand  on  river  banks.  After  they  had  been  in  the  sand  for  a  month,  the 
mother  snake  rctinncd,  swallowed  them,  and  subsequently — or  so  it  is  to  be 
jiresumed — gave  birth  to  living  young.  .And  there  is  a  story  now  going  the  rounds 
to  the  efie(  t  that  rattlers  east  of  the  Rockies  give  birth  to  living  young,  whereas 
those  to  the  west  lay  eggs. 

There  is  a  considerable  variation  in  the  intervals  that  separate  the  births  of  the 
successive  members  of  a  brood,  although  probably  less  in  the  wild  than  under  the 
conditions  of  captivity,  in  which  the  spacing  may  vary  from  a  minute  or  so  up  to 
hours  or  even  days.  When  the  brood  comprises  fully  formed  and  live  young,  the 
intervals  are  likely  to  be  shorter  and  more  regular  than  where  live  young  arc 
interspersed  with  infertile  eggs  and  defect ivo  yoimg.  In  the  latter  rase,  the  full 
deli\eiv  mav  take  several  months,  whereas,  under  more  natural  conditions,  the 
bio(Hl,  often  born  at  night,  will  be  observed  in  its  entirety  on  the  following 
morning. 

C.  H.  Pope  (1944,  p.  221),  in  observing  the  births  of  8  eastern  massasaugas  (S.  c. 
catenatus)  in  a  brood  of  11,  noted  that  it  required  from  1%  to  8  minutes  for  the 
completion  of  each  birth,  and  the  intervals  between  births  varied  from  a  few 
seconds  to  33  minutes.  The  newborn  remained  in  the  fetal  membrane  up  to  9 

minutes  after  delivery.  Wright  (1941,  p.  666)  reported  a  litter  of  8  massasaugas, 

all  born  within  an  hour,  or  at  an  average  rate  of  7'j  minutes  per  extrusion. 
Kauffcld  (19131),  p.  607)  noted  that  yoiuig  banded  rock  rattleis  (C.  1.  klauberi) 
broke  their  membranous  s.us  pronipt!\'  and  apparently  w  iilmut  dillu  ult\. 

Trapido  (1939,  p.  230)  has  recortled  the  details  of  the  bii  ih  of  a  brood  of  timber 
rattlers  (C.  h.  horridus)  to  a  mother  that  had  been  in  captivity  somewhat  less  than 
three  weeks.  This  was  on  September  8,  1933.  His  observations  may  be  summarized 
as  follows: 

1.  Ten  young  were  produced  by  a  four-foot  Crotalus  h.  horridus  over  a  period 
of  approximately  4%  hours  during  the  middle  of  the  day. 
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2. 1'he  intervals  at  which  the  young  were  extruded  from  the  mother  varied  from 
11  to  51  minutes,  with  an  average  of  33  minutes. 

3.  riie  period  lioiii  tlie  fust  apjiearance  of  the  young  at  the  cloaca  to  the  time  o£ 
complete  extrusion  varied  from  5  to  25  minutes. 

4.  The  lime  from  the  extrusion  of  the  young  to  the  rupturing  of  the  fetal  mem- 
brane may  be  as  long  as  43  minutes,  or  the  membrane  may  be  raptured  at  or  just 
before  the  actual  parturition.  Only  the  one  that  required  43  minutes  seemed  to 
experience  any  real  trouble  in  getting  out. 

5.  The  o>iled  young  ruptured  the  fetal  membranes  by  a  series  of  upward  thrusts 
of  the  snout. 

6.  The  lunbiiical  stalk  dried  up  and  broke  off  within  a  day  after  birth. 

In  rattlesnakes,  the  point  of  attachment  of  the  umbilical  stalk  is  shown  by  a 
short  longitudinal  scar  that  crosses  one  or  more  ventral  plates.  It  remains  in 

evidence  for  some  months. 

Lederer  (1936,  p.  133)  observed  contractions  in  the  posterior  of  a  female  before 
the  birth  of  young,  and  that,  as  the  young  were  born,  rhythmic  contractions  of 
the  body  forced  tlie  reniainini^  embryos  toward  the  cloaca. 

How  protracted  a  more  unnatural  birth  series  may  be,  is  shown  by  the  following 
record  of  a  red  diamond  rattler  at  the  San  Diego  Zoo  in  1941:  August  18,  two 
infertile  eggs;  September  8,  one  infertile  egg;  September  30,  one  infertile  egg; 
October  4,  one  infertile  egg;  November  29,  one  dead  young.  Another  record  from 
the  same  spedes  follows:  At  9: 10  a.m.  August  14,  1941,  it  was  noted  that  there 
were  two  premature  and  one  live  young  in  the  cage,  bom  during  the  night.  Then 
followed  at  9:21  a.m.,  another  premature;  11:10,  a  defective  egg;  1 1 : 17,  a  defective 
egg;  11:21,  a  live  snake  but  witli  one  imperfect  eye;  11:  !8,  a  defective  egg;  12:46 
P.M.,  a  defccti\c  egg;  12:50,  a  defective  egg;  1:00,  a  dcfccti\e  egg;  1:02,  a  defective 
egg;  1:14,  a  live  snake;  2:05,  a  defective  egg.  Another  bad  egg  was  passed  during 
the  night;  and  early  on  the  morning  of  August  16  another  dead  young  was  born. 
In  connection  with  these  defective  broods,  it  may  be  noted  that  they  occasionally 
result  in  the  death  of  the  mother. 

C.  B.  Perkins  has  observed  that  9  out  of  10  young  rattlers  are  bom  with  the 
fetal  membrane  unruptured.  They  apparently  have  little  troul)lc  in  Iji  raking  out, 
and  this  tliey  do  rather  promptly  if  they  are  full-term  young.  They  then  crawl  to 
a  corner  of  the  cage  where  they  coil  up  and  rest. 

YOUNG  RATTLESNAKES 

The  Egg  Tooth 

Most  snakes  (and  many  other  reptiles  as  well)  have  an  egg  tooth,  a  temporary  and 
specialized  tooth  at  the  front  of  the  upper  jaw.  It  serves  the  purpose  of  aidii^  the 
young  to  cut  through  the  flexible,  yet  tough,  egg  sheath  that  surrounds  it.  In  the 

ovoviviparous  forms,  such  as  the  rattlesnakes,  the  fetal  capsules  are  thinner  walled 
and  softer  than  the  eggs  from  which  the  oviparous  snakes  must  escape,  and  the 
egg  tooth  is  less  important.  It  is  inconspicuous  and  difficult  to  find,  and  is  to  be 
seen  only  in  embryos  or  in  young  just  after  birth. 


Copyrighted  material 


730  Reproduction 

In  the  rattlesnakes,  the  egg  tooth  is  probably  of  little  value.  Hay  (1892,  p.  386) 
thought  that  o\o\i\'iparoiis  snakes  might  shed  the  tooth  before  birth.  He  found 
the  tootli  present  in  an  ahnost  completely  developed  embryo  massasau^^a  (S.  c. 
catcnatus),  but  observed  it  was  not  pointed  forward  as  in  otiicr  genera.  Allen 
(1933,  p.  H)  identified  egg  teeth  in  two  sets  of  embryo  black-tailed  rattlers  ((7.  m. 
molossus),  but  they  were  relatively  less  conspicuous  in  the  set  nearest  birth.  Gloyd 
(1937,  p.  128)  observed  egg  teeth  in  embryo  banded  rock  rattlers  (C.  {.  klauberi)t 
but  Kaulfeld  (194Sb,  p.  607)  could  not  find  them  in  newly  bom  young  of  the  same 
subspecies. 

Smith,  Bel  lairs,  and  Miles  (1953,  p.  265)  found  that  in  the  massasauga  (5.  c. 
catenatus)  the  egg  tooth  curves  upward  and  probably  has  no  function.  In  the 

western  diamond  (C.  atrox)  and  the  Mexican  west-coast  rattler  (C.  b.  basiliscus), 
the  egg  tootli  curves  forward,  as  it  docs  in  snakes  ol  tlic  genus  Natrix.  They  believe 
it  may  l>c  useful  for  tearing  tbe  embryonic  covcrnig.  Trapido  (1939,  p.  230)  ob- 
ser\ed  that  the  massasaugas,  as  they  ruptured  their  fetal  membranes,  made  a  series 
of  upward  thrusts  of  the  head,  a  motion  that  might  have  brought  the  egg  tooth 
into  play. 

I  have  found  the  egg  tooth  in  embryos  of  C.  atrox,  C.  b,  basiliscus,  C.  e.  en^, 
C.  m.  molossus,  C.  v.  helleri,  C.  v.  lutosus,  and  C.  v,  nuntius.  It  lies  mcdianly  in  the 
front  of  the  upper  jaw,  just  back  of  tlic  recurved  and  indented  edge  of  the  rostral 
plate.  Because  of  its  being  so  far  back,  it  is  difficult  to  see  how  it  can  be  of  service, 
unless  the  snake  can  thrust  forward  the  preniaxillai^  to  which  it  is  attached.  In 
these  rattlesnakes,  the  tooth  is  so  small  as  to  be  foimd  with  difficulty.  In  a  preserved 
snake,  it  can  be  seen  as  a  slightly  yellowish  point  surrounded  by  white  tissue;  and 
an  exploratory  needle  will  diow  the  point  to  have  a  hard  surface  like  any  tooth. 
In  Crotalus  it  curves  from  the  vortical  until  the  point  is  directed  forward. 

Congenital  Def  tcxs 

One  is  imfHressed  with  the  high  proportion  of  defective  young  that  appear  in 
broods  of  snakes  born  or  hatched  at  the  San  Diego  Zoo.  This  is  true  of  rattlesnakes, 
among  others.  It  may  be  presurnt  ti  ihat  the  proportion  of  defe(  ii\e  young  and 
infertile  eggs  in  captive  broods  exceeds  the  proportion  that  occurs  under  normal 
conditions  in  the  wild.  Here  are  the  records  of  two  broods  of  red  diamond  rattle- 
snakes: First  brood — ^two  normal  young,  one  live  young  but  with  a  defective  eye, 
four  bom  dead,  nine  eggs  (probably  infertile);  second  brood— eight  normal  young, 
one  alive  but  with  a  very  small  head,  one  alive  but  without  a  left  eye,  one  bom 
dead,  nine  eggs  (probably  infertile). 

Subsequent  to  1931,  there  were  born  at  the  San  Diego  Zoo  28  rattlesnake  broods 
that  contained  one  or  more  live  young,  which  shows  that  fertilization  had  been 
effected.  There  were  274  young  or  eggs  involved.  The  composition  was  70  per 
cent  live  young,  12  per  <  ent  dead  young,  and  18  per  cent  eggs,  presumably  infertile. 
Broods  containing  defective  young  massasaugas  (5.  c.  aUmatus)  are  mentioned  by 
Swanson  (193S,  p.  37)  and  by  Wright  (1940,  p.  221;  1941,  p.  666). 

Tu£  First  Shedding 

Young  rattlesnakes  usually  shed  their  skins  for  the  first  time  about  a  week  or  10 
days  after  birth.  Here  are  some  examples  from  the  records  of  the  San  Di^  Zoo: 
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A  brood  of  eleven  red  diamonds  (C.  ; .  ruber),  born  October  16,  shed  on  October 
26  and  27;  nnd  another  brood  of  tliixc,  born  August  10,  shed  on  August  21.  A 
brood  of  three  southern  Pacifies  (C.  x'.  hrllcri),  born  August  21,  shed  on  Sepi(  nil)er 
3;  another  brood  of  nine,  born  August  1 1,  shed  between  August  19  and  21 ;  and  still 
another  brood  of  three,  born  September  24,  shed  on  September  30.  Six  sidewinders 
(C.  c.  laterorepens)  were  born  on  November  4,  and  all  but  one  shed  on  Novonber 
11.  Nine  others  {C.  c,  cerastes),  bom  on  October  15,  shed  from  8  to  10  days  later. 
A  brood  of  14  timber  rattlers  (C.  h.  korridus)  was  born  September  20;  the  first 
shedding  occurred  on  October  3,  most  of  the  rest  on  the  fdth,  and  the  last  by  the 
sixth.  Of  a  brood  of  four  dusky  rattlesnakes  (C.  t.  triscrintus),  two  shed  on  the 
seventh  day,  one  on  the  ninth,  and  the  last  on  the  tenth  day  after  bii  th.  In  a  large 
brood  (2t))  of  the  Mexican  west-coast  rattler  (C.  b.  basiliscus),  the  fiist  shed  on  the 
fomth,  and  the  last  on  the  ninth  day  after  birth.  More  than  half  shed  on  tlie  sixth 
and  seventh  days.  Tlie  earliest  shedding  was  observed  in  a  brood  of  seven  Aruba 
Island  rattlesnakes,  all  whidi  shed  within  16  hours  of  birth.  Shedding  within  a 
day  of  birth  was  noted  in  two  other  broods  of  this  species. 

Trapido  (1939,  p.  230)  mentions  a  brood  of  timber  rattlers  that  shed  17  to  19 
days  after  birth.  Kauffeld  (1943b,  p.  607)  states  that  a  brood  of  banded  rock  rattlers 
(C.  /.  klanberi)  shed  in  8  to  10  days,  and  a  brood  of  Arizona  twin-spotted  rattlers 
(C.  p.  pricci)  in  6  to  10  days.  Marcy  (1915,  p.  169)  reported  on  a  brood  of  Afcxican 
west-(oast  l  attlers  (C  b.  basiliscus),  of  which  the  first  individual  sired  on  the  fotn  tii 
day,  and  the  rest  by  the  seventh.  As  to  the  massasauga  (S.  c.  catruatus),  Conant 
(1938,  p.  116;  1931,  p.  116)  mentions  a  brood  that  shed  within  2  days,  and  Tope 
(1944,  p.  221)  another  that  shed  within  8  days  of  birth.  I  think  we  may  conclude 
that  young  rattlers  usually  shed  for  the  first  time  at  an  age  of  from  7  to  10  days. 

With  their  first  shedding,  young  rattlers  also  shed  the  rattle  with  which  they  are 
born  (the  prebutton),  for  it  is  thin  and  flexible  and  is  not  greatly  different  from 
the  skin  of  which  it  forms  the  terminus.  This  shedding  bares  the  true  button, 
which  is  not  disturbed  by  sid)se(]uent  sheddings,  but  remains  at  the  end  of  the 
1  attic  string  until  it  is  eventually  lost  by  breakage.  One  of  the  l)cst  tests  for  the  age 
of  young  rattlers  is  the  presence  or  absence  of  the  prebutton;  if  it  is  still  in  evidence, 
the  youngster  is  probably  less  than  10  days  old. 

Young  per  Brood 

Generalities  with  respect  to  the  numbers  of  young  rattlesnakes  in  broods  are  rather 
unsatisfactory,  since  there  are  considerable  dilTc  rences  between  sjjecies.  For  this 
reason  it  is  thought  best  to  present  in  tabular  form  (table  10:3)  such  detailed  sta- 
tistics on  the  subject  as  been  acciunidated  within  the  past  thirtv  years.  The 
daia  include  publishetl  iigures,  .San  Dieyo  /oo  records,  those  of  my  corres])oiidents, 
and  coimts  of  eggs  and  embryos  made  on  preserved  .specimens  in  my  laboratory. 

Although  this  table  gives  some  idea  of  the  normal  composition  of  broods,  its 
accuracy  is  not  all  that  might  be  desired.  Many  of  the  figures,  particularly  those  of 
the  prairie  and  northern  Pacific  rattlesnakes,  are  based  on  counts  of  developing 
^gs,  rather  than  young  actually  born.  It  is  known  frf)ni  observations  on  captive 
snakes,  and  this  seems  to  be  particularly  true  of  those  which  have  been  in  captivity 
ior  some  time,  that  infertile  eggs,  as  well  as  dead  or  defective  voung,  are  quite 
prevalent — to  such  an  extent,  in  tact,  tliat  I  have  estimated  that,  on  the  average. 
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there  would  be  tliree  Icwer  live  young  than  tie\  i  lo[.)iii!j;  eggs.  But  no  ix  tint  t ions 
upon  this  score  have  been  made  in  tiie  ligurcs  tontained  in  the  table.  Necessarily, 
were  the  data  restricted  to  live  births,  only  captive-born  broods  could  be  included, 
for  when  young  rattlers  are  found  with  their  mothers  in  the  wild,  one  cannot  be 
sure  that  they  are  either  a  single  brood  or  a  complete  brood. 

If  eggs  are  counted  to  determine  birth  rates  and  sizes  of  broods,  especially  during 
the  time  when  the  eggs  are  in  the  ovaries  rather  than  in  the  oviducts,  it  is  necessary 
to  distin<ruish  between  cj^gs  and  the  corpora  lutea.  Also  it  is  essential  that  there  be 
no  conscious  selection  of  adult  females  with  respect  to  si/c,  since  the  larger  mothers 
tend  to  have  nioie  >i)ung  than  the  smaller.  This  was  shown  by  counts  of  developing 
eggs  in  the  ovaries  of  two  large  series  of  prairie  rattlesnakes  wherein  there  was  an 
evident  correlation  between  the  size  of  mother  and  number  of  eggs.  In  these  two 
series,  the  coefficients  of  correlation  were  0.711  and  0.704  (Klauber,  1936b,  p.  19). 

From  table  10:3  we  do  note  some  items  of  interest.  There  is  a  tendency  of  the 
larger  species  to  have  more  numerous  broods  than  the  smaller.  The  subspecies  of 
the  tropical  rattlesnake  (C.  durissus)  and  particularly  its  relative,  the  Mexican 
west-coast  rattler  (C.  h.  hfisilisrus)  are  higldy  prolific. 

I  am  unable  to  explain  the  diHerence  in  the  productivity  of  the  two  closely  re- 
lated subspecies  of  C.  viridis,  the  prairie  and  northern  Pacific  rattlers,  unless  it  be 
that  the  former  has  compensated  for  its  biennial  reproductive  schedule  by  pro- 
ducing larger  broods,  while  the  latter,  even  in  the  northern  areas  of  the  Pacific 
region,  may  adhere  to  an  annual  schedule,  thus  producing  smaller  but  more  fre- 
quent  broods.  Or  it  may  be  that  the  infant  mortality  rate  is  greater  in  the  severer 
winter  climate  of  the  Missouri  Basin. 

A.  M.  Jackley  had  this  to  say  about  the  fecundity  of  the  prairie  rattlesnake: 

During  the  past  25  years  I  have  dissected  a  great  many  females  to  determine  their  prodiic- 
tiun  late.  I  found  thai  lliosc  bearing  young  ilic  fast  time  produce  from  six  to  eight  and  in 

very  rare  instances  only  four.  I  estimate  that  75  per  cent  yield  six  and  25  per  cent  eight.  The 

maximum  is  most  interesting.  On  one  occasion  I  dissected  a  large  female  in  uhicli  tiicrc 
nrrc  2'}  uell  tic". eloped  eggs.  The  next  largest  niuiiber  of  sound  eggs  was  21.  7  he  liighest 
numbcis  ot  actual  embryos  were  as  fuUous:  2  with  19  and  close  to  20  with  18.  1  iic  largest 
litters  found  in  the  field  with  the  mothers  were  18  and  there  were  only  two  of  them.  Three 
gave  birth  to  18  each,  within  a  week  after  they  were  captured.  Many,  though  the  per- 
centage is  low,  had  16.  Twelve  and  14  are  common  litters  for  llie  old  snakes.  My  over-all 
estimate  is  an  average  production  rate  of  10  biennially. 

Some  of  the  piiblislicd  a\  ci  a^c  s  and  ranges  of  variation,  in  the  niinibcrs  of  young 
per  brotxl  or  set  of  developing  eggs  in  the  rattlesnakes  are  the  following:  Eastern 
diamondback  (C.  adamanteus)  7  to  18  young,  average  9  or  10  (Siickel,  1951,  p.  11); 
western  diamondback  (C.  atrox)  4  to  23  young,  average  9  (Stickel,  1951,  p.  11); 
sidewinder  (C.  cerastes)  5  to  16  young,  average  9  (Stickel,  1951,  p.  11);  timber  rattle- 
snake (C.  h,  korridus)  5  to  17  young  (Lueth,  1941b,  p.  21),  5  to  17  young,  average 

11  (Stickel,  1951,  p.  11);  red  diamond  rattlesnake  (C.  r.  ruber)  5  to  13  young,  aver- 
age 8  (Stickel,  1951,  p.  11);  prairie  rattlesnake  (C.  t'.  x>iridis)  4  to  21  younG;.  average 

12  (Smith,  1950,  p.  305),  1  to  23  yoimg  (Stickel.  1951,  p.  1 1);  Great  Basin  rattlesnake 
(C  V.  lutosiis)  2  to  9  eggs,  average  5.5  (GHssiiiever,  1951,  p.  25);  northern  Parific 
rattlesnake  (C  v.  orcganus)  4  to  25  eggs,  average  9.9  (Fitch,  1919a,  p.  539);  eastern 
massasauga  (5.  c.  catenatus),  4  to  13  young  (Lueth,  1941b,  p.  20),  5  to  14  young, 
average  8  (Pope,  1944b,  p.  221),  average  8  to  9  (Smith,  1950,  p.  298),  3  to  12  young. 
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average  7  (Stickel,  1951,  p.  11);  southeastom  pigmy  rattlesnake  (S.  m.  barbouri) 
avcrngc  8  to  9  (Allen  and  Xcill,  1950b,  p.  10);  (S.  miliarius)  5  to  18  young,  average 
8  to  9  (Stic  kel,  1951,  p.  11).  Sonic  of  these  figures  may  have  been  derived  from  my 
own  previously  published  t;ible  (Klauber,  193fib,  p.  22). 

Two  xcry  large  broads  reported  in  the  literature  have  not  been  included  in  the 
table.  Bridges  (1944,  p.  125;  Duncan,  1945,  p.  171)  mentions  a  medium-sized  western 
diamond  rattler  (C.  atrox)  that  gave  birth  to  46  young — 26  alive  and  20  dead.  The 
magazine  St,  Louis  Zoo  (vol.  II,  no.  4,  p.  S,  1940)  reported  a  diamondback  that 
gave  birth  to  52.  There  may  have  been  confusion  with  the  prolific  Mexican  west- 
coast  rattler  (C.  b.  basilisciis). 

On  the  fantastic  side,  Carver  (1779,  p.  485)  claimed  to  have  killed  a  mother 
timber  rattler  with  70  young;  he  had  seen  her  swallow  them  for  protection.  Bel- 
trami (1828,  vol.  2,  p.  162)  was  told  by  a  man  of  "uninipcachable  veracity"  that  he 
had  killed  a  mother  rattler  that  contained  140  young,  several  of  whidi,  in  turn, 
contained  other  young  ones.  Spoofing  the  tenderfoot  %vas  no  doubt  an  ancient 
practice  even  then. 

In  summary,  it  may  be  said  that  our  commonest  and  most  important  spedes  of 
rattlesnakes  found  in  the  United  States  probably  average  8  to  10  young  per  brood. 
Data  supplemental  to  table  10:3: 

a.  Subspecies  of  which  less  than  five  records  are  available  (in  the  range  1  to  21 

young): 

C.  basilisciis  basiliscus  14,  20 

C.  cerastes  cercobombus  10 

C.  durissus  durissus  12, 18 

C.  durissus  terrificus  10,  12,  16, 19 

C.  enyo  enyo  6,  9 

C.  exsul  3 

C.  interm^ius  omittrnmanuM  4 

C.  lepidus  morulus  .^,-1,8 

C.  miichelli  miuhelli  3,  4.  4,  5 

C.  miichelli  muerteruis  1,  S 

C.  molossus  nigrescens  2,  4 

C.  fwtystidiis  20 

C.  tigris  4,  5 

C.  tortugensu  5, 6 

C.  trisci  iaius  fujuHiis  1 

C.  I'iridii  aliyssus  G,  13 

C.  I'iridis  cerberus  6.  6,  9 

C.  viridis  decolor  7 

C.  u'illardi  mUardi  6, 9 

C.  U'illardi  siltis  2 

S.  calcnalus  tergeiniuus  3,  4,  9,  9 

5.  miliarius  miliarius  S,  9 

S.  miliarius  sircckeri  4, 0,  G,  7 

S.  raxms  8,  9 

b.  Records  above  21  eggs  or  young: 

C.  atrox,  22,  23.  21 

C.  basiliscus  basiliscus  26, 26. 28, 29,  30,  30,  SI,  41, 47, 49. 60 
C.  durissus  durissus  47 
C.  durissus  totonacus  37 
C.  honidus  horridus  22. 30 


Copyrighted  material 


Reproduction  735 


Variations  in  Size  of  Young 

The  smaller  Unds  of  rattlesnakes  have  proportionately  larger  young  than  the 
larger  spedes.  In  the  smallest  species  the  young,  when  bom,  measure  30  per  cent 
or  more  of  the  ultimate  size  reached  by  the  adult  males,  whereas  in  the  larg^t 
species  the  young  at  birth  measure  only  about  18  to  20  per  cent  of  the  full-grown 

males.  For  example,  an  adult  male  Carolina  pigmy  rattler  reaches  a  length  of 
about  530  inni.  (lil  in.)  niul  the  young  at  birth  arc  about  IfiO  mm.  (T)'i  in.)  or  150 
per  cent  of  ultimaic  length.  On  the  other  hand,  a  large  male  red  diamond  rattler 
may  reach  1,100  mm.  (.'),')  in.);  the  young  at  birth  average  P)00  mm.  (ll'fi  in.)  oi' 
only  2.1A  per  tent  ot  ulumaLe  size.  Further  data  giving  the  lengiiis  oi  most  species 
ot  rattlesnakes  at  birth  and  the  ultimate  adult  size  will  be  found  in  table  4:1.  An 
approximate  generic  curve  expressing  the  relationship  between  the  average  size 
at  birth  (B)  and  the  size  of  a  large  male  (L),  both  in  millimeters,  is  given  by  the 
following  equation:  B  =  37.0  +  0.263Z.  —  0.00000521M  Sexual  dimorphism  in  size 
at  birth  is  almost  negligible;  the  males  average  about  one  per  cent  longer  than  the 
females  (Klaul)er.  1937,  p.  12). 

As  has  l)een  pointed  out,  wiihin  each  sjieeies  or  subspecies  ol  rattlesnake  the 
larger  motlurs  lend  to  ha\e  moie  xoung  than  the  smaller.  It  has  been  stated  by 
some,  that  when  the  broods  are  smaller  the  individuals  comprising  them  are  larger, 
SO  that  a  sacrifice  in  numbers  gives  the  )  oungsiers  a  better  start  in  life.  I  failed  to 
find  this  latter  correlation  in  a  series  of  broods  of  the  prairie  rattlesnake  from 
Montana  (Rlauber,  1937,  p.  8),  but  additional  studies  of  larger  series  might  validate 
the  hypothesis. 

A.  M.  Jackley  was  of  the  opinion  that  there  may  be  annual  differences  in  the  size 
of  the  young,  caused  by  weather  differences.  He  wrote: 

The  rattlers  in  this  vicinity  gi\c  birth  to  their  young  ivithtn  a  period  ot  four  weeks,  be- 
ginninc,'  al^out  August  15th.  But  in  1912  the  young  were  born  on  an  average  of  about  10  days 
later  than  usual,  and  in  1913  as  much  as  two  weeks  later,  and  the  young  seemed  stunted. 
In  the  spring  of  19^,  because  of  the  weather,  the  snakes  were  not  able  to  leave  their  dens 
until  early  In  June,  and.  In  194S,  many  were  delayed  until  July. 

There  is  a  considerable  dispersion  in  the  size  at  birth  of  the  youngsters  compris- 
ing  a  single  brood.  I  investigated  the  extent  of  this  variation  in  a  number  of  broods 
(Klauber,  1937,  p.  7)  and  found  that,  in  broods  comprising  not  less  than  eight 

young,  and  omitting  any  broods  measured  more  than  a  week  after  birth,  the  co- 
efficient of  variation  averaged  about  V-i  per  cent.  Additional  calculations  indi- 
cated that  the  coefficients  of  most  natural  broods  iirc  below  -1  jjer  cent.  The  size 
dispersions  of  the  young  snakes  arc  foiuid  to  follow  the  normal  probability  curve, 
except  that  stunted  specimens,  or  runts,  are  more  connnon  than  those  that  are 
unusually  large. 

To  visualize  what  this  variation  means  in  a  typical  brood,  assume  a  brood  of  red 
diamond  rattlers  averaging  12  inches  in  length.  Then  about  half  of  the  youngsters 
will  fall  between  1 1.7  and  12.3  inches;  and  90  per  cent  will  be  no  shorter  than  1 1.2 
nor  longer  than  12.8  incites.  This  gives  an  idea  of  the  consistency  implied  in  a 

coefficient  of  variation  of  4  per  cent. 

As  alieady  mentioned,  broods  of  yoiuig  snakes  l)orn  (or  hatched  from  eggs)  in 
captivity  often  contain  defective  or  deformed  individuals — ^snakes  with  small  heads. 
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without  eyes,  with  a  fused  loop  of  the  body,  etc.  Others,  although  well  lonncd,  arc 
obviously  stunted.  Many  of  these  defects  arc  lethal,  so  that  even  it  the  young  are 
born  alive  they  cannot  long  survive.  But  although  this  elimination  of  defectives 
tends  to  decrease  variations  within  a  brood,  the  coefficient  of  variation  in  length, 
in  a  group  of  unrelated  youngsters,  is  usually  higher  than  in  a  brood,  since  parental 
heterogeneity,  which  may  be  either  genetic^  environmental,  or  both,  becomes  effec- 
tive. Thus,  in  groups  of  young  not  restricted  to  a  single  brood,  the  coefficient  of 
variation  is  likely  to  be  about  5  per  cent;  and  within  a  short  time  after  birth  the 
variations  in  length  become  still  <ircater  because  of  the  variable  fortunes  of  the 
individuals  in  the  securing  of  food.  Hence,  by  the  time  the  young  snakes  enter 
their  first  hibernation,  the  coefficient  of  variation  of  the  young-of-the-year  is  likely 
to  teach,  or  somewhat  exceed,  8  per  cent. 

Maternal  Protection  and  Association 

It  is  generally  believed  that  young  rattlesnakes  remain  with  their  mother  for  only 
a  few  hours  after  birth,  or  a  day  or  so  at  most.  Their  propinquity,  such  as  it  is, 
does  not  result  from  any  maternal  solicitude;  rather  it  is  only  because  the  refuge 
sought  by  the  motlier  is  also  used  as  a  hiding  place  by  the  young.  Thus,  when  a 
mother  is  found  with  her  brood  it  may  be  taken  as  an  indication  that  their  birth 
was  of  recent  occurrence.  Of  course,  the  mere  presence  of  young  with  an  old  rattler 
is  not  always  proof  of  a  maternal  relationship.  However,  if  the  young  still  have 
their  prebuttons,  a  proof  that  they  have  not  shed  for  the  first  time,  they  are  prob- 
ably less  rhan  10  days  old,  and  may  indeed  be  a  brood.  This  matter  nf  the  associa- 
tion of  young  with  their  mother  would  not  be  complete  without  mention  of  the 
widespread  belief  that  mother  rattlesnakes  swallow  their  young  for  protection 
when  danger  tlueatens.  I  his  myth  has  been  discussed  at  some  length  elsewhere 
(p.  1276). 

There  have  been  several  published  accounts  of  youi^  found  with  their  mothers. 
Audubon,  in  his  journal  (1906,  p.  146),  tells  of  digging  out  a  rattler  (presumably  a 
western  diamond)  from  a  hole  under  mcsquite  and  cactus  in  Arizona.  At  a  depth 
of  two  feet  a  mother  rattler  was  found  with  nine  young.  Gloyd  (19.S7,  p.  121)  came 
upon  a  western  diamond  (C.  atrox)  female  with  her  newly  born  brood  of  eight. 
W'hen  disturbed,  they  took  refuge  in  rocks  behind  the  mother.  This  was  on  the 
morning  of  July  31,  1930,  near  the  mouth  of  Carr  Canyon,  lluachuca  Mountains, 
Arizona. 

Dunkle  and  Smith  (1937,  p.  13)  found  several  Mexican  black-tailed  rattlers 
(C.  m.  nigrescens)  in  July  with  their  broods  under  rocks  and  a  ledge  along  a  canyon 
rim — that  is,  they  were  assumed  to  be  mothers  and  broods,  although  adult  males 
were  also  present.  P.  Anderson  (1942,  p.  217)  found  a  female  timber  rattler  (C.  A, 
horridus)  with  four  yoimg  in  Jackson  Cfnuitv,  Missouri,  September  8,  19-11. 

.Some  of  the  observations  of  mothers  and  young  made  by  ray  correspondents  are 
as  follows: 

The  mother  instinct  has  never  been  noted  in  rattlesnakes.  The  mother  saves  herself  if  she 
can,  leaving  the  young  to  shift  for  themselves.  There  is  a  current  story,  repeated  by  tiie 
mountain  people  hereabouts,  to  the  effect  that  when  you  approach  a  moil  in  rattler,  she  will 
s^vallow  her  young,  and  when  danger  has  passed,  she  will  permit  thcin  to  crawl  from  her 
mouth.  This  1  have  never  seen,  or  thought  to  he  true.  John  H.  Stanley,  V.  S  forest  Setrire, 
Andrews,  N.  C. 
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Rattlers  pay  hut  small  attention  to  their  young.  They  are  mostly  on  their  OWn  after  being 
born.  Riley  R.  Osborn,  Game  Warden,  Torrey,  Utah. 

■o 

My  father,  while  riding  in  the  Qttlia  District  of  the  Minidoka  National  Forest,  came 
upon  a  large  tattler.  It  acted  queerly  and  went  under  a  rock.  Because  of  its  peculiar  actions 

he  got  a  pole  and  pried  the  rock  over.  He  found  the  old  snake  and  twelve  young  about  10 
inclics  long.  Merlin  R.  Stock,  U.  S.  Forest  Service,  Twin  Falls,  Idaho. 

o 

I  ran  acro&s  a  rattlesnake,  a  fair-sized  one  about  three  feet  long,  l)ing  coiled  up  on  a  flat 
rock.  The  rock  was  about  two  inches  thick.  I  killed  the  snake  and  was  about  to  leave  when 
I  noticed  two  small  ones  under  the  edge  of  the  slab.  I  turned  the  rock  ovtr  and  found  18 
in  all.  Eddie  Buchta^  U,  S.  Fish  and  Wildlife  Service,  Moneta,  Wyo. 

o 

While  it  is  possible  that  a  mother  rattler  protects  her  young  for  a  week  or  so,  yet  it  seems 
more  likely  she  remains  in  one  place  only  to  recuperate  after  their  birth.  At  any  rate,  when 
she  comes  out  of  her  retreat  and  assumes  a  resting  position,  the  little  fellows  like  to  coil  on 
top  of  her,  or  closely  against  her  sides.  I  captured  two  such  females  whose  liitcis  were  shed- 
ding, thus  indicating  how  long  they  had  stayed  with  their  mothers,  for  young  rattlers  shed 
their  skins  for  the  first  time  from  7  to  10  days  after  birth.  But  soon  the  mother  must  go 
hunting  for  food  and  so  they  scatter. 

Here  is  one  such  occurrence:  Ten  little  ones,  probably  three  days  old,  wrie  bunched  by  the 
side  of  a  hole  about  two  inches  in  diameter.  I  watched  them  for  some  time,  hoping  the 
mother  would  come  out  and  join  them.  Finally,  otmcluding  that  she  would  not,  I  drew 
them  away  from  the  hole  with  a  quick  jerk  of  my  rake.  Almost  instantly  the  mother  came 
halfway  out  of  the  hole  and  made  a  quick  lunge  for  the  rake.  A.  M.  Jackley,  Pierre,  S.  Dak. 

Henry  Shelton  told  me  that  when  he  overturned  a  rock  under  which  there  was  a 
southern  Pacific  rattlesnake  and  her  brood  of  11  young,  the  mother  seemed  to  try 

to  protect  the  young,  aiui  did  not  attempt  to  escape  until  all  were  killed. 

There  will  be  noted  in  these  accounts  some  discrepancies  as  to  the  length  o£  time 
the  mother  remains  with  her  young,  and  tlie  degree  of  protection  she  exercises. 
As  I  stated  initially,  there  is  no  final  e\idence  that  young  rattlers  stay  with  their 
mothers  for  moic  than  a  day  or  so  at  most;  if  they  are  fouiul  together  there  is  no 
prtwf  that  the  young  rattlers  are  more  than  a  few  days  old  or  tliat  their  propinquity 
is  caused  by  other  than  the  use  of  a  common  refuge.  The  sizes  of  young  rattlesnakes 
are  consistently  underestimated  by  observers,  just  as  adult  lengths  are  exaggerated. 
One  correspondent  mentioned  snakes  as  short  as  two  and  one-half  to  three  indies, 
and  another  thought  the  young  must  have  been  with  the  mother  for  some  time  as 
they  had  attained  a  length  of  eight  inches.  But,  as  a  matter  of  fact,  the  young  of 
even  the  smallest  species  of  rattlesnakes  are  about  six  inches  long  at  birth,  and 
such  common  foi  nis  as  the  suIjsjkx  it  s  ot  tluj  western  rattlesnake  are  about  10  inches, 
and  of  the  diamondbacks  12  inches  or  more. 

Only  the  hnding  ot  a  mother  rattler  witli  a  brood,  the  members  of  which  had  not 
shed  for  the  first  time,  would  prove  that  the  young  had  remained  with  the  mother 
upward  of  a  week  or  so,  which  is  the  average  interval  between  birth  and  the  first 
shedding.  But  unfortunately,  even  then,  there  would  be  no  proof  that  the  young 
were  actually  hers. 

In  captixitv  mother  rattlesnakes  evince  no  solicitude  for  their  recently  born 
young.  1  rue,  the  young  often  lie  close  to  or  e\cn  on  the  mother,  but  this  is  only 
because  of  the  natural  gregariousness  of  snakes  in  or  out  of  captivity;  they  seem 
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just  ;is  likc  lv  to  do  this  with  some  other  rattler,  not  the  parent.  Be\an  (1927,  p.  100) 
stated  thai  the  mothers  exercise  no  maternal  protection.  He  had  seen  them  give 
birth  to  young,  and  then  leave  without  evidence  of  the  slightest  interest  in  them. 
Matteson  (1899»  p.  667)  tried  to  excite  a  mother  rattler  (C.  v.  viridis)  by  tantalizing 
her  young,  but  she  seemed  to  have  no  regard  for  them. 

Some  presumptions  in  a  fantastic  vein  have  been  voiced  by  Jolm  Biirrouohs  (1 908, 
p.  18),  who  believed  tli.it  \()iui<j;  rattlers  migl it  he  taken  into  the  mother's  stomach 
so  tliat  they  could  be  led;  and  the  account  by  Meek  (19  Hi,  pp.  21,  250)  of  how 
young  dianiondbac  ks  ai  c  not  weaned  until  they  reach  a  length  of  a  loot,  at  which 
time  the  mother  leads  them  along  a  trail,  where  she  leaves  them  to  fend  for  them- 
selves, at  suitably  sjjaced  intervals.  Criies  (1952,  p.  62)  found  a  mother  rattler  croon- 
ing (by  rattling  mildly)  to  her  newly  bom  young. 

Dispositions  of  Young  Rattlesnakfs 

Yoiiii'^  rattlers  are  more  pugnacious  than  adults — more  easily  aroused  and  ready 
to  cl(  lend  themselves.  This,  however,  is  charat  leristic  of  manv  kinds  of  snakes — 
of  king  snakes  and  gf)pher  snakes,  for  example,  of  whit  li  the  young  arc  more  ready 
to  bite  than  the  adults.  Newly  born  rattlers,  although  they  can  make  no  rattling 
sound,  nevertheless  vibrate  their  tails  just  as  do  the  adults,  and  take  on  a  fine 
fighting  pose.""  My  correspondents  have  made  the  following  statements  about  the 
actions  and  dispositions  of  young  rattlers: 

I  have  observed  very  young  prairie  raitlesnslces  on  several  occasions,  always  in  late  summer. 

The  young  wwc  |)n'.;ii;uions.  slrikini,'  u  ildly  and  repeatedly,  .nnd  m.idc  no  .nttcinpt  to  cscapf. 
I  have  never  observed  the  parent  with  the  young.  W.  E.  Beed,  Fish  and  Wildlife  Service. 
Watipun,  Wis. 

The  young  of  (he  Great  Basin  rattler  were  found  to  be  very  vicious  and  ready  (o  strike  wiih- 
oui  much  provocation;  however,  M  the  «nakes  grew  elder,  they  seemed  to  lose  their  aggrex- 
sivenea.  Russell  K.  Grater,  NcAional  Park  Service,  Estes  Park,  Colo. 

■o 

If  .T  motJirr  r.nttlrr  ])c  killed,  youni>  nittleis  about  to  lie  born  will  strike  instinctively  when 
removed  from  ihc  egg  sac.  A.  C.  Mackie,  Vernon,  liritish  Columbia. 

The  smaller  rattlers  seem  to  be  the  most  ready  to  strilie.  Floyd  C.  Black,  U.  S.  Fish  and  Wild' 
lite  Service,  Challis,  Idaho. 

At  a  locality  in  the  Wylie  Mountains,  16  miles  southeast  of  Van  Horn,  Culberson  County. 
Texas,  elevation  4,100  feet,  on  July  30  or  31,  1910,  my  suuk  nis  and  I  enccuititcinl  a  huge 
wrslein  diamond  rattler  (C.  atrox)  in  a  cavity  under  a  roik,  tlic  entrance  to  uhitli  lookcil  as 
if  it  might  once  have  been  occupied  by  some  mammal.  We  were  setting  mouse  traps  and 
looking  for  suitable  sites,  when  the  rattler  bu22ed,  causing  us  some  consternation.  One  of  the 
boys  shot  into  tin-  (a\iiv.  killing  the  snake.  We  dragged  it  out,  cut  it  open  and  found  12 
unborn  snakes  in  ibc  rcprodut tivc  tract,  fpon  removing;  the  fetal  inemhr.Tncs,  the  \oun<^' 
snakes  were  found  lo  be  very  mutli  alive,  aggressive,  and  ready  to  strike  at  any  object  thai 
threatened  them.  As  I  recall,  they  were  able  to  exude  a  dn^  or  two  of  venom,  but  I  cannot 
\ OIK  h  for  this  as  I  made  no  record  at  the  time.  W,  B.  Davis,  Texas  A.  &  M.  College,  College 
Station,  Tex. 

'I  hci  e  is  no  reason  to  doubt  Dr.  Davis'  obser\'ation  on  the  venom,  for  the  young 
snakes  do  have  venom  and  are  dai^jerous  at  birth,  although  much  less  so  than 

'If  they  are  threatened.  yotm|:^  cobras,  immediately  after  birth,  will  expand  their  hoods  in  a 

characteristic  defensive  posture  (Bcnchley,  1944,  p.  1). 
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adults  because,  as  discussed  elsewhere  (p.  813),  of  their  shorter  fanqs  and  smaller 
quantity  of  venom.  Several  young  sidewinders,  under  observation  in  a  glass  jar, 
seemed  to  be  excited  by  the  movements  of  their  fellows,  and  struck  each  other  as 
they  nu)\etl  about.  No  adverse  results  were  subsequently  noted.  Young  rattlesnakes 
of  nearly  all  species  are  more  brightly  and  clearly  marked  than  the  adults,  with 
an  accentuated  contrast  between  blotdies  and  ground  color.  There  are  other  onto- 
genetic changes  in  pattern  and  color,  as  mentioned  elsewhere  (p.  224). 

AcrnniTiES  of  Young  Rattlesnakes 

Young  rattlers  remain  with  their  mothers  only  to  the  extent  that  mother  and  off- 
spring seek  the  same  refuge  or  place  of  concealment.  The  individuals  of  the  l)rood 
soon  scatter  in  search  of  food;  under  no  circumstances  could  the  mother  aid  them 
in  this  search,  for  cadi  must  obtain  its  own  live  prey.  Nor  do  the  young  rattlers 
of  a  brood  stay  together  as  supposed  by  IngersoU  (1883a,  p.  35;  1881b,  p.  90),  for 
they  are  competitors  for  a  limited  food  supply.  It  seems  almost  superfluous  to  point 
out  that  snakes  swallow  their  prey  whole;  and  rattlers,  of  course,  are  no  exceptions. 
Snakes  have  no  mechanism,  either  in  their  teeth  or  otherwise,  for  dismembering 
prey.  Thus,  stories  of  mother  rattlers  sharing  food  with  the  young  are  quite  con> 
trary  to  fact. 

In  the  discussion  of  birth  rate,  I  have  already  pointed  out  that  there  is  a  con- 
siderable reduction  in  the  proportion  of  a  popidation  constituted  by  the  voung- 
of-the-year,  during  tlic  time  from  their  births  in  the  fall,  to  the  end  of  their  first 
hibernation  in  the  sjjring.  Lack  of  food,  freezing,  and  vulnerability  to  predators 
take  their  toll.  The  food  problem  is  a  serious  one  for  the  little  rattlesnakes,  for 
they  are  limited  to  lizards  and  very  small  rodents.  Although  we  have  observed  at 
the  Zoo  that  young  can  survive  for  some  months  after  birth  without  food,  because 
they  are  fat  with  absorbed  egg  yolk  when  bom,  the  growth  and  vigor  of  those  that 
have  fed,  compared  with  those  that  have  not,  show  how  serious  the  lack  of  food 
must  be  to  those  in  the  wild  that  are  unsuccessful  in  securing  any  prey. 

I  have  experimented  m  a  limited  way  to  determine  whether  the  juveniles  can  survive  the 

first  winter  witliout  food.  What  tests  I  have  made  indicate  that  they  cannot.  At  least  I  can 
say  posillvei)  that  many  would  not,  and  I  seriously  question  whether  any  could.  On  the 
other  hand,  I  am  confident  that  one  field  mouse  would  be  sufficient  to  carry  one  througli  its 
first  winter.  A.  M,  Jaekley,  Pierre,  5.  Dak. 

^\■right  (191 1,  p.  GG7)  attributed  the  high  mortality  among  young  massasaugas 
(5.  c.  catenatus)  to  their  inability  to  secure  food. 

The  second  serious  cause  of  mortality  among  the  young  is  that  of  freezing  dur- 
ing the  first  winter,  particularly  because  many  of  the  young  fail  to  readi  havens 
previously  tested  and  found  safe  by  their  forebears.  Thus  they  may  take  refuge  in 
holes  or  crevices  that  are  not  below  the  frost  line,  or  that  are  subject  to  fatal  drafts, 
and  never  awaken  to  see  the  spring. 

Finally  there  is  predation,  for  the  young  snakes  are  inexperienced,  caicless  of 
concealineiit  when  searehing  for  food,  and  are  pre)ed  u|X)n  by  cieatures  that  coidd 
not  successfully  cope  with  their  more  dangerous  parents.  Fitch  and  Glading  (1947, 
p.  122)  and  Fitch  (1949a,  p.  539)  believe  predation  to  be  an  important  cause  of  high 
mortality  among  the  in^t  rattlers. 
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That  there  may  be  species  differences  in  the  coiidutt  of  the  young,  is  indicated 
by  studies  made  in  San  Diego  County.  Here  tlicre  seems  to  be  no  great  diftcrence 
in  the  adult  populations  o£  the  soutliem  Pacific  (C.  v.  helleri)  and  red  diamond 
(C.  n  ruber),  but  the  juveniles  of  the  former  are  found  in  about  ten  times  greater 
numbers  than  the  latter.  The  young  reds  seem  instinctively  to  take  care  of  them- 
selves better  by  remaining  hidden  (Klauber«  1931b,  p.  20). 

Behr  (I888j  p.  95)  believed  that  young  rattlers  arc  more  nocturnal  than  the 
adults.  This  is  certainly  not  true  of  the  southern  Pacific  rattlesnake,  although  it 
might  explain  the  comparative  scarcity  of  voung  red  diamonds.  Filch  (1919a, 
p.  522)  found  that  young  northern  Pacific  rattlers  (C.  v.  oreganus)  emerged  earlier 
in  the  evening  than  the  adults. 
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